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ABSTRACT

This volume contains 136 copies of articles, chapters and reviews

published between 1958 and 1992, set out under a series of headings

which cover the major areas of laboratory and clinical research

undertaken by me and my associates in that period. Whenever / am

listed as first author, all or the greater part of the design and conduct of

the work was undertaken by me. Whenever one of my associates or

research students is listed as first author, / was intimately involved in the

concept, design and conduct of the studies reported in any publication
which bears my name. Where original reports are not available, the

permission of publishers has been sought for inclusion of photocopies

within the thesis and any necessary royalties have been paid. Where

such permission was not obtained the articles or chapters have been

omitted from the thesis but are listed by title in Appendix 1. Articles in

press at the time of submission are listed in Appendix 2.

Within each broad area of activity, the publications are grouped in

chronological sequence under subheadings which concentrate on

particular directions in research or on particular techniques or models.

The major components are in the broad field of transplantation

immunology, in the related fields of pregnancy and tumour immunology,
followed by studies in tissue preservation, the clinical aspects of organ

transplantation and dialysis, the surgery of hypertension, some aspects of

general surgery and a modest contribution to surgical education. Short

summaries of the findings in groups of articles, or in some instances

single articles, are presented to highlight particular features of the work

and its relevance.



TRANSPLANTATION IMMUNOLOGY

ANTIL YMPHOCYTE SERUM

My initial commitment to this field began with my appointment as

Lecturer in Surgical Science in the University of Edinburgh under the

direction of Sir Michael Woodruff in 1963. The initial studies involved an

extension of the work by Sir Michael and his colleagues in developing a

heterologous antiiymphocytic serum (ALS) which could modify the

rejection of allografts in rodents and in dogs, i extended the canine

experiments, playing a full part in the immunization and bleeding of the

horses used to produce the serum, the preparation of the ALS and the

later purification of antiiymphocyie globulin (ALGJ and the conduct of

renal transplants in dogs. This work formed the basis for one of the early

publications relating to ALS and its immunosuppressive effects (1). i

played a simitar role in the subsequent development of horse anti-human

ALG and the first use of this material in clinical renal transplantation,

undertaken virtually simultaneously in Edinburgh and in Denver. This

work formed the basis of a thesis accepted for the degree of ChM by the

University of Edinburgh in 1968 (2) and a subsequent review (3).

/ moved to Queensland University in 1967 to take up the position

of Reader in Surgery and to initiate the renal transplant programme in that

State. I set up a laboratory and animal programme which investigated
the optimal species for the production of ALS (4,7). Particular emphasis
was given to the in vitro testing of potential in vivo potency of ALS using
modifications of the rosette inhibition test of Bach and his associates,

helping to establish this as the most effective measure of activity

(5,6,8,9). Our plans for clinical development of ALG were circumvented

by commercial developments in the U.K. and more particularly in the

U.S.A.
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PROLONGATION OF CANINE RENAL ALLOGRAFT
SURVIVAL WITH ANTILYMPHOCYTIC SERUM

G. J. A. Clunie,1 B. Nolan, K. James, J. G. Watt, and
M. F. A. Woodruff

Departments oj Surgical Science and Veterinary Surgery, University of Edinburgh, and
Medical Research Council Research Group on Clinical and Experimental

Problems of Transplantation, Edinburgh, Scotland

SUMMARY

Twenty-nine dogs received renal allografts with simultaneous
bilateral nephrectomy. Five recipients were untreated, five were given
daily s.c. injections of normal horse serum, 14 received daily injec¬
tions of horse anti-dog antilymphocytic serum (ALS) at varying
intervals before and after transplantation, and five were treated
with daily injections of immune globulin prepared from the ALS by
sodium sulphate precipitation and diethylaminoethanol cellulose
chromatography. V.
The mean survival times of the untreated control animals and

those receiving normal horse serum were 9.6 days and 10 days re¬
spectively. No animal in these groups survived for more than 12
days.
In the ALS-treated dogs, some prolongation of survival was

achieved when the serum was started as late as 5 days postopera¬
tively, but. the best results were obtained with 5 days' pretreatment
and continued postoperative administration, the dogs in this group
showing a mean survival of 6S.4 days even with a limitation of
survival credit to 100 days.
Immune globufin admistered on this schedule produced a mean

survival of 2S days, so that some immunosuppressive activity was
lost in the processing of the serum.

Previous studies in this laboratory (1) demonstrated the value of the i.v.
injection of a horse anti-dog antilymphocytic serum (ALS) in the prolonga¬
tion of canine renal allograft survival. Further experiments have been carried
cut to determine the effects of s.c. administration of the ALS, the importance
of timing of injection in relation to transplantation, and the effect of an
immune globulin (IgG) fraction prepared from the ALS.

MATERIALS AND METHODS

Preparation of ALS. Horse-anti-dog antilymphocytic serum was prepared
in an 11-year-old gelding. Immunization was begun in 1963 and consisted
initially in four i.v. injections of dog thoracic duct lymphocytes at weekly
intervals followed by monthly booster injections for 6 months. The serum thus

1 Present address: Princess Alexandra Hospital, Brisbane, Australia.
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produced was used in the study of renal allografts reported previously by
Abaza et al. (1), and details of the initial immunization schedule and the
lymphocyte agglutinin and cytotoxic titrcs have already been reported (J, £).
In October and again in November, 1966, the horse was given a s.c. injection
of dog spleen cells (37 X 10* nucleated cells 95 % viable, and 15 X 10* cells,
70 % viable, respectively), and 1 month later it was exsanguinated. All the
antilymphocytic serum and IgG used in the present experiments was from this
last bleeding. The blood was left overnight at room temperature, and the
serum separated and centrifuged to eliminate contaminating red cells. The
serum was inactivated by heating to 56 C for i/2 hr and absorbed with washed
dog red cells or stroma until the erythrocyte agglutinin titre, which was
initially %09c» was reduced to 14; it was then sterilized by filtration
through HA Millipore filter and stored in 10- or 20-ml ampoules at —20 C.
The serum had lymphocyte agglutinin and cytotoxin titres of ysi2 which were
not affected by the absorption with red cells. The methods of assay were those
described by Abaza and Woodruff (2).
Normal horse serum (NHS) was obtained from this animal before immuni¬

zation, and had a haemagglutinin titre of Vis and a lymphagglutinin titre of
K.
Preparation of IgG. IgG was prepared by sodium sulphate precipitation of

the ALS followed by diethylaminoethanol (DEAE) Cellulose batch chroma¬
tography (5). The product was concentrated by lyophilization and reconsti¬
tuted in phosphate-buffered saline. Immunoelectrophoretic analysis, using
rabbit anti-horse serum and polyacrylamide gel electrophoresis, indicated
that the preparation contained only small amounts of contaminating protein
(probably IgT). The product contained 3 g of protein/100 ml, as compared
with 1 g/100 ml of IgG in the original ALS, and had a haeraagglutinin titre
of Vi<m which was reduced to V& by absorption. The lymphagglutinin titre
was Yi024 and was unaffected by absorption with red cells.
Protocol "The 29 doge were divided into seven groups, and all were given

renal allotransplants. The details of treatment are summarized in Table 1.
Transplantation. The kidney donors and recipients were adult male beagles

1.5-4 years of age weighing between 8 and 12 kg. All dogs were immunized
against distemper and hepatitis with a single injection of a commercial vac¬
cine (Epivax-T.C.-plus (Burroughs Wellcome)). Transplants were carried
out simultaneously in pairs of recipients, the donors being bled out to provide
blood for absorption. Details of the operative technique have been described
previously (1). Ischaemic periods were between 18 and 32 min. Bilateral re-
cinient nephrectomy was carried out after completion of the anastomoses.
Investigations. Blood samples were obtained before the injection of serum,

before operation, and at 3-day intervals thereafter. Total and differential
white cell count, haemoglobin, platelet count, and blood urea, were estimated
on these samples.
No attempt was made to collect urine specimens, but bedding was observed

for evidence of passage of urine.
Autopsies were carried out in animals which died and histological sections
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Taiii.e 1. Survival of renal allograft recipients
l

Survival timet (dayt)
Group No. of dost Treatment"

Obterved valuet Mean

1 5 None 12, 12, 7, 6, 11 9.6
2 5. Normal horse serum 3 ml/

kg/day from day —5
10, 9, 12, 11, 8 10.0

3 3 ALS4 3 ml/kg/day from
day 5

28, 15, 14 19.0

4 3 ALS 3 ml/kg/day from
day 3

24, 16. 24 21.3

5 3 ALS 3 ml/kg/day from
day 0

17, 21, 24 20.6

0 5 ALS 3 ml/kg/day from day
—5 to day 45, then 3 ml/kg
twice weekly to day ,75

74, >100, >100, 50,18 68.4

7 5 IgG 1 ml/kg/day from day
—5 to day 45

40, 28, 17, 22, 33 28.0

a All serum and IgG was given by s.c. injection.
4 ALS, Antilymphocyte serum.

prepared from kidney, lymph glands, thymus, spleen, liver, and lung. Renal^
biopsy with light and electron microscopy was carried out in one long-surviv¬
ing animal.

RESULTS

Behaviour of transplants. Data showing survival times are summarized in
Table 1.
None of the untreated controls or those dogs receiving NHS survived for

longer than 12 days, and the two groups showed a mean survival of 9.8 — 1.5
• ■■>d) days. The transplanted kidneys in these groups showed the typical fea¬
tures of allograft rejection, with marked swelling, interstitial haemorrhage,
round cell infiltration, and tubular necrosis. No difference was noted in the
two groups.
In the ALS-treated animals, prolongation of survival was obtained when the

serum was started as late as 5 days postoperatively in one dog, but in the other
two animals in this group, only slight prolongation was achieved, and the
appearance of the kidneys was similar to that of the controls. With ALS
■started on day 3 or day 0, some prolongation was produced in all six animals,
and the histological pattern of rejection was less acute than in the control
?roup showing only focal tubular necrosis, with little interstitial haemorrhage
but marked mononuclear infiltration. The over-all mean survival of dogs re¬
ceiving ALS postoperatively was 20.3 ± 5.0 days (P < 0.01).
A mean survival of 68.4 ± 35 days was obtained in the five animals receiv¬

ing serum pre- and postoperatively, even when credit for survival was limited
to 100 days to allow data comparison, and one animal is still alive at 350
•lays after transplantation. The kidneys of three of the animals which died
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Figure 1. Postmortem section of kidney nllotransplant from a dog in group 6 at 74
days, showing moderate round cell infiltration. H & E; X150.

were large ancl pale, and showed only moderate round coll infiltration with
some glomerular capillary basement membrane thickening (Fig, 1). The dog
which died at 18 days showed moderate interstitial haemorrhage with heavy
mononuclear infiltration.
There is a highly significant difference (P < 0.001) in the survival times of

the animals receiving ALS postoperatively and those receiving it preopera¬
tive^.
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The IgG-treated group showed a mean survival of 28; ± 9.2 days. The
microscopic features of the transplants at autopsy were similar to those in
the pretreated ALS group in the longer surviving animals, and were compara¬
ble to the controls in the other two.
Effect on peripheral lymphocyte count and lymphoid tissues. The degree of

lymphopenia produced was variable, but all animals which received ALS or
antilymphoeytic IgG showed a fall in peripheral lymphocyte count in spite of
a marked initial granulocytosis. This lymphopenia was more consistent and
sustained than after i.v. injection of ALS (1.).
In the pretreated ALS or IgG groups, the initial degree of lymphopenia did

not appear to be related to eventual survival of the transplant, but all ani¬
mals showed a definite rise in count at the time of rejection (Figs. 2 and 3).
In the two long-surviving animals, the lymphocyte count rose to normal levels
within 3 weeks of cessation of treatment. One of these dogs died from rejec¬
tion 34 days after ALS was stopped, but the other is still alive at 350 days.
Most of the animals receiving ALS or IgG showed marked small lympho¬

cyte depletion in spleen and lymph nodes. This depletion was fairly uniform,
and there was no evidence of the large central hyperplastic pyronin positive
cells noted by Iwasaki et al. (4).
Thymuses were within normal limits for the age of the Animals, and no

germinal centres were seen.

o-

«oo-

OH i . i i i 1 1 1 1 1 i

-» 0 W 20 30 40 50 60 70 80 90 100 110
0AYS

Figure 2. Peripheral lymphocyte counts of dogs receiving antilymphocvtic serum pre¬
vail postoperatively (group 6).
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DAYS

Figure 3. Peripheral lymphocyte counts of dogs receiving antilymphocytic IgG pre-
and postoperatively (group 7).

Evidence of toxicity. The animals showed no signs of general upset following
s.c. administration of the whole serum. The injections were of large volume,
and caused slight local swelling which persisted for 24-36 hr. A few dogs
appeared to find the injection painful, but this became less obvious as the
treatment was continued. No s.c. sepsis was seen in these animals.
IgG was administered s.c. in a third of the volume when compared with

normal serum, and appeared to cause no pain and very slight local swelling
which had gone within 24 hr.
The general condition of the animals seemed satisfactory while renal function

was good, and after slight initial weight loss, the longer surviving dogs ate
well and gained weight well.
All dogs showed an initial postoperative anaemia apparently due to blood

loss, but the haematocrit returned to normal levels within 4 weeks if renal
function remained satisfactory.
Renal biopsy was carried out in the one long-term survivor at 154 days, 79
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ilaya after the last dose of ALS, and multiple small dense subepithelial glo¬
merular capillary basement membrane deposits were seen (Fig. 4). There was
no evidence of these deposits in a further biopsy at 319 days, so that these
changes appear to be reversible (Fig. 5).
Wound infection did not occur in any animals in this series, but two dogs

developed urinary tract infections. The pneumonia seen in several animals
was terminal in type and probably secondary to uraemia. No evidence of
hepatitis or distemper was seen.

DISCUSSION

These experiments provide further evidence of the value of heterologous
antilymphocytic serum in the suppression of allograft rejection. The degree of
immunosuppression obtained in the group of dogs receiving ALS both before
and after operation, with a mean survival of 68 days, is comparable to that
achieved in this laboratory with a combination of azathioprine and predni¬
sone (mean survival 45 days) and there was a striking freedom from the usual
infection, marrow depression, gastrointestinal haemorrhage, general malaise,
and weight loss seen in the drug-treated animals.
Using a mouse skin graft system, Levey and Medawar (5) found that one

or two i.p. injections given 2 or 3 days postoperatively produced a greater

Fioure 4. Renal biopsy at 154 days. Glomerular capillary with a subepithelial deposit
(d) of electron-dense material, cap, Capillary lumen; end, endothelial cell; ep, epithelial
cell with foot processes. Electron micrograph. Lead hydroxide stain; X10.750. (By
courtesy of Professor K. A. Porter.)
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Figure 5. Renal biopsy at 319 days. Part of glomerulus. There is some increase in the
amount of mesangial matrix (mes), but there are now no deposits on the capillary base¬
ment membranes, tub, Proximal convoluted tubule; int, interstitium; pe, parietal epi¬
thelium lining Bowman's capsule; cap, capillary lumen. Electron micrograph. Lead hy¬
droxide stain; XI,400. (By courtesy of Professor K. A. Porter.)

effect than the same dose given preoperatively, but when repeated doses of
ALS were administered both pre- and postoperatively in a similar mouse sys¬
tem by Morfaco and his colleagues (6) pretreatment was shown to give a sig¬
nificantly longer graft survival than postoperative administration alone. Tins
finding has been confirmed in the canine renal allograft situation by the pres¬
ent experiments and by Starzl and his associates (7). It seems, therefore, that
pretreatment with continued postoperative administration of serum is the
method of choice and that ALS might be expected to produce its maximal ef¬
fect clinically in the living donor situation as opposed to the cadaver, where
pretreatment for any length of time would normally be impossible. The slight
prolongation of survival seen in the animals not receiving pretreatment sug¬
gests that ALS might also be of value in the treatment of established rejection
crisis, as suggested by Levey and Medawar (5).
The s.c. injection of the ALS and its IgG fraction was well tolerated. Any

local reaction had subsided within 24-36 hr and seemed to be due more to the
volume of the injected fluid rather than to any specific reaction. There was
no evidence of the s.c. sepsis noted by Starzl and his associates (7) or of the
systemic reactions seen after i.v. injection of a similar serum (f).
In an attempt to reduce the volume of fluid injected and the amount of
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extraneous horse protein, an IgG preparation which retained most of the in
vitro lymphagglutinating activity of the whole serum, but which contained
3 times the weight of immune globulin, was prepared. Volume of injection was
therefore reduced by one-third, but some immunosuppressive activity was
lost in the processing, the animals treated with this preparation showing a
mean survival of 28 days in contrast with the mean 68-day survival in animals
given the same amount of IgG in the form of the whole serum. Rabbit anti-rat
IgG prepared by fractionation by DEAE cellulose batch chromatography and
horse anti-rat IgG prepared by sodium sulphate precipitation and DEAE
cellulose chromatography, did not show significant loss of activity in vivo (3)
and it is not clear why horse anti-dog IgG prepared in the same way should
be weakened by the processing. Further definition of the nature of the anti¬
body, and other methods of fractionation of the serum, are under investiga¬
tion.

Acknowledgments. Our thanks are clue to Professor K. A. Porter and Miss J. Rendall
for the electron micrographs, to Mr. A. Littlejohn and Mr. D. Bardsley fey help with the
immunization of the horse, and to Mr. J. Allan, Mr. G. Brooks, and Mr. J. Scott for
skilled technical assistance.
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THE PLACE OF HETEROLOGOUS ANTI¬
LYMPHOCYTIC GLOBULIN IN RENAL

TRANSPLANTATION

Gordon J. A. Clunie, m.b., ch.m. (Edin.), f.b.c.s.,
f.k.c.s. (Edin.)1

University of Queensland

In the last ten years, more than 2,000 human renal
allografts have been performed, and recent results from
centres throughout the world have shown the therapeutic
value of the procedure. The experience since January,
1966, as recorded in the Sixth Report of the Human
Kidney Transplant Registry (1968), gave a survival rate
at one year of 75% for related living donor grafts, and
of 45% for unrelated cadaver grafts. One hundred renal
transplants were performed in Australia in 1967, and at
one year, a 65% cadaver graft survival rate was reported
from the Royal Melbourne Hospital (Marshall et alii,
1968). These results have been obtained against a
background of continuing improvement in preoperative,
assessment and preparation, increasing familiarity with
the operative techniques, and growing experience in the
management of immunosuppressive agents. They will
improve still further with the use of donor-recipient
matching (Morris, 1968), but there is a limit to the
advances which can be expected with the present methods
of immunosuppression. The drugs most effective, both
experimentally and clinically, have been an antimetabolite,
azathioprine, and a steroid, prednisone. These drugs are
far from ideal in their mode of action, since the
preservation of renal function may result in troublesome
morbidity and significant mortality from drug-induced
bone-marrow depression, and an increased susceptibility
to infection (Hill et alii, 1967).
Splenectomy, thymectomy and drainage of the thoracic

duct have all been performed in an attempt to suppress

graft rejection with minimal effect on the general
protective mechanism. None of these procedures has shown
clear evidence of benefit, and each has its disadvantages.
Extracorporeal irradiation of blood or external irradiation
to the grafted kidney may be of some value (Hume and
Wolf, 1967), but the need for a safer and more specific
immunosuppressive agent remains.

ANTILYMPHOCYTIC SERA

Experimental Studies
Woodruff and Anderson (1964) demonstrated a

prolongation of survival of rat skin allograft by the
administration of a heterologous antilymphocytic serum

(ALS) produced in the rabbit by immunization with
repeated doses of rat thoracic duct lymphocytes. Subse¬
quently, a similar prolongation of survival of vascularized
organ grafts with heterologous antilymphocytic sera has
been demonstrated with the canine kidney (Abaza et alii,
1966; Mitchell et alii, 1966; Monaco et alii, 1967; Starzl
et alii, 1967; Clunie et alii, 1968). In all these experiments
there was a striking freedom from the gastro-intestinal
haemorrhage, bone-marrow depression, wound infection,
and general malaise seen in dogs receiving the standard
drugs.

1 Reader In Surgery.

Complications
The. administration of ALS has not been free from

complications, however. Injection of heterologous protein
could be expected to produce allergic responses, either
immediate, due to the. presence of preexisting antibodies,
or late, due to the development of specific antibodies.
Intravenous or intraperitoneal injection of ALS caused
frequent anaphylactic reactions. This effect was eliminated
by subcutaneous administration of the serum, but such
injections were accompanied by severe local sensitivity
reactions.

Heterologous protein may produce specific renal damage.
Pre-existing antibody can become bound to glomerular
antigen immediately after injection, but this form of
specific nephritis has not been observed by any of the
workers using antilymphocytic sera in the dog. More
important has been a serum sickness nephritis similar
to that reported by Dixon et alii (1961) which occurred
in rabbits receiving daily injections of foreign protein.
Trapping of soluble antigen-antibody complexes in the
glomeruli produced an inflammatory reaction, and lesions
of this type were clearly demonstrated by Iwasaki ef
alii (1967) and Clunie et alii (1968) in dogs receiving
subcutaneous injections of horse-anti-dog ALS for periods
of more than two weeks.

Although there has been no evidence of increased
susceptibility to bacterial infection in animals receiving
ALS, Van Beekum et alii (1967) reported fatal viral
infections in all of a group of monkeys treated with ALS
after irradiation and bone-marrow transplantation in an
attempt to suppress graft-versus-host disease. Abaza et
alii (1966) described a fatal distemper in some of their
canine renal allograft recipients treated with intravenous
injections of ALS. These animals had been immunized
with attenuated distemper virus before treatment. Subse¬
quently, Hirsch and Murphy (1968) have demonstrated
depression of the primary response in mice inoculated
with viruses after pre-treatment with rat-anti-mouse ALS.
These reports suggest that the suppression of cellular
immunity, which appears to prolong the survival of an

allograft, may also increase the recipient's susceptibility
to viral infection.

Cell-mediated responses are thought to be the. major
host defence against virus induced tumours and leukaemias,
and there has been an increased incidence, of tumour
induction in mice inoculated with Moloney leukaemia
virus, adenovirus 12 and polyoma virus after pre-treatment
with ALS (Allison and Law, 1968). The occurrence of
viral infections or the development of lymphoid tumours
may outweigh the apparent advantages of ALS over other
immunosuppressive agents in avoiding susceptibility to
bacterial infection.

Fractionation

Analysis of the immunosuppressive potency of the
various fractions of horse ALS obtained by separation on

Sephadex gel showed that the main activity lay in the
7S globulin component (Woodruff et alii, 1967). Much of
the hsemagglutinating activity, which had previously
necessitated absorption with the cells of the recipient
species before use, lay in the 19S globulin component.
Thus, preparation of a 7S fraction eliminated at
least some of the undesirable antibody, while retaining
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therapeutic activity. Lyophilization of the product allowed
concentration of the protein fraction during reconstitution
before injection, and the volume of injected material was
thereby reduced substantially. A horse-anti-dog anti-
lymphocytic globulin (ALG) containing three times the
amount of immune globulin caused only minimal local
sensitivity reaction as compared with that seen after
injection of the crude ALS (Clunie et alii, 1968).

Clinical Applications
A horse-anti-human ALG was first used clinically for

patients showing evidence of chronic late rejection of
renal transplants and side effects from immunosuppressive
drugs so severe that continued or increased dosage was
hazardous to the patient. Of seven patients treated in
Denver and in Edinburgh, four showed clear improvement
of renal function and were maintained on much lower
doses of prednisone than was possible before treatment
with ALG (Starzl et alii, 1967; Clunie, 1968; Woodruff
et alii, 1969). The. material used in both these trials was
prepared by immunization of horse with spleen cells,
and caused severe local reaction when given by intra¬
muscular injection.
A number of other groups have produced similar ALG

preparations for use in man. Monaco and his colleagues
in Boston (1967) administered an anti-human ALG,
prepared by the immunization of rabbit with lymph node
cells, to 10 volunteers. Local pain, tenderness, swelling
and transient pyrexia were seen after each subcutaneous
injection. One of the subjects developed serum sickness
with associated hematuria two weeks after the ALG

injections, but recovered satisfactorily.

Traeger and his colleagues from Lyons (1968) prepared
anti-human ALG in the horse by immunization with
thoracic duct lymphocytes. This material was administered
to 15 patients. An immunosuppressive effect was demons¬
trated by suppression of the Mantoux test in eight of
the patients, but there was no clear evidence of benefit
in the transplant recipients. Eleven subjects demonstrated
some, local reaction to intramuscular injection of ALG
and eight showed generalized skin reactions. One patient
developed serum sickness. All developed antibodies to the
injected horse protein during the course of treatment.
The most extensive trial of ALG has been carried out

in Denver (Starzl et alii, 1968). Since June, 1966, 86
recipients of renal or hepatic allotransplants have been
treated postoperatively with ALG, in addition to the usual
drugs, for periods of up to four months (Starzl, 1968).
Nineteen of the first 20 renal graft recipients, all of
whom were treated at least one year ago, are alive with
functioning grafts. The results for this group were

compared with those for three initial series of 32, 14,
and 25 patients who were operated on between November,
1962, and April, 1966, and who did not receive ALG.
The mortality of 5% after one year for the group
treated with ALG compares with a mortality rate of
28% to 31% in the other series. Significantly lower
doses of prednisone (P<0-005)) were used, and there were
fewer infective complications. However, both local and
systemic reactions to the injected material resulted in
considerable morbidity although there were no deaths
(Kashiwagi et alii, 1968). All patients experienced pain
and tenderness at the site of injection, a few requiring

narcotics for control of the pain. All patients
who received ALG in the preoperative period developed
fever, often with rigors, and 18 showed skin reactions
of various types. Eleven patients had anaphylactic
reactions, which were controlled by means of intravenously
administered steroids. There was no evidence, of nephritis.
Nine patients developed thrombocytopenia of less than
50,000/mm3 at some stage, but whether this was a side
effect of ALG or azathioprine, or both, was not clear. The
development of non-specific haamagglutinating and anti-
horse-protein-precipitating antibodies by some patients in
this series gave some indication of those patients most
likely to show generalized reactions. The early use of
.prednisone appeared to delay and minimize these
responses. Similar reactions have been reported from
Edinburgh in a smaller series of cases (Woodruff et alii,
1969).
Shorter et alii (1968), of the Mayo Clinic, described a

series of 16 patients treated with a horse-anti-human
antithymus globulin for short periods before and
immediately after renal allotransplantation. Their material
had a weak lymphocytotoxicity in vitro, and there is no
clear clinical evidence that any benefit was gained by
its use. However, the lack of local or systemic reactions
to the intramuscular injection of this material is in
sharp contrast with the complications observed in other
centres where spleen cells, lymph node cells, or thoracic
duct lymphocytes were used in the preparation of the
antilymphocytic globulin, and for this reason, the use of
the thymic cell inoculum deserves further investigation,
both clinically and experimentally.
Even more disturbing than the local and systemic

reactions to ALG injection has been the report of
malignant lymphoid tumours in some renal transplant
recipients treated with ALG. However, in a review of
five cases in which malignant lymphomas occurred in
patients from Denver, Minneapolis and Edinburgh, Penn
and his colleagues (1968) pointed out that only three of
these patients had in fact received ALG. In addition to

therapy with azathioprine and prednisone, the only
common feature in all cases was the continuing presence
of an antigenic stimulus in the form of a renal allograft.
The authors suggest that this stimulus, in combination
with the immunosuppressive drugs, was responsible for
the development of the tumours. The low incidence of

lympho-reticular tumours does not negate the value of
renal allografts, hut the development of such lesions should
be looked for with care in the increasingly large number
of long-term survivors.

CONCLUSIONS

The place of ALG in the routine management of future
recipients of allotransplants of both kidneys and other
organs depends on the attempts to eliminate, or at least
to minimize, side effects, and the clear demonstration
of potent immunosuppressive activity in the clinical
situation. The individual doses of immune globulin injected
into humans so far have been smaller than those used

experimentally. Since the recipients must be treated as

patients, and not as experimental animals, the difficulties
involved in the assessment of a single factor in the
course of a treatment in which there are so many variables
in therapy, physical condition, and immunological com-
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patibilities, are considerable. The results for individual
cases, while of considerable interest and perhaps
therapeutic benefit, may not be meaningful in an over-all
context. The statistical analyses reported by Starzl and
his colleagues (1968) suffer from the defect of all studies
which compare groups of patients treated at different
times, even in the same centre. It must be presumed
that the technical skills and the expertise of the clinicians
concerned had improved with greater experience, so that
the results in later series could be expected to be better
than those for an earlier group treated by the same

persons. The smaller number of deaths due to technical
complications would appear to confirm this view. The
chance factors of relative donor-recipient incompatibilities
were eliminated as far as possible by comparison of
white-cell grouping, which revealed no over-all variation
in the series, but the difference in time of treatment
raises doubts as to the full validity of the conclusions
drawn. The ethical difficulties involved in the withholding
of a particular form of treatment, when the responsible
clinicians already regard that therapy as superior to any

possible alternative, may make a full therapeutic trial
with adequate prospective controls impossible in particular
clinics. However, a cooperative series of patients from a
number of centres, with adequate controls, should be set
up to provide a large and meaningful series of results
as soon as possible. It would seem that the rapidly
expanding renal transplant centres in Australasia offer
an ideal background for such a study. The difficulties
in the standardization of other treatments and general
management may preclude a trial of this type, but the
efficacy of ALG therapy in the present form will remain
in doubt until such results are available for full statistical

analysis.
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Thirty-nine dogs received renal allografts with simultaneous bilateral nephrectomy. Ten
recipients were untreated, 15 were given daily subcutaneous injections of normal horse serum,
normal cow serum or normal goat serum, and 14 received daily injections of horse antidog
antilymphocyte serum (HALS), cow antidog antilymphocyte serum (CALS), or goat antidog
antilymphocyte serum (GALS). The mean survival times of the untreated control animals
and those receiving normal sera were 8"6 and g~i days respectively. No animal in these groups
survived for more than 12 days. In the ALS-lreated dogs, a mean survival of 128 days

was obtained with GALS, of i8~o days with CALS and of 68-4 days with HALS.

Introduction

Previous studies have demonstrated the
value of a horse antidog antilymphocyte serum
(ALS) in the prolongation of canine renal
allograft survival (Clunie et alii, 1968), but the
subcutaneous injection of the ALS produced
some local sensitivity reaction. Further experi¬
ments have been carried out to determine the
effects of the subcutaneous administration of
a similar ALS prepared in a cow and a goat.

Material and Methods
Immunization
Details of the preparation of the horse antidog

antilymphocyte serum have been given previously
(Clunie et alii, 1968). A cow and a goat were immu¬
nized by the subcutaneous injection of canine spleen
cell suspensions at weekly intervals for three doses
with monthly booster doses thereafter. The animals
were bled one week after the third and each sub¬
sequent dose, and the blood used in the present
experiments was obtained from serum pooled from
the third, fourth and fifth bleeds. At that time the
total spleen cell doses were 1 x io8/kg for all three
animals.

The blood was left overnight at room temperature
and the serum separated and centrifuged to eliminate
contaminating red cells. The serum was inactivated
by heating to 56° C for half an hour, and absorbed
with 1/3 volumes of washed canine red cells. It
was then sterilized by filtration through a O'45/t filter1
and was stored in 10-ml or 20-ml ampoules at -20° C.
Normal horse serum (NHS), normal cow serum

(NCS) and normal goat serum (NGS) were
obtained from the animals before immunization and
were sterilized and stored in the same way.

Lymphagglutinin, hsemagglutinin and lymphocyto-
toxic assays were performed as described by Abaza
and Woodruff (1966).

Protocol
The 39 animals were divided into seven groups,

and all received renal allotransplants. The details
of treatment are summarized in Table I.

Transplantation
The kidney donors and recipients were adult male

beagles or mongrels weighing between eight and 15
kilograms. All dogs were immunized against dis¬
temper and hepatitis with a single injection of a
commercial vaccine. Renal transplantation from an

1 Millipore Filter Corporation.
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Table i

Treatment and Survival of Renal Allograft Recipients

Number Survival in days
of

Group dogs Treatment1 Observed values

1 10 Nil 6, 12, 12, 6, 7, ii, 8, 9, 7, 8 8-6
2 15 Normal cow, horse, or goat serum 3 ml/kg/day from Day —5 10, 9, 12, 11, 8, 6, 9, 7, 6, 8, 9-1

6, 10, 10, 12, 12
3 5 Cow ALS2 3 ml/kg/day from Day —5 13, 13, 10, 26, 28 18-0
4 5 Horse ALS 3 ml/kg/day from Day —5 to Day 45, then 3 ml/kg/day 74, >100, >100, 50, 18 68-4

twice weekly to Day 75
5 4 Goat ALS 3 ml/kg/day from Day —5 8, 10, 15, 18 12-8

1 All serum was given by subcutaneous injection.
2 ALS= antilymphocyte serum.

indifferent donor was carried out simultaneously in
pairs of recipients, the donors being bled out to
provide blood for absorption. Details of the operative
technique have been described previously (Abaza
et alii, 1966). Ischsemic periods were between 16
and 32 minutes. Bilateral recipient nephrectomy was
carried out after completion of the anastomoses.

Investigations
Blood samples were obtained before the injection

of serum, before operation and at three-day intervals
thereafter. Total and differential white cell count,
haemoglobin, platelet count, blood urea and serum
creatinine were estimated on these samples. Urine
samples were not collected.
Full post-mortem examinations were carried out

on all animals which died, and histological sections
were prepared from kidney, lymph glands, thymus,
spleen, liver and lung.

Results

1. In-vitro effects on titres
Details of lymphagglutinating, lymphocyto-

toxic and hsemagglutinating titre are given in
Table 2. The hsemagglutinating titre of the
ALS was reduced to \ following absorption
with washed canine red cells. This absorption
had no effect on either the lymphagglutinating
or the lymphocytotoxic titre.
2. In-vivo behaviour of animals receiving

transplants
Data showing survival times are summarized

in Table 1. None of the untreated controls or

of those dogs receiving normal serum survived
for longer than 12 days, and the two groups
showed a mean survival time of 8-9 ± 2-0
(SD) days. No significant increase in survival
was obtained with CALS or GALS in com¬

parison with that obtained in the control
groups, although two of the five animals receiv¬
ing CALS survived for longer than 20 days.
The kidneys of the four dogs receiving GALS

showed the typical features of allograft rejec¬
tion, but in the two longer survivors receiving
CALS there was only moderate round-cell
infiltration with some glomerular capillary
basement membrane thickening. The mean
survival of 68-4 ± 35-0 (SD) days obtained
with the HALS is highly significant (p <
o'ooi). The animals showed no signs of
general upset following the subcutaneous

Table 2

In-Vitro Serum Assay

Titre

Lymph- Lympho¬ Hasm-
agglutinin cytotoxic agglutinin

Normal cow serum 1/4 i/4 1/8
Normal horse serum 1/8 1/8 1/8
Normal goat serum 1/2 1/2 i/4
Cow ALS1 1/512 1/256 1/1024
Horse ALS 1/512 1/512 1 /4096
Goat ALS 1/128 1/128 1/512

1 ALS = antilymphocyte serum.

administration of ALS or of normal serum.

Injections of normal serum were of large
volume and caused slight local swelling which
persisted for 24 to 36 hours for the first four
or five injections, but thereafter the size of the
reaction increased until the time of death, and
the later injections were obviously painful to
the animals. Similar reactions were seen after
the administration of GALS.

With HALS there was a moderate local
reaction with swelling, local heat and tender¬
ness within a few hours of injection, and this
was most marked with the first four or five
injections. Thereafter this reaction diminished
markedly. The initial reaction to cow ALS was
similar, although less marked, and again there
was a diminution in reaction with further

injections.
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The general condition of the animals seemed
satisfactory while renal function was good, and
after slight initial weight loss the long-
surviving dogs ate well and gained weight.
Wound infection and subcutaneous sepsis at
the site of injection of sera did not occur in any
animal in this series, but three dogs developed
urinary tract infection. Pneumonia seen in
several animals was terminal in type and prob¬
ably secondary to uraemia. There was no
evidence of hepatitis or distemper.

Discussion

The best animal species for raising hetero¬
logous antilymphocyte serum has not been
defined clearly. The sheep has not produced
antidog antilymphocytic sera with high in vitro
or in vivo activity (Mitchell et alii, 1966;
Pichlmayr et alii, 1967). Jeejeebhoy (1967)
found that dog antirat antilymphocyte plasma
(ALP) and rabbit antirat ALP had compar¬
able activity in vitro on lymphagglutinin and
cytotoxic assay, but that the rabbit ALP was
a potent immunosuppressive agent in vivo
while the dog ALP was completely ineffective.
Potent antidog antisera on both in vitro and
in vivo testing have been raised in the horse
(Abaza et alii, 1966; Monaco et alii, 1966;
Iwasaki et alii, 1967; Pichlmayr et alii, 1967),
and in the rabbit (Lawson et alii, 1967).
Rabbit antirat ALS (Woodruff and Anderson,
1964) and rabbit antimouse ALS (Gray et alii,
1964; Levey and Medawar, 1966) are effective
in vitro and in vivo. Horse antirat ALS pro¬
duced a much less marked lymphopenia and
diminished immunosuppressive activity in the
prolongation of skin allografts than a compar¬
able rabbit antirat ALS (Woodruff et alii,
1967). Large volumes of serum can be with¬
drawn from the horse as compared with the
rabbit, however, and the horse has been the
preferred source of ALS for use in organ
grafting in large animals for this reason.
Pichlmayr et alii (1967) obtained antidog
ALS from a cow with a slightly weaker lymph¬
agglutinin titre (i/5i2 as compared to 1/1024)
than that from a horse, but did not test this
bovine material in vivo. Although on in vitro
testing comparable results were obtained with
CALS and HALS in the present series of
experiments, significant prolongation of sur¬
vival of renal allografts was obtained with the
HALS alone. The goat has been used as a

70

commercial source of antiserum, and it appears
to produce a satisfactory antilymphocyte serum
for use in dogs 011 in vitro testing (Simons,
1968). However, the goat used in the present
series of experiments gave a serum which was
markedly weaker than either the CALS or the
HALS on both in vitro and in vivo testing.
The increasing reactions seen following the

subcutaneous administration of normal serum

and the ineffective GALS suggest the develop¬
ment of antibodies to the injection of foreign
protein. On the other hand, the diminution in
the nonspecific reactions to the more potent
ALS appears to indicate a suppression of
reaction to itself, as first postulated by Sacks
et alii (1964).
Fewer local and systemic reactions might

be expected with antisera raised in closely
related as opposed to widely disparate species,
since the number of differing antigens should
be fewer, and this suggestion was confirmed in
the experiments of Balner and Dersjant
(1967). They reported that antisera raised in
Macaca cynomolgus caused 110 side-effects when
injected into rhesus monkeys, whereas antisera
prepared in the rabbit produced severe systemic
reactions on intravenous injection, even after
absorption with rhesus red cells. However, the
macaca ALS had only a slight effect on the
prolongation of survival of skin allografts in
the rhesus monkeys, whereas the rabbit ALS
prolonged survival for up to nine weeks as
compared with a survival of 10 to 12 days in
control animals receiving normal rabbit serum.
Thus it seems that serum from a closely related
donor is less effective as an immunosuppressant
than serum from a more distant species, and
that unwanted side-effects may have to be
accepted as the penalty for effective suppression
of rejection, at least until purer and more
specific antibody can be prepared.
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THE ROSETTE INHIBITION TEST

Technical Considerations1

H. Morton and G. J. A. Clunie

Department of Surgery, University of Queensland, Brisbane, Australia

SUMMARY

The formation of rosettes between spleen cells from nonimmunized mice and sheep
red blood cells (SRBC) has been investigated. It has been shown that the number of
rosette-forming cells present is greatly increased in the presence of calcium and magne¬
sium and in the higher pH ranges, but decreases rapidly during incubation. When testing
antilymphocytic sera to determine the degree of inhibition of rosette formation, ionic
concentration, pH, and time and temperature of incubation must be carefully controlled
to obtain reproducible results, and it is recommended that tests should be performed at
37 C using Hanks' basic salt solution (BSS) without calcium or magnesium, pH 7.4, as
the suspending medium and that readings should be taken after lVz hr of incubation.

The formation of rosettes between lympho¬
cytes and sheep red blood cells (SRBC) was
established by Zaalberg (8) in a sensitized
mouse system and, under the conditions of his
experiments, showed rosettes in the range of
4-6/1,000 spleen cells. Bach and Dormont (/),
using cells from nonimmunised mice, demon¬
strated rosette formation which was never

higher than 2/1,000 spleen cells and presented
evidence that such cells were involved in either

antigen recognition or antibody production (S).
However, Coombs et al. (5) have demonstrated
that the reaction is not blocked by antiimmu¬
noglobulin sera, and the immunological basis
for the formation of rosettes is far from clear. In
view of the potential importance of inhibition of
rosette formation as a predictor of the potency
of immunosuppressive agents such as heterolo¬
gous antilymphocytic serum (2), and of the fail¬
ure of clinical immunosuppression (6), the effect
of a number of physical factors on the quantita¬
tive aspects of the test have been further inves¬
tigated. These experiments were designed to as¬
sess the effect of variations in the ionic composi¬
tion and the pH of the suspending medium and
the temperature at which the tests were per¬
formed.
The method used was basically that suggested

by Bach and Antoine (1), with modifications by
1 Supported by National Health and Medical

Research Council Grant 603590 53-71.

Munro et al. (6). Quackenbush white mice were
anaesthetised with ether and then exsanguinated.
The spleen was removed, placed in a solution of
known pH, and homogenised, and the suspension
was allowed to stand for 5 min to sediment. The
supernatant was removed and centrifuged, and
0.25 ml of distilled water was added to the resi¬
due to haemolyse the red cells. After 20 sec, the
tube was filled with solution, centrifuged, and
washed once more. The cells were then made up
to a final concentration of 15,000 spleen cells//xl
which contained more than 90% lymphocytes
and less than one red cell/50 nucleated cells. At
the end of incubation for periods of up to 2 hr
the cells showed greater than 90% viability.
There was considerable variation in the number
of rosettes formed using different mouse spleen
cells. So, in comparing the effect of different pH
and time of incubation, spleen cells from the
same mouse were used throughout an experi¬
ment. The protocol observed was as follows.
Using Hanks' basic salt solution (BSS) and
2.8% w/v NaHCOs, a pH range of solution be¬
tween 7.0 and 8.0 at 0.2 intervals was prepared.
One mouse spleen was divided into 6 parts and
each was suspended directly into a solution of
known pH. In this way, the effect of varying pH
and time of incubation could be compared for a
solution of known composition. This method was

repeated for solutions of varying composition.
Fresh SRBC in Alsever's solution were ob-
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tainecl at weekly intervals (Commonwealth
Serum Laboratories). These were stored at 4 C
and washed three times in appropriate solution
prior to use. A final suspension of 10" cells//d
was prepared. The Hanks' BSS was prepared in
two forms—Hanks' BSS, and Hanks' BSS cal¬
cium and magnesium free. These were adjusted
to the required pH with either 2.8% w/v
NaHCOs or 0.1 n NaOH. The pH of the solu¬
tions containing NaHC03 tended to rise during
incubation. All glassware was carefully washed
and rinsed. Plastic disposable tubes used for the
tests were rinsed several times and dried before
use and 0.25 ml of diluent, 0.1 ml of spleen cell
suspension, and 0.1 ml of SPBC suspension were
added to each tube. These were centrifuged at
200 (/ for 5 mill, then gently rotated by hand for
5 min to resuspend the cells before counting on a

haemocytometer. Ten thousand spleen cells were
counted and the number of rosettes were re¬

corded. A lymphocyte with three or more adher¬
ing SRBC was considered to be a rosette. For
incubation experiments, the spleen cells were in¬
cubated in Hanks' solution and the SRBC were

Table 1. Variation in number of rosettes formed
with varying pH and composition of

solutions

Solution
Xo. of rosettes formed with pH at"

7.0 7.2 7.4 7.6 00000

Hanks' BSS
with Ca++
and Mg++

pH adjusted 5 4 4 8 10 17

with

NaHCO,
pH adjusted 3 2 2 3 9 15

with
NaOH

Hanks' BSS
without
Ca++ or

Mg++
NaHCOs 2 4 6 7 4 3

NaOH 4 5 5 7 9 ()

" These results represent the number of ro¬

settes/104 spleen cells. Four experiments are
illustrated—each using the spleen cells of a par¬
ticular mouse. The standard deviation will be

approximately equal to the square root of the
mean count (the mean shown is the average of
duplicate determination).

added after the required time had elapsed and
immediately prior to centrifugation. All prepar¬
atory work was carried out at 4 C.
Variation in the numbers of rosettes formed/

10' spleen cells using solutions of different pH
and tonic composition are demonstrated in
Table 1. Reading across the table, each series of
results represents an illustrative experiment of
the tests done on one mouse spleen. A greater
number of rosettes were formed in solutions con¬

taining calcium and magnesium with higher pH,
irrespective of the adjustment of pH with
NaHCOs or NaOH. The number of rosettes
formed at pH 8.0 in Hanks' BSS with calcium
and magnesium ranged up to 180/10* spleen
cells. Hanks' BSS without calcium and magne¬
sium did not give a similar increase in the num¬
ber of rosettes with increasing pH. Although the
highest counts were seen in the pH range

7.4-7.S, the rosette count was never greater than
20/10' spleen cells. The addition to the Hanks'
BSS of 10% guinea pig serum (absorbed with
sheep red cells then diluted 1:5) or 10% mouse
serum (absorbed with sheep red cells) did not
alter the results significantly.
In counting ''rare" events, the usual statistical

distribution is the Poisson, in which the stand¬
ard deviation will be approximately equal to the
square root of the measurements. (Here the
mean is the average for a duplicate determina¬
tion.) To illustrate this, using Hanks' BSS ad¬
justed with NaHCOa to pH 7.4. the test was

performed six times using the same mouse spleen
cells. The mean was 1.5 rosettes/10' spleen cells,
standard deviation (SI)) 0.97 (square root 1.2).
This experiment was repeated at pH 8.0 in
which the mean of the six tests was 41.7 ro¬

settes/10' spleen cells, SD 5.7 (square root 6.5).
At pH levels above 8.0. the mouse spleen cells

became increasingly sticky and tended to agglu¬
tinate with each other. In order to remove any
doubt that the rosettes formed at higher pH
levels were true rosettes and not clumps of red
cells, the counting chamber was flooded with
Turk's solution. The SRBC were liaemoiysed
and the stained lymphocyte was easily observed.
The effect of time of incubation of the spleen

cells in Hanks' BSS of different ionic composi¬
tion and pH is illustrated in Figure 1. Each
experiment, using a solution of specified compo¬

sition, a range of pH 7.0-8.0, and time of incu¬
bation from 0 to 3 hr, was done on the cells
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URS)TIME (HOURS

Figure 1. The effect: of time of incubation on the number of rosette-forming cells/10'
spleen cells in Hanks' BSS of differing ionic composition and pH. Each of the four illus¬
trations represents the results of tests done on the spleen cells of a particular mouse. The
standard deviation will be approximately equal to the square root to the mean count (the
mean is the average for a duplicate determination).

HANKS B.S.S. without Ca. or Mg.
pH adj. with Na OH

pH adj. with Na H CO 3 pH adj. with Na H CO3

from an individual mouse spleen. The standard
deviations of the tests are as described pre¬
viously. With solutions containing calcium and
magnesium and at pH 8.0, the ability of cells to
form rosettes was lost quite rapidly, but with
lower pH levels there was an initial rise in the
number of rosette-forming cells and then a fall,
so that after 1 hr there were similar numbers of

rosette-forming cells at all pH levels tested. In
solutions not containing calcium and magnesium,
the change on incubation was much less marked,
but there was a slight reduction in the number
of rosette-forming cells over a 2-hr period. After
lVz hr of incubation, the number of rosettes
formed was never greater than 20/10* spleen
cells.
The effect of temperature is illustrated in Fig¬

ure 2. Using Hanks' BSS at pH 7.6 with calcium
and magnesium, the number of rosette-forming
cells present showed only a slight decrease after
2 hr at 4 C. whereas the numbers decreased

rapidly at 87 C and 25 C. Similar results were

obtained using solutions without calcium and
magnesium.
Rosettes once formed between SRBC and

mouse spleen cells were unstable and the count
decreased after standing. In a series of tests
using different mouse spleen cell suspensions, the
mean of counts done immediately after prepara¬
tion was 31.7 rosettes/10* spleen cells (SD 6.9)
and, after incubation for 1 hr at 37 C, the count
was 8.3 rosettes (SD 3.1). If this mixture was

again centrifuged, mixed, and counted, the re¬
sults were similar—the mean count being 8.6
rosettes (SD 3.9). Immediately after being
formed, the rosette suspension was exposed to
low power sonic vibration (15 watts of ultra¬
sonic energy for less than 1 sec; probe diameter,
i/2 inch). This was not sufficient to lower the
total spleen cell or SRBC counts, but the rosette
count was lowered from 32 rosettes/10' spleen
cells to 10 rosettes. If this suspension was re-
tested, the rosettes were again formed, although
not to the previous level, the count being 26

INCUBATION£
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-» Number of ROSETTES per 10,000 spleen cells

■ 4°c
o 25°c
* 37°c

1'4 2
TIME (HOURS)

HANKS BSS + Ca + Mg. pH 7-6
pH adjusted with NaHCO-j

Figure 2. The effect of temperature of incubation on the number of rosette-forming
cells/104 spleen cells. This figure illustrates a representative experiment done on the spleen
cells of a particular mouse. The standard deviation will be approximately equal to the square
root of the mean counts (the mean is the average of a duplicate determination).

rosettes. These reformed rosettes were then incu¬
bated at 37 C for 1 hr, during which time the
count had dropped to 8 rosettes/104 spleen cells.
The count remained the same on retesting.
The control tests performed by incubating the

spleen cells alone for 1 hr and then testing for
rosette formation (usual technique), although a
little lower, did not differ significantly from
these results—the mean was 3.7 rosettes/104
spleen cells with a SD of 3.3.
Shortman et al. (7) have suggested that lym¬

phocytes may be divisible into two classes, one
showing physical properties of adherence like
certain antibody-forming cells, the other not.
They found that there was no depletion of larger
lymphocytes by columns of siliconized glass
beads when mouse thymus or thoracic duct cells
were used, but there was some reduction in
mouse spleen cell preparations. This suggested a
particular class of spleen cells demonstrating a
physical property of adherence not apparent in
other forms of lymphocytes.
Experiments reported here also show the pres¬

ence of spontaneous rosette-forming cells in
mouse spleens, showing properties of physical
adherence. The number of these cells present is
greatly increased in the presence of calcium and

magnesium and in the higher pH ranges, but
decreases rapidly during incubation. It may be
that the reaction of the rosette-forming cells,
which are less affected by these physical factors
and are more stable on incubation, is dependent
on immunological rather than physical proper¬
ties.
When testing antilymphocytic sera to deter¬

mine the degree of inhibition of rosette forma¬
tion, ionic concentration, pH, and time and tem¬
perature of incubation must be carefully con¬
trolled to obtain reproducible results, and it is
recommended that tests should be performed at
37 C using Hanks' BSS without calcium or mag¬
nesium, pH 7.4, as the suspending medium and
that readings should be taken after IV2 hr of
incubation.
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The Place of the Rosette Inhibition
Test in the Preparation and Assay

of Antilymphocytic Globulin1
D. F. Hogg, G. J. A. Clunie, H. Morton and
V. Hegh

Department of Surgery, University of
Queensland

An anti-dog thymocyte serum was prepared in six horses hy four weekly injections of dog
thymocytes, and was tested for immunosuppressive capacity during the course of immunization
hy its ability to inhibit the formation of rosettes between dog spleen cells and sheep red

blood cells.
Antithymocyte globulin prepared from the individual sera was administered to dogs receiving
renal allografts with simultaneous bilateral nephrectomy, and the prolongation of survival

was correlated with the rosette inhibition titres (RIT) of the sera.
A rise in serum RIT occurred after the third immunizing dose in all four horses producing
immunosuppressive serum, with little or no response in the two horses producing non-

immunosuppressive serum.
These observations have led to considerable saving in time and expense in the production
of antithymocyte globulin for experimental and clinical purposes in our own laboratories,
and we recommend that continued immunization and final bleeding out should be performed

only if such a rise in RIT has been demonstrated.

The place of heterologous antilymphocyte
globulin in clinical organ transplantation is now
well established (Starzl et alii, 1969; Najarian
et alii, 1969; Shiel et alii, 1971), but the pro¬
duction and utilization of such material is

1 Supported by Grants from the National Health
and Medical Research Council of Australia, and the
Mayne Bequest Fund of the University of Queens¬
land.
Presented at the 16th Scientific Meeting of the

Surgical Research Society, held at Kuala Lumpur,
May 4, 1973.
Reprints: Dr G. J. A. Clunie, Department of

Surgery, Princess Alexandra Hospital, Ipswich Road,
Woolloongabba, Q. 4102.

x88 Aust. N.Z. J. Surg., Vol. 43 — No. 2, September, 1973

limited by a number of factors. There is con¬
siderable variability of response of individual
animals to standard schedules of immunization
with recipient species lymphocytes (Binns et
alii, 1971 ; Morton et alii, 1973), and prelimi¬
nary testing for immunosuppressive activity
and for toxicity must be carried out. With anti-
human ALS this has involved experiments in
chimpanzees and monkeys (Balner et alii,
1968), resulting in considerable expense and
wastage of material. In an attempt to minimize
such in-vivo testing, a number of methods of
in-vitro assay have been proposed, including
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the rosette inhibition test of Bach and his col¬
leagues (1969).
A series of investigations has therefore been

carried out in an attempt to define the place
of this test in predicting the response of indi¬
vidual horses during the course of immuniza¬
tion with canine thymic cells, and these results
have been correlated with the survival of canine
renal allograft recipients treated with the result¬
ing equine antithymocyte globulin.

Materials and Methods

Antithymocyte Sera (ATS) Preparation
Six horses were immunized by the subcutaneous

injection of canine thymic cell suspensions at weekly
intervals for four weeks. The thymuses were
obtained from heparinized and exsanguinated out-
bred mongrel dogs, and the suspensions were prepared
by compression through stainless steel mesh. The
total number of cells received by each horse was
38-3 ±6-6 (SD) x 10°. No adjuvant was used. Five
weeks after the initial injection, the animals were
heparinized and bled out. Blood was collected in
sterile containers, and the plasma separated by sedi¬
mentation and centrifugation. The plasma was heated
to 56° C for 30 minutes to destroy complement, and
stored in two-litre volumes at -20°C, plasma from
each horse being stored separately except for horses
5 and 6, where the plasma was pooled before use.
Normal horse plasma was obtained from the animals
before immunization, and was treated in the same
manner.

Antithymocyte Globulin (ATG) Preparation
Antithymocyte globulin and normal horse globulin

(NHG) were prepared from the stored plasma by
the batch technique of Perper and his colleagues
(1967), using DEAE Sephadex A 50 (Pharmacia)
equilibriated at pH 6-5. The IgG was concentrated
by the addition of Lyphogel (Gellman Instrument
Co.), a selectively absorbent polyacrilamide hydrogel,
1 gm of which absorbs 5 gm of water from an
aqueous solution, and will exclude proteins and other
substances of molecular weight 20,000 or more.
Sufficient gel was added to produce a final IgG
concentration of 3 gm per 100 ml. The material was
sterilized by passage through a 0-22 n millipore filter,
and stored in 15 ml aliquots at -20° C until use.

In-vitro Assay
Serum samples taken before immunization, before

each thymus cell injection and before heparinization
at the final bleeding out, were inactivated and
tested for lymphagglutinating and lymphocytotoxic
antibodies, and for rosette inhibition titre (RIT).

Lymphagglutinin Titre
Lymphocyte suspensions were prepared from peri¬

toneal lymph nodes from heparinized and exsan¬
guinated dogs. The nodes were teased apart, and the
cells suspended in Hank's basic salt solution to a final
concentration of 10s lymphocytes per j»l. In all tests
the cell suspensions contained over 90% lymphocytes
with a greater than 90% viability and less than one

Aust. N.Z. J. Surg., Vol. 43 — No. 2, September, it

red cell per 50 lymphocytes. The cells were added
to an equal volume of ATS or ATG, serially diluted
in Hank's BSS. The mixture was incubated at 37° C
for two hours, and the titre recorded as the reciprocal
of the highest serum dilution to give microscopic
agglutination.

Lymphocytotoxic Titre
The method used was adapted from that described

by Terasaki and McClelland (1964). The ATS or
ATG was serially diluted in Hank's BSS, and equal
volumes (o-i ml) of the lymphocyte suspension
and of rabbit complement (Hyland), were added.
After incubation at 370 C for one hour, o-i ml of 5%
eosin solution was added, followed two minutes later
by o-i ml of 20% Formalin in normal saline. The
tubes were then filled with normal saline, centrifuged
at 200 G for 10 minutes, and the supernatant dis¬
carded. The stained lymphocytes were observed under
a phase contrast microscope, and the titre was
recorded as the reciprocal of the highest serum dilu¬
tion at which more than 30% dead cells were
recorded.

Rosette Inhibition Titre (RIT)
The titres were determined by the method described

by Bach and his colleagues (1969) as adapted by
Munro and his associates (1971), and ourselves
(Morton and Clunie, 1972). All preparatory work
was carried out at 4° C. Spleens from heparinized
and exsanguinated dogs were teased apart in Hank's
basic salt solution without calcium and magnesium,
which was used throughout the RIT studies when¬
ever Hank's solution has been mentioned. The heavy
particles were removed by sedimentation, and the
supernatant was centrifuged at 200 G for five minutes.
Distilled water (0-5 ml) was added to the button
of cells after centrifugation to haemolyse any red
cells present. After 20 seconds, the tube was filled
with Hank's solution, and the cells were washed and
centrifuged twice more. A final suspension of 15,000
spleen cells per /»1 was prepared. Again in all tests
the cell suspensions contained over 90% lympho¬
cytes with a greater than 90% viability and less
than one red cell per 50 lymphocytes.
Pooled guinea-pig serum (from six animals) was

absorbed with equal volumes of three times washed
sheep red blood cells (SRBC) and canine red cells
at 40 C for two hours, and stored at -20° C. Fresh
serum was prepared at monthly intervals, and was
diluted one part to five parts of Hank's solution
immediately prior to use. Fresh SRBC in Alsever's
solution were obtained weekly (Commonwealth
Serum Laboratories). The cells were stored at 4° C,
and were washed three times in Hank's solution
immediately prior to use. A final suspension of 105
cells per was prepared. The inactivated ATS or
ATG was diluted to 1 in 1,000 followed by serial
dilution to I in 64,000. The seven dilutions and a
control tube containing Hank's solution alone were
then tested for inhibition of the formation of rosettes
between dog spleen cells and SRBC. Dilutions below
1 in 1,000 were not used, since the test was invali¬
dated by the presence of lymphagglutinins. 0-25 ml
of the serially diluted ATS or ATG, 0-05 ml of
absorbed diluted guinea-pig serum, and o-i ml of
spleen cell suspension were incubated at 370 C for
il hours, o-i ml of SRBC suspension was then
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added, the tubes centrifuged at 200 G for five min¬
utes, the cells re-suspended by rotation on a Matburn
wheel at 10 rpm for five minutes, and the suspension
spread on a haemocytometer. The number of rosettes
per 10,000 spleen cells was counted, and the RIT
recorded as the reciprocal of the highest dilution of
serum in which there was a greater than 50%
inhibition of rosette formation.

In-vivo Tests
The immunosuppressive activity of the ATG pre¬

parations was tested by their ability to prolong renal
allograft survival in dogs by techniques described
previously (Clunie et alii, 1968). Donor and recipient
animals were outbred mongrel dogs weighing between
8 and 15 kg. ATG was administered subcutaneously
in a dose of I ml/kg per day starting on Day - 5, and
continuing until Day + 45, when the dose was reduced
to twice weekly, all treatment being discontinued on
Day +75 in animals which survived for that length
of time. Renal allotransplantation from indifferent
canine donors was performed on Day o, using stan¬
dard techniques of vascular and uretero-vesical
anastomosis. Control animals received no treatment,
or NHG on the same schedule as the ATG.

Results

Kidney Graft Survival
Credit for survival was limited to 100 days

in order to allow statistical comparison. Results
obtained are summarized in Table 1. None

Table i

Survival of Control and Treated Animals

Survival in Days
Group J-Test

Observed Mean
Values (SD)

Control (un¬ 17, 9, 10, 7, 10, 10-5 (3-1)
treated) 12, I 1, 8

NHG 9, JO, 00 0 0 9'4 (°-9)
ATG 1 38, 28, 11 25-7 (13-6) P<o-oi
ATG 2 23, 14, 12 16-2 (5-8) P>o-05
ATG 3 74, 34, 16 41-3 (29-7) P<o-oi
ATG 4 9, 16, 8 II -o (4*4) P>o-5
ATG 5/6 56, 67, 0cA 74'3 (22-9) P<o-ooi

of the control animals receiving NHG or no
treatment survived for longer than 17 days, the
mean survivals being 9-4 ± 0-9 (SD) days and
10-5 ±3-1 (SD) days respectively. The ATG
from horses 1 and 3 (25-7 ± 13-6 and
41-3 ± 29-7 days), and the combined prepara¬
tion from horses 5 and 6 (74-3 ± 22-9 days),
produced significant prolongation of survival
in comparison with the two control groups. In
contrast, material from horses 2 and 4 was
found to be quite ineffective, the results
obtained with these globulin preparations (16-2
±5-8 and n-o±4"4 days) showing no sig¬
nificant difference from those in the controls.

In-vitro Assay
The results of in-vitro assay of the ATS and

ATG preparations are summarized in Table 2.

Table 2

In-Vitro Assay of ATS and ATG Preparations

Final ATS (ATG) Titres Mean
Horse Survival

Lymph- Lymphocyto- in Days
agglutinin toxic R.I.T. (SD)

1 128(128) 1,024 (512) 16,000 (16,000) 25-7 (13*6)
2 256 (8) 512 (512) 1,000 (1,000) 16-2 (5*8)
3 64 (32) 1,024 (256) 8,000 (4,000) 41-3(29-7)
4 128 (32) 512 (128) <1,000 (< 1,000) II-O (4-4)
5/6 128 (32) 2,048 (2,048) 4,000 (2,000) 74'3 (22-9)

There was some loss of activity in the prepara¬
tion of the pure globulin fractions. The lymph-
agglutinating and lymphocytotoxic titres of the
ATS did not vary by more than two dilutions
(64-256 and 512-2,048 respectively), a varia¬
tion which is within the accepted error of the
technique. Thus neither lymphagglutinating
nor lymphocytotoxic titres allow clear separa¬
tion of effective and ineffective serum. On the
other hand, all ATS which showed immuno¬
suppressive activity had a RIT of 4,000 or
greater (Table 2), whereas the ineffective sera
had a RIT of 1,000 or less, giving a defined
separation of the two groups on the basis of
RIT. However, there was a wide spread of
kidney graft survival figures with the effective
sera (Figure 1), and the correlation of the
values of RIT and survival (r = 0-451) was not
high.
The tests performed on the samples of ATS

taken during the course of immunization of the
horses showed rapid and comparable rises in

KIDNEY GRAFT SURVIVAL [Days)

Figure i : Correlation between ATS rosette inhibi¬
tion titre and kidney graft survival time.
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lymphagglutinating and lymphocytotoxic litres
within a week of injection in all animals (Table
3). In contrast, there was no rise in RIT

Table 3
In-Vitro Assay at Weekly Intervals during the Course of Immunization

Lymph¬ Lympho¬
Horse Week agglutinin cytotoxic R.l.T.

1 0 0 0 <1,000
i 64 256 <1,000
2 128 512 —

3 256 512 4,000
4 128 1,024 16,000

2 0 2 0 <1,000
I 16 64 <1,000
2 64 128 <1,000
3 128 1,024 <1,000
4 256 512 1,000

3 0 0 0 <1,000
I 16 0 <1,000
2 16 1,024 <1,000
3 64 1,024 4,000
4 64 1,024 8,000

4 O 0 0 < 1,000
I 4 16 <1,000
2 32 256 <1,000
3 128 512 <1,000
4 128 512 <1,000

5 0 0 0 <1,000
1 32 512 <1,000
2 64 2,048 <1,000
3
4 64 1,024 4,000

6 0 2 0 <1,000
1 16 256 <1,000
2 128 512 <1,000
3 256 1,024 2,000
4 128 2,048 4,000

until after the third inoculation in horses pro¬
ducing immunosuppressive sera, and there was
either no rise at all or a minimal rise by the
time of bleeding out in the two animals pro¬
ducing ineffective sera. The results for horse
3 (immunosuppressive) and for horse 4 (non-
immunosuppressive) are shown graphically in
Figure 2 to further illustrate this difference.

Discussion

These experiments offer further proof of
the value of the rosette inhibition test as an

in-vitro test of immunosuppressive potency of
heterologous ATG, and demonstrate clear
separation between potent and ineffective sera
on the basis of the RIT. The low level of
statistical correlation may be due to the wide
variation in survival times of the outbred dog
population receiving kidney allografts, where
chance histocompatibility factors in the rela¬
tively small test groups could be expected to
lead to considerable differences in survival, even
with potent immunosuppression.

The results also demonstrate the lack of
value of both lymphagglutinating and lympho¬
cytotoxic antibody assays in assessing the res¬
ponse of individual animals during the course
of immunization, while a rise in RIT after the
third inoculation clearly demonstrated the pro¬
duction of immunosuppressive serum. As a
result of these studies we now abandon the
course of immunization if such a rise in RIT
has not been demonstrated at this stage. We
recommend that continued immunization and
final bleeding out should be carried out only
if such a response in RIT has been demon¬
strated. These observations have led to con¬

siderable saving in time and expense in the
production of ATG for experimental and
clinical use in our own laboratories.

: :l AT
Zji._ J

Figure 2: Representative demonstrations of the
development of the lymphagglutinin titre (AT),
lymphocytotoxic titre (CT) and rosette inhibi¬
tion titre (RIT) in two horses during immuniza¬
tion. Mean kidney graft survival times were
41-3 days (horse 3) and ii-o days (horse 4).
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SUMMARY

A series of skin allografts were carried out in rabbits receiving daily injections of
heterologous antilymphocyte serum prepared in four goats, three dogs and three
pigs. The most satisfactory prolongation of graft survival was obtained with goat
anti-rabbit ALS, although only two of the goats utilized produced an effective
anti-serum.
A significant overall correlation was established between graft survival time and

rosette inhibition titre, but not cytotoxicity or lymphagglutination titre. However,
although ineffective sera were poor rosette inhibitors and immunosuppressive sera

good inhibitors, a high titre was not always associated with a strong immuno¬
suppressive activity, at least when mixing results obtained with goat and pig ALS.

INTRODUCTION

Heterologous antilymphocytic globulin is now used as an immunosuppressive agent for
clinical organ transplantation in a number of centres (Traeger et al., 1968; Starzl et ah, 1969;
Najarian et al., 1969; Sheil et al., 1971), but its wider use has been restricted by uncertainty
regarding the immunosuppressive activity of particular preparations, and by a significant
and persisting incidence of unwanted side effects.
A series of investigations has therefore been carried out in an attempt to define the value

of the rosette inhibition test as an in vitro predictor of in vivo immunosuppressive capacity
as suggested by Bach et al. (1969), and to investigate possible alternative animal species as
serum donors.

MATERIALS AND METHODS

Antilymphocytic serum (ALS) preparation
Four goats, three dogs and three pigs were immunized by the subcutaneous injection of

Correspondence: Dr G. J. A. Clunie, Department ofSurgery, Princess Alexandra Hospital, Woolloongabba,
Queensland, 4102, Australia.
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rabbit spleen cell suspensions at weekly intervals for 4 weeks. The spleens were obtained
from heparinized and exsanguinated New Zealand white rabbits, and the suspensions were

prepared in Ringer's solution by gentle crushing in a ground-glass homogenizer. The total
number of nucleated cells injected was 4-7+ 0-4 (SD) x 107/kg body weight. Five weeks after
the initial injection, samples of blood were obtained for in vitro testing, and the animals were
heparinized before bleeding out. Blood was collected in sterile containers, and the plasma
separated by centrifugation. Plasma was sterilized by filtration and stored in 5-ml aliquots
at — 20°C. Normal goat serum, normal dog serum, and normal pig serum was obtained from
the animals before immunization, and was sterilized and stored in the same way.

In vitro assay

Sera were inactivated by heating to 56°C for 30 min, and were tested for lymphagglutinat-
ing and lymphocytotoxic antibodies, and for rosette inhibition. All glassware used was
scrupulously cleaned and rinsed free from detergent. Tests themselves were performed in
disposable plastic tubes, which were washed several times in distilled water and dried before
using.

Lymphagglutinating antibodies
Lymphocytes were obtained by homogenization of lymph nodes removed from exsan¬

guinated rabbits, and cell suspensions containing 106 lymphocytes/ml. were prepared. These
cells were added to an equal volume of antilymphocyte serum, serially diluted in Hank's
BSS. The mixture was incubated at 37°C for 2 hr, and the titre was recorded as the reciprocal
of the highest serum dilution to give microscopic agglutination.

Lymphocytotoxic antibodies
The test used was adapted from that described by Terasaki & McClelland (1964). In¬

activated serum was serially diluted in Hank's BSS, and to 0-1 ml of serum was added 0-1 ml
of the lymphocyte suspension and 0-1 ml of rabbit complement. After incubation at 37°C for
1 hr, 0-1 ml of 5% eosin solution in distilled water was added, followed 2 min later by 0-1 ml
of 20% formalin in normal saline. The tubes were then filled with normal saline, centri-
fuged at 200 g for 10 min, and the supernatant discarded. The stained lymphocytes were
examined under a phase contrast microscope and the titre was recorded as the reciprocal
of the highest serum dilution at which there were more than 30% dead cells.

Rosette inhibition test

The method used was basically that described by Bach et al. (1969) as adapted by Munro
et al. (1971) and ourselves (Morton & Clunie, 1972). All preparatory work was carried out
at 4°C. A spleen from an exsanguinated rabbit was homogenized in Hank's BSS (without
calcium and magnesium). The heavy particles were removed by sedimentation, and the
supernatant was centrifuged at 200 g for 5 min. 0-5 ml of distilled water was added to the
button of cells after centrifugation to haemolyse any red cells present. After 20 sec, the tube
was filled with Hank's BSS, and the cells were washed and centrifuged twice more. A final
suspension of 15,000 spleen cells per pi was prepared. In all tests, the cell suspension con¬
tained over 90% lymphocytes, with a greater than 90% viability, and less than one red cell
per fifty spleen cells.
Blood was collected from six guinea-pigs by cardiac puncture. The pooled guinea-pig
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serum was absorbed with equal volumes of three times washed sheep and rabbit red cells at
4°C for 2 hr. The serum was then stored at — 20°C, and thawed and diluted one part to five
parts Hank's BSS immediately prior to use. Fresh serum was prepared at monthly intervals.
Fresh sheep red blood cells (SRBC) in Alsever's solution were obtained weekly. These cells
were stored at 4°C, and washed three times in Hank's BSS prior to use. A final suspension
of 105 cellsIfil was prepared.
The inactivated antilymphocytic sera were diluted to 1 in 1000 in Hank's BSS, followed

by serial dilution to 1/1024,000. The eleven dilutions and a control tube containing Hank's
BSS alone were tested for rosette inhibition. Dilutions below 1 in 1000 were not tested, since
the test was invalidated by the presence of lymphagglutinins at these levels. 0-25 ml of
serially diluted ALS, 0-05 ml of absorbed diluted guinea-pig serum, and 0-1 ml of spleen cell
suspension were incubated at 37°C for 1 \ hr. 0-1 ml of SRBC suspension was then added, the
tube centrifuged at 200 g for 5 min, the cells resuspended by gentle hand rotation for 5 min,
and the suspension spread on a haemocytometer. The number of rosettes per 10,000 spleen
cells was counted. The titre was recorded as the reciprocal of the highest dilution of serum
in which there was a greater than 50% inhibition of rosette formation.

In vivo tests

The antilymphocytic sera were tested for immunosuppressive activity by their ability to
prolong skin graft survival in rabbits. Donor and recipient animals were outbred New
Zealand white rabbits weighing between 2 and 2-5 kg. The sera were injected subcutaneously
in a dose of 2 mg/kg body weight at daily intervals, starting 5 days before skin grafting and
continuing until graft rejection. The grafts were performed by removing three full thickness
circles of skin each in diameter from the recipient rabbit's earwith a cork borer. Two of the
circles were replaced by allografts from untreated random donors, and one of the segments
of skin was replaced as an autograft to act as a technical control. Grafts were examined
daily and were considered to be rejected when they became palpably thickened and dark.
Blood samples were taken from the recipients twice weekly for estimation of antispecies
antibodies. These tests were carried out using the double diffusion technique of Ouchterlony
(1958), serial dilutions of the serum from graft recipients being placed in the peripheral wells
of the immunodiffusion plates, and normal serum from the serum donor species in the cen¬
tral well before incubation at 37°C for 48 hr.

RESULTS

Skin graft survival
The results are summarized in Table 1. None of the untreated control grafts, or grafts in

animals receiving normal goat, pig or dog serum, survived for longer than 11 days, and the
two groups showed a mean survival of 7-4+1 -5 (SD) days.
The ALS from the three dogs tested gave no significant prolongation of survival time

(P> 0-5). The pig ALS showed consistent although only moderate prolongation of survival
with a mean of 14-2+ 0-9 (SD) days (P<0-05). The most satisfactory prolongation was
obtained with two of the goat sera, graft survival time with the material from these two
animals being 20-3 + 5-6 (SD) and 21-0 + 6-5 (SD) days respectively (Z'<0-01). The serum
from the remaining two goats was quite ineffective, with no significant prolongation of sur¬
vival in comparison with the control animals (P>0-5).
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Antispecies antibody tests
Antibodies specific for the serum of the ALS donor species were detected in the sera of all

rabbits receiving ALS 10 days after the injections of ALS were started. The reciprocal titres

Table 1. Skin graft survival

Survival in days
Group Number of Treatment

animals Observed values Mean SD

1 6 Nil 8,7, 5, 6, 8,6 6-7 1-1

2 7 Normal goat, 11,8,7,7,6,10,7 8-0 1-7

pig or dog
serum

3 3 Goat ALS I 15,18,28 20-3 5-6

6 II 8,9,10,8,14,10 9-8 2-0

3 III 10,11,11 10-7 0-5

3 IV 15,18,30 210 6-5

4 2 Pig ALS I 14,16 15-0 1-0
2 II 14,14 140 00
2 III 14,13 13-5 0-5

5 2 Dog ALS I 11,11 110 00

2 11 11,11 11-0 00
2 III 9,13 110 2-0

Table 2. Skin graft survival and in vitro assay

Goat ALS Pig ALS Dog ALS

I II III IV I II III I II III

Survival time of

graft (days)
Lymphagglutinins
Lymphocytotoxins
Rosette inhibition

20 10 11 21 15 14 14 11 11 11

64 128 128 128 128 256 256 128 256 256

128 32 128 64 64 16 64 8 64 16

8,000 1,000 <1,000 16,000 — 8,00016,000 <1,000 1,000 1,000

varied between 1 and 16, and there was no correlation with donor species or with time
of survival of skin grafts in the rabbits.

In vitro assay

The results are summarized in Table 2, and in Figs 1-3. There was no significant correla¬
tion between skin graft survival time and either lymphagglutinin or lymphocytotoxic titres
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(P>0T0 in both cases). In contrast, there was significant correlation between rosette inhibi¬
tion titre and graft survival time (P<0-01). Although low rosette inhibition titres were
always associated with minimal or no prolongation of graft survival time, the reverse was
not always true, and high titres with material from Pigs II and III resulted in only modest
prolongation (Table 2).

Fig. 3. Correlation between rosette inhibition titre and skin graft survival time.

DISCUSSION

The optimal animal species for the production of heterologous antilymphocytic serum for
clinical use has not yet been defined. Initial clinical investigations were carried out with
material prepared in the rabbit (Monaco, Wood & Russell, 1967), and in the horse (Starzl
etal., 1967;Traeger et al, 1968; Woodruff et al., 1969), and both animals appear to produce
potent sera. The horse has been the preferred animal for clinical use because of its size,
allowing large volumes of serum to be collected, but there has been a significant and dis¬
turbing incidence of side effects with equine ALS. There have also been considerable diffi¬
culties in preparing purified fractions for clinical use because of the complex immuno¬
globulin system of the horse (Starzl et al., 1969).
Investigations have therefore been carried out by a number of groups in an attempt to

define alternative animal species to act as serum donors, the prerequisites being an animal
of reasonable size, capable of producing potent immunosuppressive serum, which is easily
fractionated to produce pure active and yet non-toxic material. Sheep ALS was effective
in prolonging graft survival in dogs (Halpern et al., 1969), but other workers have found such
material to be of little value (Pichlmayr, Brendel & Zenker, 1967; Binns et al., 1971). Dog
anti-mouse ALS has been ineffective (Jeejeebhoy, 1967), and the present experiments confirm
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the lack of effect of canine anti-rabbit material. Cow anti-dog ALS appears to be of limited
value (Pichlmayr eta/., 1967; Clunie et al., 1969; Binns etal., 1971). Some variation has been
found with pig anti-mouse ALS (Binns et al., 1971), but the results obtained with pig anti-
rabbit ALS in the present series of experiments suggest that the pig is worthy of further
exploration as an alternative serum donor for other experimental animals and man. A
similar variation has been found with goat anti-dog and anti-mouse ALS (Clunie et al.,
1969; Southwart et al., 1970; Binns et al., 1971). Some of these discrepancies can perhaps be
explained by the findings in the present series, where two goats produced a highly effective
anti-rabbit ALS, while the material from two other goats undergoing identical immunization
schedules produced material which was quite ineffective. Thus experiments reporting results
with ALS from single animals or small numbers of animals must be interpreted with con¬
siderable caution, since there appears to be considerable variability in the capacity of
animals within species to produce effective anti-sera.
Goat anti-human antilymphocytic globulin is now in clinical use in several transplant

centres (Starzl et al., 1969; Sheil et al., 1971), and appears to be effective while causing little
in the way of side effects. However, the assay of particular preparations for clinical use
remains a serious problem, and results in considerable expense and wastage, especially when
preliminary testing for activity and toxicity has to be carried out in chimpanzees or monkeys
(Balner et al., 1968). For this reason, considerable interest has been expressed in the sug¬
gestion by Bach et al. (1969), that the inhibition of rosette formation on exposure to anti¬
lymphocytic globulin forms a simple and reliable test for immunosuppressive activity. In the
present series of experiments, the now well recognized lack of correlation between graft
survival time and lymphocytotoxic and lymphagglutinating activity was again demonstrated,
but a significant correlation was established between graft survival time and rosette inhibi¬
tion titre. This was particularly so with the goat ALS, where cytotoxic and lymphagglutin¬
ating titres were all similar, but the rosette inhibition indicated two effective sera. However,
it should be noted that while only a minor degree of inhibition was demonstrated by ineffec¬
tive sera, a high titre was not always associated with strong in vivo activity. Thus a relatively
high inhibition titre with all three pig sera was not matched by such a marked prolongation
of skin graft survival, and extrapolation of titre scale from one species to another may raise
difficulties in interpretation. Some reservation should be expressed regarding utilization of
rosette inhibition as the sole test of potency of particular preparations of antilymphocytic
serum or globulin. It is apparent that continuing investigation of this and other proposed
tests of immunosuppressive activity is necessary.
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Summary. In an investigation into the characteristics of the rosette-inhibiting
antibody of antilymphocyte serum (ALS), rabbit anti-mouse ALS were assayed
for antibodies against lymphoid cells from the spleen, lymph nodes and thymus
of Quackenbush (Q) mice, and against spleen cells from athymic nude mice.
The lymphagglutinating and lymphocytotoxic titres were similar with both Q
and nude cells, and the titres showed no significant correlation with skin graft
survival times in mice receiving the corresponding ALS. A significant depletion
of peripheral blood lymphocytes occurred in animals receiving both an immuno¬
suppressive and a non-immunosuppressive ALS, suggesting that the antibodies
involved in this depletion are not significant in determining the immuno¬
suppressive activity of ALS.

In contrast, the rosette inhibition titres showed a significant correlation with
graft survival times in the results obtained in tests using Q spleen, lymph node
and thymus cells. No inhibition of rosette formation was obtained when using
nude spleen cells. However, the numbers of spontaneous rosettes formed by both
the mixed B and T cell populations from Q spleen were not significantly different
from the numbers formed by the largely B cell population from nude spleen.

These results confirm that the antibodies of ALS which are responsible for
both the in vitro inhibition of spontaneous rosette function and the in vivo
suppression of graft rejection are specifically directed against a T cell population,
and it is suggested that the antibodies are related if not identical.

INTRODUCTION.

The immunosuppressive activity of ALS appears to result from a selective
depletion of lymphocytes of the recirculating pool (Lance, 1970; Mitchison,
1971), but the precise mechanism of this action is still not clear.

Since the rosette inhibition test forms a reliable in vitro assay for the
immunosuppressive action of ALS (Bach el al., 1969; Morton, Hegh and Clunie,
1973; Hogg et al., 1973), it seems possible that the rosette-inhibiting antibody
may also be the agent directed against recirculating lymphocytes in vivo. This
series of experiments with rabbit anti-mouse ALS has been designed to investigate
this postulate.
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Materials and Methods.

Preparation of rabbit antilympliocyte serum (RALS).
The procedure used was essentially that described by Gosso, Wood and Monaco (1972).

Four New Zealand white rabbits were injected subcutaneously with spleen cells from albino
Quackenbush mice. The injection suspension contained 0-5 ml of three times washed spleen
cells in saline, emulsified in 0-5 ml of Freund's adjuvant. Four weeks later each rabbit
received an intravenous injection of 0-5 ml of washed spleen cells in saline on each of
3 successive days. Three further rabbits were immunised in the same manner, using mouse
thymus cells instead of spleen cells. The total dose received by each rabbit was 6-6
(SD 0-3) x 108 nucleated cells.

Each rabbit was bled 30 ml from the ear vein on the 7th, 9th and 11th days following
the last cell injection. The serum from the three bleeds of each rabbit was pooled, inactivated
and stored at —30°.

In vitro assays.

Lymphocytotoxic and lymphagglutinating antibodies were estimated using mouse spleen
cells as described previously (Morton et al.. 1973), lyophilized guinea-pig complement being
substituted for rabbit complement in the cytotoxicity testing.

The rosette inhibition titre (RIT) was determined by a modification of the technique
described previously (Morton et al.. 1973). The spleen from an exsanguinated mouse was
teased apart in Hank's basic salt solution (BSS) without calcium or magnesium. The heavy
particles were removed by sedimentation and the supernatant centrifuged at 200 g for 5 min.
Distilled water (0-25 ml) was added to the button of cells after centrifugation to haemolyse
any red cells present. After 5 sec the tube was filled with Hank's BSS and the cells were
washed and centrifuged once more. A final suspension of 15,000 spleen cells/pl was prepared.
In all tests the cell suspension contained over 95% lymphocytes, with a greater than 90%
viability and less than one red cell per 50 lymphocytes.

Fresh human red blood cells (HRBC) were obtained daily from the same donor and
washed three times in Hank's BSS prior to use, a suspension of 105 cells/pl being prepared.
Pooled guinea-pig serum from 6 animals was absorbed with equal volumes of washed HRBC
and mouse red blood cells (MRBC) at 4° for 2 h before storage at —30°. Fresh absorbed
guinea-pig serum was prepared at monthly intervals, and was diluted one part to four parts
of Hank's BSS immediately prior to use.

The inactivated RALS was diluted 1 in 103 in Hank's BSS followed by serial dilution
to 1 in 4 x 10°. The 23 dilutions and a control tube containing Hank's BSS alone were then
tested for the formation of rosettes between mouse spleen cells and HRBC. Dilutions below
1 in 103 were not used, as the test was invalidated by the presence of agglutinating and
cytotoxic antibodies. The serially diluted RALS (0-25 ml), absorbed diluted guinea-pig serum
(0-05 ml) and spleen cell suspension (0-1 ml) were incubated at 37° for VA h. After
incubation, HRBC suspension (0.1 ml) was added, and the tubes immediately centrifuged at
200 g for 5 min. The cells were then resuspended by rotation on a Matburn wheel at
10 rev/min for 5 min and the suspension spread on a haemocytometer. The number of rosettes
per 1,500 spleen cells, formed in each serum dilution, was counted, and the rosette inhibition
titre was recorded as the reciprocal of the highest dilution of serum in which the number of
rosettes was less than 75% of the control test.

The test was also performed in parallel substituting sheep red blood cells (SRBC) for
HRBC. The SRBC in Alsever's solution were obtained weekly (Commonwealth Serum
Laboratories), kept at 4° and washed three times in Hank's BSS prior to use. Pooled guinea-
pig serum for these tests was absorbed with washed pooled SRBC and MRBC before use.

Absorption experiments.
The RALS to be absorbed was diluted 1 in 10:i. Lymphocytes were prepared from the

spleen, lymph nodes and thymus of Quackenbush mice (Q cells) and the spleen of outbred
athymic nude (nu/nu) mice (nude cells). The cells were prepared as described for the
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rosette inhibition test, enough animals being sacrificed to produce 0 • 1 nil of packed cells.
Three times washed MRBC and HRBC were also prepared and packed. Washed and packed
Quackenbush mouse kidney tissue was obtained following gentle homogenisation. Aliquots
(0-6 ml) of the diluted RALS were absorbed for 2 half-hour periods at 37°, each absorption
being carried out with 0-05 ml of the appropriate packed cells. The RIT of each of the
absorbed preparations of RALS was then determined using Q spleen cells and HRBC.

In vivo tests.

Each RALS was tested for its immunosuppressive activity by its ability to prolong skin
allograft survival time. Inbred CABH black mice were used as donors and outbred albino
Quackenbush mice as recipients. The mice were anaesthetised with an intraperitoneal injection
of pentabarbitone sodium 0-075 mg/g body weight. A full thickness graft, 1 cm in diameter,
was sutured to a similar sized defect created in the thoracic area and covered with gauze and
Plaster of Paris bandage. After 8 days the bandages were removed and the grafts examined
daily thereafter. The grafts were recorded as being rejected when they became discoloured
and hard to palpation.

Twenty-four mice divided into 8 groups received skin grafts. The first control group
received no treatment and the remaining 7 groups each received one of the preparations of
RALS. RALS was administered subcutaneously to the recipient mice in doses of 0-1 ml
3 times a week, commencing 1 week before grafting. Treatment was discontinued at the time
of rejection or at 21 days after grafting if rejection had not occurred.

A further group of mice was used to test the in vivo effect of RALS on the peripheral
lymphocyte count of injected mice. Thirty mice were divided into 3 groups, the first group
receiving an immunosuppressive RALS (R714), the second group a non-immunosuppressive
RALS (R715) and the third group receiving no treatment. The groups receiving RALS were
given a dose (0-1 ml) of RALS on day 1 and on day 3. On days 0 and 4 all mice were
bled from the tail vein and the blood collected into EDTA. Total and differential leucocyte
counts were performed on all samples by standard methods.

RESULTS.

In vitro assays and skin allografts.
The reciprocal titres of lymphagglutinating, lymphocytotoxic and rosette-

inhibiting antibodies against Q spleen cells for each RALS are recorded in
Table 1, together with the mean skin graft survival time (MST) for each test
group. There was no correlation between skin graft survival time and either
lymphagglutinating or lymphocytotoxic titre. Five of 7 RALS (R709, R711, R714,
R716 and R719) showed a high RIT and produced a significant prolongation of
graft survival (p < 0-01), while the remaining 2 RALS (R713 and R715)
showed a low RIT and gave no significant prolongation of graft survival
(p > 0 05). There was a significant correlation (p < 0-02) between RIT and
skin graft survival time.

The RIT of each serum was tested in parallel using both HRBC and SRBC.
In a group of 20 mice the mean number of spontaneous rosettes formed between
Q spleen cells and HRBC was 19 1 (S.D. 8 0) rosettes per 1,500 spleen cells,
whereas the mean number formed with SRBC was 14 0 (S.D. 6 0) rosettes per
10,000 spleen cells. However, in spite of this marked difference in the number
of spontaneous rosettes formed with the differing species of red cells, the RIT
did not differ by more than one dilution in the two test systems (Table 1).
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Using spleen cells from a group of 20 nude mice for the formation of
spontaneous rosettes with HRBC, the mean number of rosettes formed was 16 • 0
(S.D. 8-5) per 1,500 nude cells as compared with 19-1 (S.D. 8-0) per 1,500 Q
cells. With nude spleen cells and SRBC the mean number of spontaneous
rosettes was 14-8 (S.D. 4-9) per 10,000 nude cells as compared with 14 0
(S.D. 6 0) per 10,000 Q cells. The titres of lvmphagglutinating, lvmphocytotoxic
and rosette-inhibiting antibodies against nude spleen cells are recorded in Table 2.

TABLE 1.

Reciprocal titres ofantibodies in RALS against Q spleen cells.

Lymphagglutinin Lymphocytotoxic
R1T

HRBC
R1T
SRBC

MST (S.D.)
in days

R 709 64 128 64 x 105 64 x 106 18-0 (1-7)

R 711 64 128 2 x 10" 1 x 109 19-1 (1-0)

R 713 64 64 * 2x 103 13-5 (2-5)

R 714 128 64 8 x 106 4 x 106 23-7 (6-1)

R 715 64 32 <2 x 103 <1 x 103 10 0 (1-4)

R 716 64 64 64 x 106 32 x 106 250 (20)

R 719 64 32 4 x 109 4 x 109 26-3 (2-6)

Untreated control 9-2 (1-7)

* Result invalidated by increased rosette formation.

TABLE 2.

Reciprocal titres ofantibodies in RALS against nude spleen cells.

Lymphagglutinin Lymphocytotoxic RIT SRBC

R 709 64 128 <1 x 103

R 711 64 64 <1 x 103

R 713 128 64 <1 x 103

R 714 128 64 <1 x 103

R 715 32 32 <1 x 103

R 716 64 32 <1 x 103

R 719 64 64 <1 x 103

Titres of agglutinating and cytotoxic antibodies did not vary by more than one
dilution from those obtained with Q spleen cells. However, there was no detect¬
able inhibition of rosette formation between nude spleen cells and SRBC by
any of the 7 RALS tested, in striking contrast with the inhibition obtained with
immunosuppressive RALS with Q spleen cells. These results indicate that there
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is no significant difference (p > 01) in spontaneous rosette formation whether
using nude or Q spleen cells, but that the spontaneous rosettes formed by nude
spleen cells are not inhibited by an immunosuppressive ALS.

The results of rosette inhibition tests using HRBC and nude spleen cells
were invalidated in low dilutions by the presence of a rosette stimulating
antibody (unpublished observations).

In order to test the possible variation in RIT with lymphoid cell types,
Q spleen, lymph node and thymus cells were tested for formation of spontaneous
rosettes with HRBC. The number of spontaneous rosettes was consistently less
with Q thymus cells than with Q lymph node and spleen cells, e.g., in one
experiment using cells taken from the same mouse there were 16 rosettes per
1,500 thymus cells compared with a mean of 36 (S.D. 1-7) rosettes per 1,500
spleen cells or lymph node cells. However, the RIT was identical with cells from
the three different sources.

Absorption experiments.
Aliquots of one of the immunosuppressive RALS (R709) were absorbed

with lymphoid cells from Q spleen, Q lymph nodes, Q thymus and nude spleen.
Three control absorptions were performed using MRBC, HRBC and Q kidney
tissue, to test for non-specific absorption. The RIT (using Q spleen cells and
HRBC) was determined for each absorbed specimen. The results (Table 3)
indicate that, in comparative studies using a similar volume of cells, the rosette-
inhibiting antibodies were absorbed by exposure to Q spleen cells and Q lymph
node cells but not by Q thymus cells or nude spleen cells. There was no non¬
specific absorption of the antibody by MRBC, HRBC or Q kidney tissue.

TABLE 3.

RALS RIT using Q spleen cells and HRBC following absorption.

Serum R 709 RIT

Unabsorbed 64x I06

Absorbed with

Q spleen 4 x 103

Q lymph node 4x 103

Q thymus 64 x I06

Nude spleen 64 x 106

MRBC 64 x 106

HRBC 64 x 106

Q kidney 64 x 106

Peripheral lymphocyte counts.
The mean peripheral lymphocyte count of the 10 mice in the group receiving

RALS 11714 (RIT 8 x 10", MST 23-7 days) was 7,000 (S.D. 2,808) cells per pA
before treatment and 3,200 (S.D. 894-4) cells per pA after treatment. The mean
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of the counts in the group receiving RALS R715 (RIT < 2 x 103, MST 10 0 days)
was 8,429 (S.D. 2,551) cells per /xl before treatment and 901 (S.D. 740) cells
per /xl after treatment. In the control group the mean lymphocyte count on
day 0 was 6,300 (S.D. 2,727) cells per /xl and on day 4 was 7,400 cells (S.D.
2,125) per /xl. These results show a significant fall in peripheral lymphocytes
(p < 0-01) after injection of RALS, whether or not the serum is immuno¬
suppressive.

DISCUSSION.

The formation of spontaneous rosettes between lymphoid cells from non-
immunised mice and sheep red blood cells has been investigated extensively.
It appears that both R and T cells are capable of acting as rosette-forming cells
(RFC), the precise proportions of each cell type in a given population varying
with the cell source and with the techniques involved in identification (Greaves
and Moller, 1970; Wilson and Miller, 1971; Bach and Dardenne, 1972a; Bach
and Dardenne, 1973).

Antilymphocyte serum appears to achieve its immunosuppressive action by
a selective depletion of T cells of the recirculating pool, perhaps by a coating of
susceptible lymphocytes by specific antibody (Lance, 1970). The most satis¬
factory in vitro assay of this in vivo capacity is provided by the rosette inhibition
test (Bach et al., 1969; Morton et al., 1973; Hogg et al., 1973). Thus, a study of
these mechanisms provides an opportunity for a more precise investigation of
the mode of action of ALS.

The results of the present experiments confirm that the cells involved in
the inhibition of rosette formation following in vitro exposure to RALS are T
rather than B cells. There was no detectable inhibition with athymic nude spleen
cells using either an immunosuppressive or a non-immunosuppressive RALS, but
significant inhibition using immunosuppressive RALS with Q spleen cells. How¬
ever, in spite of this clear differentiation between nude and Q spleen cells in the
rosette inhibition test, the number of spontaneous rosettes formed was not
significantly different.

After exposure to an immunosuppressive ALS, the rosette formation was
never inhibited below 40% of the control test (Morton, Hegh and Clunie, 1974).
Immunofluorescent studies carried out in this laboratory have shown that a
mean of 40-5% (S.D. 4-0) of a Q spleen cell population are B cells.

Thus, the observation that similar numbers of spontaneous rosettes are
formed by the B cells of nude spleen, and the mixed B and T cell population
of Q spleen, supports suggestions by Bach and Dardenne (1972a) that approx.
2/3 of spontaneous rosette-forming cells in the unimmunised mouse spleen are
T cells, and 1/3 B cells. Although it has been demonstrated that a small percen¬
tage of nude spleen cells are theta-positive, the immunological competence of
these cells is still controversial (Raff, 1973). In these circumstances, it can be
assumed that nude cells are a B cell population.
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There was no difference in the titres of RALS lymphagglutinating and
lymphocytotoxic antibodies with nude or Q spleen cells and no correlation of
these titres with immunosuppressive activity. A significant depletion of peri¬
pheral blood lymphocytes occurred in vivo following administration of both
an immunosuppressive and a non-immunosuppressive ALS, and these findings
together suggest that the antibodies involved in this depletion of lymphocytes
are not significant in determining the immunosuppressive activity of ALS.

Both spleen cells and thymus cells were used in the preparation of RALS
for these experiments, and both provided immunosuppressive material. However,
in the absorption studies, in contrast with the findings of Bach and Dardenne
(1972b), Q thymus cells in the concentration used did not affect the RIT of
an anti-spleen cell RALS, whereas the activity was absorbed by both Q spleen
and lymph node cells, and not by nude spleen cells, as could have been expected.
This finding is probably related to potency of ALS and to differences in the
numbers of cells of the T cell sub-groups in thymus and spleen, and is consistent
with the T1-T2 hypothesis of Raff and Cantor (1971) and the more recent
observations of Bach and Dardenne (1973) and Shortman and Jackson (1974),
since only a small proportion of thymus T cells are of the T2 peripheral type
which are particularly sensitive to ALS.

It is clear that further studies of the nature and structure of the immuno¬

suppressive and the rosette-inhibiting antibodies of ALS are required, but these
preliminary findings offer some evidence in support of the postulate that the
antibodies are related if not identical.
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SYNOPSIS

The rosette inhibition test, used in evaluating antilymphocyte serum
(ALS) for immunosuppressive activity, has been modified by the use of human
red blood cells in place of sheep red blood cells. An unexpected finding was
the detection of an antibody which had the property of increasing rosette
formation in low dilutions of ATS. This stimulation of in vitro rosette forma¬
tion appears to result from immune adherence, and the antibody concerned is
specifically antilymphocyte. The antibody appears to be of no importance in
detecting the in vivo immunosuppressive activity of ALS. but its possible
presence should be recognised during in vitro testing.

Introduction

The rosette inhibition test has been used extensively in the testing of anti¬
lymphocyte serum (ALS) for immunosuppressive activity (Bach et al. (1969),
Morton and Clunie ( 1973), Hogg et al. (1973)). We have recently modified the
procedure in testing anti-mouse ALS by the use of human red blood cells (HRBC)
in place of sheep red blood cells (SRBC) (Morton, Hegh and Clunie (1975)).
HRBC and mouse spleen cells formed 10 to 20 spontaneous rosettes per
1,000 spleen cells compared with 1 to 2 formed by SRBC, offering clear advan¬
tages in terms of accuracy and cell numbers. An unexpected finding resulting from
this change in technique was the detection of an antibody which apparently had

Address for Correspondence: Professor G. J. A. Clunie, Department of Surgery, Princess
Alexandra Hospital, Ipswich Road, Woolloongabba, Qld., 4102.
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the property of increasing rosette formation in vitro in low dilutions of ALS. A
series of experiments were therefore carried out in order to determine the nature
of this antibody and the mechanism of reaction.

Materials and Methods

Preparation of Antilymphocyte Serum
Rabbit antilymphocyte serum (RALS) was prepared as described by Goz-

zo, Wood and Monaco (1972). Four New Zealand white rabbits were injected
subcutaneously with spleen cells from albino Quackenbush mice. The injection
suspension contained 0.5 ml of three times washed spleen cells in saline, emulsified
in 0.5 ml of Freund's adjuvant. Four weeks later, each rabbit received an intra¬
venous injection of 0.5 ml of washed spleen cells in saline on each of three suc¬
cessive days. Three further rabbits were immunised in the same manner, using
mouse thymus cells instead of spleen cells.

Each rabbit was bled 30 ml from the ear vein on the seventh, ninth and
eleventh days following the last cell injection. The serum from the three bleeds of
each rabbit was pooled, inactivated and stored at —30°C.
In Vitro Assays

The haemagglutinating antibodies were assayed using washed pooled mouse
red blood cells (McKenzie et al., 1969). The lymphagglutinating and lymphocyto-
toxic antibodies were determined by the method described by Morton, Hegh and
Clunie (1973), using Quackenbush mouse (Q) spleen cells.

The rosette inhibition titre (R1T) was determined by the technique de¬
scribed previously (Morton, Hegh and Clunie (1975)). The spleen from an
exsanguinated mouse was teased apart in Hank's balanced salt solution (BSS) with¬
out calcium or magnesium. The heavy particles were removed by sedimentation,
and the supernatent centrifuged at 200 g for 5 minutes. Distilled water (0.25 ml)
was added to the button of cells after centrifugation to haemolise any red cells
present. After 5 seconds, the tube was filled with Hank's BSS, and the cells were
washed and centrifuged once more. A final suspension of 15,000 spleen cells///.!
was prepared. In all tests the cell suspension contained over 95% lymphocytes,
with a greater than 90% viabilty and less than one red cell per 50 lymphocytes.

Fresh HRBC were obtained daily from the same donor, and washed three
times in Hank's BSS prior to use, a suspension of 10r'/p\ being prepared. Pooled
guinea pig serum (from 6 animals) was absorbed with equal volumes of washed
HRBC and mouse red blood cells (MRBC) at 4°C for 2 hours before storage at
—30°C. Fresh absorbed guinea-pig serum was prepared at monthly intervals, and
was diluted one part to 4 parts of Hank's BSS immediately prior to use.

The inactivated RALS was diluted 1 in 103 in Hank's BSS followed by
serial dilution to 1 in 4 X I0L The 23 dilutions and a control tube containing
Hank's BSS alone were then tested for the formation of rosettes between mouse

spleen cells and HRBC. Dilutions below 1 in 10:! were not used since the test was
invalidated by the presence of agglutinating and cytotoxic antibodies. The serially
diluted RALS (0.25 ml), absorbed diluted guinea pig serum (0.05 ml) and spleen
cell suspension (0.1 ml) were incubated at 37°C for H hours. After incubation,
HRBC suspension (0.1 ml) was added, and the tubes immediately centrifuged at
200 g for 5 minutes. The cells were then resuspended by rotation on a Matburn
wheel at 10 rpm for 5 minutes, and the suspension spread on a haemocytometer.
The number of rosettes per 1500 spleen cells formed in each serum dilution was
counted, and the rosette inhibition titre was recorded as the reciprocal of the high-
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TABLE 1

The Reciprocal titres of antibodies in RALS against Q cells

RALS Haem.
Aggs.

Lymph
Aggs.

Lymph
Cyto.

RIT
{HRBC)

IRFT
{HRBC)

MST (S.D.)
(Days)

709 512 64 128 64 x 10" 64,000 18.0 (1.7)
711 1024 64 128 2 x 10" 8,000 19.1 (1.0)
713 128 64 64 * 32,000 13.5 (2.5)
714 1024 128 64 8 x 10t; 4,000 23.7 (6.1)
715 256 64 32 <2 x 103 2,000 10.0 (1.4)
716 128 64 64 64 x 10,; 8,000 25.0 (2.0)
719 128 64 32 4 x 10" 2,000 26.3 (2.6)

* Results invalidated by increased rosette formation.

est dilution of serum in which the number of rosettes was less than 75% of the
control test.

The increased rosette formation titre (IRFT) was recorded as the reciprocal
of the highest dilution of RALS in which the number of rosettes formed was 125%
or more of the number in the control test. These tests were performed in parallel
using O spleen cells and athymic (nu-nu) mouse (nude) spleen cells. In both
instances, rosette formation was determined using SRBC substituted for HRBC.

The SRBC in Alsever's solution were obtained weekly (Commonwealth
Serum Laboratories), kept at 4°C, and washed three times in Hank's BSS prior to
use. Pooled guinea pig serum for these tests was absorbed with washed pooled
SRBC and MRBC before use.

A bsorption Studies
The RALS were absorbed, in the presence of complement, with washed

packed O spleen cells, Q lymph node cells, Q thymus cells, nude spleen cells, Q
kidney tissue, MRBC or HRBC. The cells were prepared as described for the
rosette inhibition test, enough animals being sacrificed to produce 0.1 ml of packed
cells. Aliquots (0.6 ml) of the RALS (diluted 1 in 10s) were absorbed for 2 half
hour periods at 37°C, each absorption being carried out with 0.05 ml of the appro¬
priate packed cells in the presence of 0.1 ml absorbed diluted guinea pig serum as
a source of complement. The absorptions were also performed in the absence of
complement. The IRFT of each of the absorbed preparations of RALS was then
determined.

TABLE 2

IRFT in RALS using Q spleen cells or nude spleen cells to form rosettes with HRBC or
SRBC

Tested Against HRBC Tested Against SRBC

Q Spleen Nude Spleen Q Spleen Nude Spleen
Cells Cells Cells Cells

R709 64,000 64,000 <1,000 <1,000
R711 8,000 8,000 <1,000 <1,000
R713 32,000 16,000 <1,000 <1,000
R714 4,000 4,000 <1,000 <1,000
R715 2,000 4,000 <1,000 <1,000
R716 8,000 8,000 <1,000 <1,000
R719 2,000 4,000 <1,000 <1,000
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TABLE 3

IRFT in RALS before and after absorption

Serum 709 IRFT

Unabsorbed 64,000

Absorbed with:
Q Spleen 4,000
Q Lymph Node 4,000
Q Thymus 16.000
Nude Spleen 1,000
Q Kidney 64,000
MRBC 64,000
HRBC 64,000

In Vivo Tests

Each RALS was tested for its immunosuppressive activity by its ability to
prolong skin allograft survival time. CABH black mice were used as donors and
albino Quackenbush mice as recipients. Twenty-four mice divided into 8 groups
received skin grafts. The first control group received no treatment, and the remain¬
ing 7 groups each received one of the preparations of RALS. RALS was ad¬
ministered subcutaneously to the recipient mice in doses of 0.1 ml 3 times a week,
commencing one week before grafting. Treatment was discontinued at the time of
rejection or at 21 days after grafting if rejection had not occurred.
Fractionation

Serum was fractionated by gel filtration using a cross linked dextran gel
(Sephadex G200). Two fractions were collected to correspond with the 19S and
7S peaks. These fractions were concentrated to the original volume by the addition
of Lyphogel (Gelman Instrument Co.) as previously described (Hogg et al., 1973).
Results

The reciprocal litres of the antibodies detected in the 7 RALS prepared
and the relative skin graft survival times are shown in Table 1. An increased rosette
formation between HRBC and mouse spleen cells in the lower dilutions was detected
with all 7 sera, only 5 of which were immunosuppressive in vivo. The IRFT showed
no significant correlation with skin graft survival time or with the titres of the
other antibodies studied. The IRFT of the RALS did not differ by more than one
serum dilution using either Q spleen cells or nude spleen cells with HRBC to form
rosettes (see Table 2). However, using SRBC instead of HRBC there was no in¬
creased rosette formation, the number of rosettes formed in each dilution of RALS
being equal to or less than the number formed in the control.

TABLE 4

IRFT in the 19S and 7S fractions of 3 RALS after first and fourth immunising injections

After 1st Injection After 4th Injection
RALS

19S 7S Whole
Serum 19S 7S Whole

Serum

R709
R713
R716

<1,000
<1,000
<1,000

4,000
4,000

<1,000

4,000
4.000

<1,000

8,000
8,000

<1,000

32,000
8,000
8.000

32,000
16,000
8,000
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Complement appears to be necessary for the formation of increased rosettes
as it is for the formation of spontaneous rosettes. No increased rosette formation
could be demonstrated in the absence of guinea pig serum as a source of com¬
plement, or in the presence of guinea pig serum inactivated by heat or by the
addition of EDTA or EGTA.

The results of IRFT following the absorption studies are shown in Table 3.
These indicate that the IRF antibodies were absorbed by lymphoid cells from all
sources tested, but not by kidney tissue, MRBC or HRBC, suggesting that the anti¬
body is specifically antilymphocyte and not non-specific anti-tissue. The IRF anti¬
body was absorbed by Q spleen cells both in the presence and the absence of
guinea pig complement, suggesting that it is able to adhere to lymphocytes in both
the presence or absence of complement, although complement is necessary for the
adherence of F1RBC to form rosettes.

We have previously demonstrated that there are fewer spontaneous rosettes
formed with thymus cells than with spleen cells (Morton, Hegh and Clunie
(1975)). After incubation with RALS in a dilution of 1/1000 there was increased
rosette formation with both spleen cells and thymus cells (spleen cells 224% of
the control, thymus cells 262% of the control). Although there were fewer spon¬
taneous rosettes formed with thymus cells, there was a comparable IRFT. How¬
ever, it should be noted that thymus cells were less effective in absorbing the IRF
antibody from RALS than were spleen or lymph node cells (Table 3).

Fractions from three of the RALS (R709, R713 and R716) were tested
for the presence of IRF antibodies, both during and at the conclusion of the
immunisation schedule. The results are shown in Table 4.

In samples of serum taken from the rabbits four weeks after the first sub¬
cutaneous injection, R709 and R713 both had an IRFT of 4,000 located in the
7S fraction, whereas R716 had no IRF antibody present at this time (Table 4). In
sera R709 and R713, after the 4th injection, there were IRF antibodies detected in
both 19S and 7S fractions, R709 having slightly higher titre in the 7S fraction than
the 19S fraction. R716 had no IRF antibody present in the I9S fraction, but a titre
of 8,000 in the 7S fraction, which was comparable to the whole serum.

The process of increased rosette formation differs from that leading to the
formation of EAC rosettes (Bianco et al., 1970) in both specificity and reaction,
and appears to have resulted from immune adherence. Immune adherence is defined
as the attachment of antigen-antibody complexes to the surface of untreated primate
erythrocytes (Nelson 1963). The conditions of this reaction are that the antibody
first reacts with the antigens, then the antigen-antibody complex is sensitized by
complement in the presence of calcium and magnesium. The formation of the bond
between antigen-antibody-complement complexes and red blood cells requires no
co-factors, adherence occurring efficiently and almost instantaneously at 37°C. The
results of the tests on the 1RF antibody demonstrated in RALS show that the
requirements for the reaction by immune adherence are fulfilled.

The results of absorption studies also indicate that the antibody is specifically
antilymphocyte, and not directed against either red blood cells or non-specific
tissues. The results of tests following fractionation of the RALS indicate that the
1RF antibodies can be demonstrated first in the 7S fraction and, after a further
period of immunisation, are also demonstrable in the 19S fraction.

Since IRF antibodies were demonstrated in both immunosuppressive and
non-immunosuppressive sera, these antibodies appear to be of no importance in
determining the immunosuppressive activity of ALS. However, when using HRBC
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in the rosette inhibition test, the possible presence of an 1RF antibody should be
recognised, and dilutions beyond the titre of this antibody tested for inhibition.
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ALLOGRAFT REJECTION AND IMMUNOSUPPRESSION

LEUCOCYTE MIGRA TION INHIBITION

At the time of establishment of the Renal Transplant Unit in

Queensland in 1968 and for some years thereafter, cadaveric renal

transplantation was compromised by a high incidence of infection,

sometimes fatal, secondary to the immunosuppressive agents then in use.

With Marjorie Green, then a technician but now a Senior Research Fellow

in the University of Queensland, / extended the work of others with the

leucocyte migration inhibition test in an attempt to predict at an early

stage the cellular events preceding the clinical manifestations of kidney

rejection, in the hope that early diagnosis and prompt treatment would

lead to more effective control of rejection and lower overall doses of

immunosuppressive drugs. Although the early results were highly

promising (10,11), it became apparent in the largest reported series of

192 recipients analysed in this way that although the test was

reproducible and reliable (12), it was not clinically useful, perhaps

because it did not measure humoral events and perhaps because the anti-

rejection agents available at that time were relatively ineffective.
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IN-VITRO LEUCOCYTE MIGRATION IN RENAL

TRANSPLANTATION1

Marjorie K. Green and Gordon J. A. Clunie

Department of Surgery, University of Queensland

Med. J. Aust., 1974, 1: 740-744.

A series of control studies in normal persons and
patients undergoing a variety of operative procedures
has established a normal range for in-vitro leucocyte
migration.
In a series of 20 recipients of cadaveric renal

allografts, 15 patients showed inhibition of leucocyte
migration one to four days before changes in renal
function resulting from rejection. Early treatment
with high doses of steroids and external irradiation
on the basis of inhibition of migration resulted in
better control of rejection crises than when treat¬
ment was delayed until biochemical changes had
occurred. In the remaining five patients, there was
no variation in leucocyte migration outside the
normal range, and none of these patients showed
rejection.
We conclude that the test is of value in the

management of patients after renal transplantation,
not only in the early detection and management of
rejection crises, but also in minimizing immuno¬
suppressive drug dosage in those patients showing
no evidence of inhibition of migration.

Although significant improvements have been made in
the field of renal allotransplantation in the last decade,

* Supported by grants from the Mayne Bequest Fund of t'he
University of Queensland.

Address for reprints: Professor G. J. A. Clunie, Department
of Surgery, Princess Alexandra Hospital, Ipswich Road,
"Woolloongabba, Brisbane, Q. 4102.

it is disturbing to find that 38% of all recipients are now

dead, a large proportion of the deaths being due to sepsis
or other problems related to immunosuppression, and that
about half of the graft failures resulted from uncon¬

trolled rejection (Tenth Report of the Human Renal
Transplant Registry, 1972). It is apparent that either the
nature or the control of immunosuppression must be
changed before further advances can be achieved. Since
the rejection of renal allografts is primarily mediated by
lymphocytes sensitized to the transplantation antigens of
the donor, some measure of such sensitization should
provide a means of early detection of the immunological
changes leading to rejection. Patients could then be
treated before inevitable and perhaps irreversible organ

damage had occurred, with resulting improvement, not
only in controlling rejection, but also in minimizing
potentially toxic immunosuppressive drug dosage in those
recipients not showing immunological evidence of rejection.

The release of a migration inhibition factor (MIF) by
sensitized lymphocytes on exposure to specific antigen,
with consequent reduction of the normal migration of
mixed white cell populations in culture, has been shown
to be a specific in-vitio measure of delayed hypersen¬
sitivity in man (Spborg and Bendixen, 1967).

By analogy, modifications of the test have been shown
to have some correlation with rejection episodes following
clinical renal transplantation (Smith et alii, 1969; Weeke
et alii, 1970; House et alii, 1973) and liver transplantation
(Eddlestone et alii, 1971).
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In this report, we present our experience with in-vitro
leucocyte migration in a series of 20 patients who had
had cadaveric renal allografts performed at the Princess
Alexandra Hospital in Brisbane, together with control
studies in normal volunteers and in patients undergoing
comparable operative procedures.

MATERIALS AND METHODS

Measurements of leucocyte migration were made with
a modification of the method of Sdborg and Bendixen
(1967). Ten ml of peripheral venous blood were collected
in sterile glass bottles containing 500 units of preservative-
free heparin. The red cells were allowed to sediment for
one hour at 37°C, and the leucocyte-rich supernatant and
the buffy coat were removed and placed in polyethylene
tubes. These tubes were then centrifuged at 150 g for five
minutes. The plasma was decanted and the button of cells
washed twice with Hank's balanced salt solution (BSS).
The cells were resuspended in 500 /A of medium 199 plus
10% horse serum. Capillary tubes of 1-2 mm internal
diameter were filled with cell suspension and one end
was sealed by heating, before centrifugation at 350 g for
ten minutes. The tubes were then cut at the cell-super¬
natant interface with a diamond pencil, and the portions
containing the cells were placed in 20 mm diameter
plastic tissue culture chambers, being held firmly in place
with a spot of silicone grease. Control chambers were
filled with medium 199 plus 10% horse serum. The test
chambers were filled with Hank's BSS to which had been
added antigen. Pour control chambers and four chambers
for antigen were set up for each test. The chambers were
sealed by a cover slip, and incubated at 37°C for 18 hours.
Areas of cell migration were then measured by a projection
microscope and planimeter. The leucocyte migration index
(LMI) was estimated by dividing the mean area of
migration in the four test chambers by the mean areas
of migration in the four control chambers.

Preparation of Antigens
Specific antigen for each transplant recipient was

prepared from donor spleen obtained after bilateral
nephrectomy. The tissue was cut into small pieces, sus¬
pended in Hank's BSS and ground in a glass homogenizer.
The crude homogenate was centrifuged at 1,500 g for five
minutes, and the protein content of the supernatant
assayed by Dowry's method. The supernatant was then
diluted to a protein content of 400 /A/ml and stored in 3 ml
aliquots at -25°C.
A general splenic antigen for use in control tests was

prepared by mixing antigen from three cadaver donor
spleens and from two normal spleens. This general antigen
was used in the control studies with samples from normal
persons and with samples from patients undergoing a
variety of surgical procedures where of course no specific
transplant donor antigen was available.

Clinical Material

In order to establish a normal range, a total of 102
samples were taken on consecutive days from three
female and two male volunteers (members of the academic
and technical staff).
The patients represented 20 recipients from a series of

25 consecutive cadaveric renal allotransplants performed
at the Princess Alexandra Hospital over an lS-month
period between February, 1972 and August, 1973. The five
patients not studied were omitted because of failure of
supply of specific lymphoid tissue by the donor group
(two cases), or the absence of research staff on leave
(three cases). All recipients were treated initially with
azathioprine 3 mg/kg body weight and prednisone 3 mg/kg
body weight. Azathioprine dosage was not reduced unless
the white cell count fell below 4,000/mm3 or there was
delay in onset of renal function, but the prednisone dose
was reduced rapidly, the aim being to achieve a main¬
tenance dose of 15 mg per day by three months. Rejection
episodes were treated by methylprednisolone 1 gm intra¬

venously on alternate days for three doses and/or by
external irradiation with 200r to the area of the kidney on
alternate days for three doses. Blood for leucocyte
migration tests was taken daily for the first 10 to 21 days
while the patients were in hospital, and at irregular
intervals thereafter.

In order to exclude a non-specific effect on leucocyte
migration by comparable operative procedures, by standard
immunosuppression, or by impaired renal function, tests
were also performed in five further patients undergoing a

variety of procedures. Two patients received renal auto-
transplants in the treatment of renovascular hypertension,
and one patient with chronic renal failure treated by twice
weekly hemodialysis underwent bilateral nephrectomy for
control of hypertension, as did another patient one year

after successful renal allotransplantation. The fifth patient
had ureteric reconstruction for ureterovesical obstruction
six months after renal allotransplantation.

It should be noted that all the tests were performed in
laboratories in the Department of Surgery at the Royal
Brisbane Hospital, whereas the patients were treated at
the Princess Alexandra Hospital. The technologist perform¬
ing the test was quite unaware of the clinical course of
the patients.

Results
The mean migration index of the normal controls was

0-98, and the normal range was set at 2 standard deviations
(0-30) on either side of the mean, giving a spread of
0-68 to 1-28.

None of the five patients undergoing control operative
procedures showed variation of the index outside the
normal range (Table 1).

Table 1

Details of Control Patients and Operative Procedures

Case Age Sex Procedure

Highest
Serum

Creatinine
mg/100 ml

LMI(a)

Highest Lowest

1 20 F Renal Autotransplant 1-2 1-22 0-71
2 21 F Renal Autotransplant 1-2 113 0-92
3 41 M Bilateral Nephrectomy 14-0 1-21 0-97
4 24 M Reimplantation of Lreter 11 0 1 04 0-79
5 22 M Bilateral Nephrectomy 1-8 1-20 0-82

(a) LMI = Leucocyte migration index (see text).

Details of the 20 transplant recipients, the degrees of
tissue matching, the range of the leucocyte migration
tests, and the clinical results are summarized in Table 2.
In five of the patients (Cases 8, 17, 18, 19 and 20) values
for LMI did not vary outside the normal range. In one
of these patients (Case 8), a rise in serum creatinine on

Day + 5 was interpreted as being due to rejection
(Figure 1), although there was no significant change in
LMI. An intravenous pyelogram three days later demon¬
strated a urine leak which was found to be due to a

technical error which was corrected surgically. A renal
biopsy at this time showed no histological evidence of
rejection. All five of the patients in this group have func¬
tioning renal allografts at intervals of two months to one

year after transplantation.

In six patients, falls in LMI below the lower range of
normal occurred (Cases 2, 3, 4, 5, 9 and 16), but because
the full value of the test had not been appreciated, no
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Table 2

.Details of Transplant Recipients and Results

LMI(i>) Recent Serum
Case Age in Years Sex Date of XHR(u) Remarks Creatinine

Transplant Highest Lowest ing/100 ml

1 24 M 27.2.72 0-25 111 0-22 — 3-0
2 35 F 27.2.72 0-50 1 -18 0-25 — 21
3 ! 43 F 10.4.72 0-666 1-02 0-24 — 1-2
4 19 M 2.7.72 0-166 1-28 0-33 Nephrectomy 12.7.72, on dialysis —

5 29 M 10.10.72 0-166 1-02 0-45 Nephrectomy 2.11.72, on dialysis —

6 38 F 10.10.72 0-25 1-66 0-24 — 1-3
7 36 F 28.10.72 0-25 1-14 0-69 Died T.B. 30.12.72 —

8 20 F 29.10.72 0-75 115 0-72 Urine leak Day +5 closed
successfully

1-3

9 21 F 3.12.72 0-50 1-50 0-36 — 1-5
10 35 M 3.12.72 0-50 1-36 0-14 — 1 -9
11 26 M 4.2.73 0-75 1-35 0-57 — 1-6
12 47 F 4.2.73 0-25 1 -45 0-38 — 1 -5
13 25 M 25.2.73 0-25 1-51 0-20 — 1-7
14 29 F 25.2.73 0-25 1-46 0-16 — 1-1
15 35 M 11.3.73 0-25 111 0-30 Nephrectomy 24.4.73 after 2nd

rejection, on dialysis
—

16 48 M 14.6.73 0-75 1-35 0-45 Nephrectomy 15.7.73, on dialysis —

17 52 F 14.6.73 0-875 1-18 0-82 — 1 • 1

18 36 F 24.7.73 0-875 1-27 0-74 — 1-2

19 ..

2°
37 M 5.8.73 0-25 1-18 0-85 — 0-8
34 M 6.8.73 0-25 115 0-78 — 1 -8

(а) XHR = -Yet histocompatibility ratio (Rapaport and Dausset. 1970).
(б) LMI= Leucocyte migration index (see text).

change in therapy was instituted until there was bio¬
chemical or histological evidence of rejection. This
definitive evidence of rejection occurred within three days

Days Post Operative

Figure 1 : LMI and serum creatinine levels in Case 8. LMI
remained within the normal range, and the rise in serum
creatinine was due to mechanical factors associated with a
urine leak. XHT: "X-ray therapy"; external irradiation at

200r.

of the fall in LMI in each case (Figure 2). Only three
of these six patients still have functioning kidneys at
intervals of 10 to 18 months after transplantation. Of the
three other patients in this group, two required transplant
nephrectomy for rejection in the early postoperative
phase, and the other required it one month postoperatively
when a second rejection crisis was not controlled.

Migration Creatinine

Index mg/iooml

12
— Migration Index

-- Creatinine

10

0 8 8-'

0 6 6

0 4 4 \ ' J
02 2

mild kidney
reject, xrt removed

♦ ♦ ♦
2 4 6 8 10 12 14 16 18

Days Post Operative

Figure 2 : LMI and serum creatinine levels in Case 4. LMI
fell below normal on Day + 5, serum creatinine rose on Day + 7,
when external irradiation (XRT) was given. Rejection was
not controlled, and transplant nephrectomy was performed on

Day 4- 10.

In the remaining nine patients, falls in LMI below the
normal lower limit of 0-68 were taken as indications

for active treatment of rejection crises, although this
change preceded biochemical or histological evidence of
rejection by intervals of one to four days (Figure 3).
These initial rejection crises were controlled in all nine
patients in this group, although one patient (Case 15)
required transplant nephrectomy one month later, after a
second uncontrolled rejection crisis. One patient in this
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group (Case 7) died of fulminating primary tuberculosis
two months after transplantation. There had been no

further clinical evidence of rejection, and the transplanted
kidney was quite normal at the time of death. Thus
seven of the remaining eight patients have functioning
kidneys at intervals of two to 18 months after operation.

Leucocyte migration tests were also performed on the
transplant recipients at irregular intervals after their
discharge from hospital. Variations outside the normal
range were not found, although three patients (Cases 15,
16 and 20) were tested at the time of definite rejection
crises. Transplant nephrectomy was required in two of
these patients (Cases 15 and 16).

Days Postoperative

Figure 3: LMI and serum creatinine levels in Case 15. LMI
fell below normal on Day -t- 3. Antirejection therapy with
methyl prednisolone (MP) and external irradiation (XRT)
were started on Day + 4. Serum creatinine did not rise until
Day -+ 7, but the following severe rejection crisis was con¬

trolled by Day +18.

DISCUSSION

The leucocyte migration test is a simple, although time-
consuming procedure, and the results are available within
24 hours of collection of blood samples. Our experience in
this small series suggests that the test is of considerable
value in the prediction of rejection crises in the early
phases after cadaveric renal transplantation. It has been
possible to predict quite consistently that other evidence
of rejection will appear at intervals of one to four days

after falls in LMI below the normal range. The timing
of this fall in LMI in relation to the biochemical results
of failing organ function is obviously crucial, and the
results indicate that early treatment at the time of
immunological diagnosis has materially assisted the
management of rejection, all nine patients treated in this
way having been controlled initially. This is in contrast
to the results in those patients who were given no treat¬
ment until functional or biopsy changes had occurred and
in whom only three of the six transplanted kidneys are still
functioning, two having been removed in the early post¬
operative phase.

It is of some interest that LMI may return to the
normal range either in response to increase in immuno¬
suppressive therapy as would be hoped, or spontaneously,
even in the absence of increased therapy after the initial
episode of inhibition. The results of the leucocyte migra¬
tion test clearly depend on a number of variables,
including the numbers of available sensitized lymphocytes
in the peripheral blood, many of which could be expected
to localize in a failing kidney in uncontrolled rejection
rather than remain in the circulation. It is clear that
further studies of LMI in patients both with functioning
grafts while still in immunosuppression and after removal
of rejected grafts are necessary to investigate the possible
phases of the response in more detail (House et alii, 1973).

The test may also be of value in excluding rejection
as a cause of deterioration in renal function. Thus in
one patient who showed no variation of LMI outside the
normal range, an initial clinical diagnosis of rejection was

proved to be incorrect, the rise in serum creatinine being
due to mechanical factors following a urine leak. In two
other patients in this group without significant change in
LMI, there was delayed onset of renal function, and the
absence of immunological evidence of rejection permitted
the use of lower doses of immunosuppressive agents than
would have been given under other circumstances.

The fate of the remaining five patients in this conse¬

cutive series of 25 cadaveric renal allografts in whom
leucocyte migration tests were not performed is of some
interest. One patient died six weeks after operation as
a result of drug overdosage and secondary sepsis, without
having shown clinical evidence of rejection; three patients
required transplant nephrectomy for rejection and have
been returned to hasmodialysis; and only one still has a

functioning kidney.

On this evidence, we now feel that the leucocyte
migration test forms an important part of the manage¬
ment of immunosuppression in the immediate postopera¬
tive period after renal allotransplantation, although its
place in the later course has not been defined. Further
studies are being made in an attempt to improve the
accuracy and to narrow the normal range of the test,
and suggestions that donor kidney antigen produces a
more specific and well-defined reaction than donor spleen
antigen (House ct alii, 1973) are being investigated.
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SYNOPSIS

A predictive test for rejection is necessary for monitoring patient
management after renal transplantation.

Over the past three years we have evaluated the usefulness of a simple
leucocyte migration technique. The results are of sufficient value to indicate
that this test is an integral part of renal transplant management.

Introduction

For adequate management of renal transplant recipients it is necessary to
be able to diagnose rejection as early as possible, both to enable early treatment
for reversal of this process, and also to minimize the dangers of excessive immuno¬
suppression. Three years ago we undertook to evaluate the usefulness of S0berg
and Bendixens simple leucocyte migration test as a test for rejection.

Materials and methods
A series of control studies in normal persons and undergoing a variety of

operative procedures established a normal range for the technique. A series of
72 patients, receiving a total of 73 transplants, in the Renal Unit of the Princess
Alexandra Hospital, Brisbane, was studied.
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DAYS POST OPERATIVE

Figure 5. Leucocyte migration inhibition and serum creatinine in patient W.C. (Group 3A).
LMI shows inhibiton on day + 16, but there was no rise in serum creatinine, nor was there
any clinical evidence of rejection.

GROUP 2B:

Leucocyte Migration Inhibition — therapy — clinical rejection.
The 37 patients in this group showed leucocyte migration inhibition, and

were treated on these results, but still went on to clinical rejection. (Fig. 4.)
Twenty-six (70.2%) of these patients still have functioning kidneys at five weeks
to 34 months. Ten had transplant nephrectomies one for vascular rejection, one
for ureteric obstruction and eight for cellular rejections. One patient died of
cardiac failure, but still had a functional kidney.

GROUP 3A:

Leucocyte Migration Inhibition — no therapy — no clinical rejection.
There was only one patient in this category. He still has a functioning kidney two
months after transplant. (See Fig. 5.)

GROUP 3B:

Leucocyte Migration Inhibition — no therapy — clinical rejection.
In 14 patients on whom leucocyte migration inhibition was observed, but

disregarded, no treatment was given until clinical signs of rejection occurred.
Of the 14, six recipients still have functioning kidneys (42.8%) at two to

30 months after operation. Three patients had transplant nephrectomies and are
maintained on dialysis. One patient had a transplant nephrectomy and sub¬
sequently had a second transplant which is still functioning 16 months after opera-
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ticn. There were four deaths in this group, two occurring soon after transplant,
one of cerebral haemorrhage and one following an acute rejection crisis. The
third patient died six months after operation from complications following bilateral
nephrectomy for hypertension, and the fourth two years after transplant nephrec¬
tomy from an acute mesenteric thrombosis.

Six patients receiving transplants during the same period did not have
leucocyte migration tests done. Of these only one has a functional kidney, two
required transplant nephrectomies because of rejection. There were three deaths
all directly related to transplantation, one during an acute rejection crisis and two
from azothioprine toxicity.

Summary
The leucocyte migration test has been used as a diagnostic aid for rejec¬

tion in 72 patients receiving 73 transplants at Princess Alexandra Hospital from
February 1972 until May 1975. We have found this test to be useful for pre¬
dicting acute cellular rejection, and for differentiating rejection from other post
operative complications, which in turn influences immuno-suppressive therapy.
The test does not appear to predict vascular as opposed to cellular rejection.

Of the patients treated on the basis of their leucocyte migration inhibition
test results, 70.2% have functioning kidneys, whereas of those not treated until
rejection was confirmed clinically cr biochemically, only 42.8% still have func¬
tioning kidneys. Of the patients on whom the tests were not performed, only one
patient (16.6%) still has a functioning kidney. The patients who did not show
leucocyte migration inhibition or clinical rejection 76.9% still have functioning
kidneys. In those with no inhibition but rejection all five had vascular rejection
episodes and only one (20%) has a functioning kidney.

Conclusion

This study has confirmed our earlier findings in a small series (Green &
Clunie, 1974). The leucocyte migration test has become an integral part cf renal
transplant recipient management in our unit. It appears to have few false positive
or negative results in predicting cellular rejection.
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summary

The leucocyte migration inhibition test has been studied in'1
a series of 192 renal allograft recipients. Seventy-seven patients
showed no evidence of inhibition in the early post-transplant
course, but 31 of these demonstrated clinical evidence of rejec¬
tion, a false-negative rate of 16%.
The remaining 115 recipients all demonstrated inhibition,

with 13 of these showing no clinical evidence of rejection, a
false-positive rate of 6.7%. Early antirejection therapy on the
basis of inhibition did not result in improved kidney survival
when compared with those recipients who did not receive
specific therapy until there was clinical evidence of rejection.
The leucocyte migration inhibition test did not detect

changes attributable to humoral factors, which probably ac¬
counts for the high false-negative rate, and has not proved to
be sufficiently reliable to be of value clinically as a single test.
A combination of tests designed to detect both humoral and
cellular factors responsible for rejection deserves further study.

Inhibition of in vitro migration of cells from animals display¬
ing delayed hypersensitivity occurs on exposure to specific
antigens (1), and measurement of the degree of inhibition
provides an indication of in vivo cell-mediated immunity in
both animals and man (2). Since allograft rejection is mediated
at least in part by T lymphocytes sensitised to donor antigens,
the leucocyte migration inhibition test has been utilised for
prediction of rejection (3), in the hope that earlier and poten¬
tially more effective therapy could be administered before
functional graft damage occurred. Several groups have found
the test of value in the management of a small series of human
hepatic and renal allograft recipients (4-13) with only one
adverse report (14). However, the test has not found widespread
acceptance and utilisation by other transplant groups.
We now report our further experience with the test in the

management of the recipients of 192 cadaveric renal allografts
in the 6-year period from February 1972 to November 1977, the
minimum followup period being 9 months.

materials and methods

Leucocyte Migration Inhibition Test
Measurements of leucocyte migration were made using a

modification of the technique described by Soborg and Ben-
dixen (2). Ten milliliters of peripheral venous blood were col¬
lected into sterile glass bottles containing 500 units of preserv¬
ative-free heparin. The red blood cells were allowed to sediment
for 1 hr at 37 C, and the leucocyte-rich supernatant was re¬
moved into polyethylene tubes. The tubes were centrifuged at
150 g for 5 min, the plasma was decanted, and the button of
cells was washed twice with Hanks' balanced salt solution. The
cell suspension was placed in capillary tubes of 1.2-mm internal
diameter that were heat sealed at one end before centrifugation

at 350 g for 10 min. The tubes were cut at the cell-supernatant
interface with a diamond pencil, and the portions containing
the cells were placed in 20-mm diameter plastic tissue culture
chambers. Triplicate control chambers were filledwith Medium
199 plus 10% horse serum, and triplicate test chambers with
Hanks' balanced salt solution containing specific antigen. Cover
slips were placed over each chamber before incubation at 37 C
for 18 hr. Areas of migration were measured using an Apps
drawing apparatus and planimeter. A leucocyte migration index
was calculated by dividing the mean area of migration in the
test chambers by the mean area of migration in the control
chambers.

Specific antigen for each transplant recipient was prepared
from the donor spleen taken at the time of nephrectomy. The
spleen was divided into small portions, suspended in Hanks'
balanced salt solutions, and ground in a glass homogeniser. The
crude homogenate was centrifuged at 1,500 g for 5 min, and the
supernatant diluted to a protein concentration of 400 jug/ml
before storage in 3-ml aliquots at —25 C.

Clinical Material

Control studies. In order to establish a normal range for the
test, a total of 453 blood samples were obtained from 14 normal
subjects (10 females and 4 males). The antigen used in these
control studies was prepared from several spleens carrying a
wide range of HLA antigens.
To exclude a nonspecific effect on leucocyte migration by

anaesthesia, by operation comparable to renal allograft trans¬
plantation, by immunosuppression, or by impaired renal func¬
tion, tests were performed on five patients undergoing a variety
of operative procedures. Two patients underwent renal auto-
transplantation for the treatment of renovascular hypertension.
Bilateral nephrectomy was performed on one dialysis patient
and one renal allotransplant recipient. The fifth patient under¬
went ureteric reimplantation 6 months after renal allografting.
Allograft recipients. The patient group under test was made

up of 176 patients (100 males and 76 females, mean age 38.7
years, SD 12.6) receiving a total of 170 primary and 22 secondary
cadaveric renal allografts. Kidneys were transplanted on the
basis of the best HLA match with a negative crossmatch. Blood
samples for leucocyte migration testing were taken daily for the
first 10 to 21 days while the patients were still in hospital, and
at irregular intervals thereafter.
All recipients were treated initially with 3 mg of azathioprine

per kg body weight per day and prednisone in the same dosage.
Azathioprine dosage was not reduced unless there was evidence
of leucopenia, but the prednisone dose was reduced to a main¬
tenance level of 40 mg at 3 months, 20 mg at 1 year, and 10 mg
at 2 years.

Rejection episodes were diagnosed clinically by any two of
the following indications: tenderness and swelling of the graft,
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poor urine output without evidence of outflow obstruction, rise
in serum creatinine, and appearances on renal biopsy. Rejection
episodes were treated with 1 g of methylprednisolone i.v. on
alternate days for 3 days and/or by external irradiation (200
rad) to the area of the kidney on alternate days for three doses.
Episodes of rejection which were considered clinically or on
renal biopsy to be attributable primarily to vascular changes
were treated by the administration of i.v. heparin in full dosage
for 10 days, followed by oral anticoagulants.

Statistical Analyses

Kidney survival in the groups and subgroups defined below
was compared using the log rank analysis.

RESULTS

Control studies. The mean migration index of the 453 control
observations was 0.98, variance 0.02, SD 0.15. A normal range
of 0.68 to 1.28 was set, allowing two standard deviations on
either side of the mean. The distribution of the control obser¬
vations was normal, with 215 observations above the mean, 225
below, and 13 at the mean.
None of the five patients undergoing comparable operative

procedures showed variation of the index outside the normal
range, although there was variation within the range from day
to day, as in the normal volunteer studies.
Aliotransplant recipients: correlation with clinical results.

Of the 192 recipients (109 males and 83 females, 170 primary
grafts and 22 secondary grafts), 77 showed no evidence of
leucocyte migration inhibition outside the established normal
range during their initial hospital course following transplan¬
tation (10 to 21 days). Of these 77, 31 (17 females and 14 males,
25 primary grafts and 6 secondary grafts) underwent clear
clinical rejection crises at this stage, indicating a false-negative
rate of 16%. Of these 31 patients, 23 underwent early transplant
nephrectomy or renal biopsy, and all showed major vascular
rather than primarily cellular patterns of rejection.
The remaining 115 recipients all demonstrated inhibition of

leucocyte migration in the early course. Thirteen of these
patients (10 treated for rejection and 3 untreated) produced no
clinical evidence of rejection in their early course, giving a false-
positive rate of 6.7%. The remaining 102 patients all demon¬
strated clinical evidence of rejection within 48 to 72 hr of
inhibition, whether treated or untreated.
In an attempt to provide a more meaningful comparison

between the leucocyte migration findings and the subsequent
clinical course, the recipients were grouped into three main
categories. The first comprised those showing no inhibition in
the early course, the second, those showing inhibition receiving
specific therapy as a result of that inhibition, and the third,
those showing inhibition but receiving no specific therapy until
clinical evidence of rejection. Each major group was further
subdivided into those patients showing clinical evidence of
rejection and those demonstrating no such evidence (see Table
1). All kidneys lost, whether attributable to death of the recip¬
ient, to technical failure, or to rejection, were considered to
have been lost from rejection in order to eliminate bias. Kidney
survival in the groups and subgroups (Table 2 and Figs. 1 and
2) was compared using a log rank analysis (75). The overall
kidney survival rate was 53% at 1 year, with a falloff to 41% at
4 years and no further losses up to 6 years. The best results
were seen in subgroup 2A patients showing leucocyte migration
inhibition, treated because of that inhibition, but showing no

Table 1. Group definition according to LMI status, clinical evidence
of rejection, and antirejection therapy (on clinical or LMI basis)
Group LMI status Clinical rejection Antirejection therapy

1A - - -

IB - + + (clinical, late)
2A + - + (LMI, early)
2B + + + (LMI, early)
3A + -

3B + • + (clinical, late)

Table 2. Patient numbers and graft failures in each subgroup (see
Table 1)

Group No. of patients Graft failures

1A 46 20

IB 31 20

2A 10 2

2B 88 52

3A 3 1

3B 14 8

Total 192 103

later clinical evidence of rejection, with an 80% graft survival
rate at 4 years. The worst results were seen in group IB, which
showed no evidence of leucocyte migration inhibition, but sub¬
sequent clinical rejection, with a 1-year survival rate of 38% and
a 4-year survival rate of 29%.
There were no significant difference at the 5% level in the

results between those patients not showing inhibition (group 1)
and those showing inhibition (groups 2 and 3, x2 = 0.02, df 1, P
> 0.9), whether treated on the basis of inhibition (group 2, x2
= 0.03, df 1, P > 0.85) or untreated initially (group 3, x2 = 0.01,
df 1, P > 0.90). Comparison between groups 2 and 3 again
showed no significant difference (x2 = 0.02, df 1, P > 0.88).
Patients in the two subgroups showing clinical rejection (2B
and 3B) demonstrated no significant difference (x2 = 0.03, df 1,
P > 0.85). Subgroup comparisons within the major groups
showed no differences except in group 1 (no inhibition), where
the patients not demonstrating rejection fared better than those
rejecting (x2 = 6.41, df 1, P > 0.01). The apparent difference
between groups 2A and 2B (Fig. 1) was not significant (x2 =

2.72, df 1, P > 0.09).
Studies of the late course. Successful treatment of rejection

with radiotherapy and/or methylprednisolone always resulted
in return of leucocyte migration to normal levels, whereas
persistent or recurring inhibition indicated failure of therapy.
Transplant nephrectomy for rejection was followed by a return
to normal levels within 48 hr in all patients tested.
In 28 patients tested at biweekly intervals for 1 month to 7

months after transplantation, no consistent pattern was ob¬
served. Some patients showed inhibition with no related epi¬
sodes of rejection detected clinically, and others underwent
rejection crises which were not preceded by evidence of inhi¬
bition.

DISCUSSION

The diagnosis of allograft rejection presents major problems
to clinicians responsible for patient care. Tests indicating
changes in immunological responsiveness offer obvious advan¬
tages over those dependent on consequent changes of graft
function, if they could be shown to be reliable and if an effective
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Figure 1. Crude survival rates in 192 cadaveric renal allotransplant recipients.

100

PROBABILITY
1 000

40 60 80

SURVIVAL OF GRAFT IN MONTHS

Figure 2. Crude survival rates in groups defined according to their LMI status (see Table 1). Group 1A,
• ■ group 2B, ; group 3A, =; group 3C,
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form of antirejection therapy could be utilised. The importance
placed on such testing has been demonstrated by a recent
symposium on post-transplant immunological monitoring (16).
The number of different tests proposed in this symposium
suggest that none has been found to be completely satisfactory,

and when the complexity of the processes leading to allograft
rejection is considered, it seems unlikely that any single in vitro
test will regularly and reliably detect all episodes of rejection.
The most widely utilised te^ts have involved recognition of a
specific recipient response to donor, and have tested both
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humoral factors such as antibody-dependent cellular cytotox¬
icity (17) and cell-mediated responses such as lymphocyte-
mediated cytotoxicity (18), leucocyte aggregation (19), and
release of leucocyte inhibiting factor (4-6).
Our experience with the leucocyte migration inhibition test

is extensive and results reported here indicate that it does have
some value in the prediction of renal allograft rejection. How¬
ever, the false-negative rate of 16% and false-positive rate of
6.7% indicate that the reliability of the test is not sufficient to
allow it to be ofmajor value clinically. The explanation of these
false findings is uncertain, but it is of interest to note that the
majority of cases (23 of 31) that can be classified as false-
negative (subgroup IB) were shown to have histological evi¬
dence of vascular rather than cellular patterns of rejection,
suggesting that the rejection was primarily humoral. Of the 13
false-positive results (subgroups 2A and 3A), 10 patients (sub¬
group 2A) received specific antirejection therapy, so that it is
at least arguable that the rejection crises in these patients were
aborted by the early therapy, giving a "true" false-positive rate
of 1.5% (3 of 192 cases). The therapy given to these patients
was apparently not harmful, in that subgroup 2A had the best
graft and patient survival. If the test has any value clinically, it
appears to lie in the detection of T cell rather than B cell
responses, and daily observations seem to be necessary in order
to detect transient and reversible changes in response. Re¬
sponses after the initial 3 to 4 weeks appear to be inconsistent
but whether this is because of changes in the pattern of rejection
or because of deterioration of the antigen used with storage
remains unclear.
Even if the arguments with regard to the false-negative and

false-positive results are accepted, the disappointing feature of
this series of patients lies in the failure to demonstrate a

significant difference in long-term kidney survival in patients
demonstrating leucocyte migration inhibition in the early
course treated on the basis of that inhibition (group 2) as
compared with those not treated until there was clinical evi¬
dence of rejection (group 3). Previous studies of the test re¬

ported only a small series of patients followed for comparatively
short periods. It is apparent from this larger study that, al¬
though the test is arguably of value for the early detection of

rejection, the methods of treatment used were inadequate to
produce improved long-term kidney survival, whatever the
apparent short-term benefits of early diagnosis may have been.
Recent results suggest that early treatment with antithymocyte
globulin after immunological detection of rejection may im¬
prove graft survival (13), but these preliminary findings await
confirmation.
It appears that any benefits from post-transplant immuno¬

logical monitoring may depend on the utilisation of a group of
tests measuring both specific humoral and cell-mediated im¬
munity, and the development of more effective methods of
antirejection therapy.

LITERATURE CITED

1. George M, Vaughan JM: 1962 Proc Soc Exp Biol 3: 514
2. Soborg M, Bendixen G: 1967 Acta Med Scand 181: 2
3. Eddleston AWLF, Smith MGM, Mitchell C, et al: 1971 Transplan¬

tation 12: 11

4. Smith MGM, Dominguez JA, Evans DB, et al: 1969 Br Med J 4:
275

5. Falk RE, Guttmann RD, Beaudoin JG, et al: 1972 Transplantation
13: 461

6. House AK, Boak JL, Hulme B: 1972 Clin Exp Immunol 11: 165
7. Richmond DE, Boak PB, North JDK: 1973 Clin Exp Immunol 15:

17

8. Wood RFM, Gray AC, Briggs JD, et al: 1973 Transplantation 16:
14

9. Williams RJ, Mallick NP, Taylor G: 1974 Clin Nephrol 2: 100
10. Green MK, Clunie GJA: 1974 Med J Aust 1: 740
11. Rolley RT: 1976 Surg Forum 27: 309
12. Weeke E, Weeke B, Bendixen G: 1970 Acta Med Scand 188: 307
13. Kovithavongs T, Schlant J, Dossetor JB, et al: 1978 Transplant

Proc 10: 574
14. Dunningham TH, Castro JE: 1976 Transplantation 21: 270
15. Peto R, Pike MC, Armitage WE, et al: 1977 Br J Cancer 35: 1
16. Dossetor JB, Myburgh JA: 1978 Transplant Proc 10: 661
17. Descamps B, Gagnon R, Debray-Sachs M, et al: 1975 Transplant

Proc 7: 635

18. Grunnet N, Kristensen T: 1975 Scand J Urol Nephrol 29: 41
19. Tom GM, Mittal KK, Kahan BD: 1978 Transplant Proc 10: 553

Received 3 April 1979.
Accepted 25 June 1979.



ALLOGRAFT REJECTION AND IMMUNOSUPPRESSION

ANTIBODY DEPENDENT CYTOTOXICITY/MIXED L YMPHOCYTE

CULTURE

When / moved to Melbourne in 1978 to take up the Chair of

Surgery at the Royal Melbourne Hospital, Dr Lynette Dumb/e, then a

technician but now a Senior Research Fellow, had been working in

parallel studies using the technique of antibody dependent cytotoxicity

(ADCCi in an attempt to provide early evidence of kidney rejection. We

were able to show that ADCC was important in the process of rejection
and that non-suppressed ADCC was linked to graft failure (13). We were

a/so able to define in vitro suppression of whole-blood ADCC by steroids

in some patients prior to transplantation, so that patients could be

classed as steroid sensitive or insensitive, with a close correlation

between those findings and the outcome of transplantation and the

response to steroid therapy for rejection (14,16,17). The technique could

also be used for measurement of response to anti-thymocyte globulin (18)
but not azathioprine or cyciosporine. We then changed to mixed

lymphocyte culture (MLC) as a method of assessing lymphocyte response

to steroids (19,21,22,27,28), to cyciosporine (22,23,27,28), to ATG

(19,22,26), and to prostaglandin derivatives (24,29). We showed dose

correlation with clinical outcome in patients treated with these drugs. We

demonstrated that patients with the vesico-ureteric reflux as a cause of

renal failure were steroid resistant, with a consequent high risk of

allograft failure (25), and that blood transfusion was a factor in the

development of drug resistant MLC (19,20).
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ENHANCED RENAL ALLOGRAFT SURVIVAL FROM
AZATHIOPRINE/STEROID MODIFIED ANTIBODY-
DEPENDENT CELLULAR CYTOTOXICITY

Lynette J Dumble, Ileene M Macdonald,
Priscilla Kincaid-Smith, G J A Clunie

University ofMelbourne and RoyalMelbourne Hospital,
Parkville 3050, Australia

Summary

Serial antibody dependent cellular cytotoxicity (ADCC) effector cell function
estimates and renal biopsies were obtained from 74 recipients to determine the
ADCC modifications induced by azathioprine/steroid therapy and the histologi¬
cal character of rejection associated with the modifications.

Recipients with suppressed ADCC did not experience rejection episodes while
recipients with non-suppressed ADCC suffered graft failure following steroid-
resistant rejection. The majority of recipients experienced reversible rejection
episodes which were preceded by increased ADCC activity in the five day period
preceding the commencement of high-dose steroid anti-rejection therapy.
It was concluded that ADCC was active in the rejection process, and that in

vitro ADCC measurement provided a means ofmonitoring the modifications
induced by azathioprine/steroid therapy which promote a post-graft term free
of rejection episodes.

Introduction

A role for antibody dependent cellular cytotoxicity (ADCC) in human renal allo¬
graft rejection has been postulated following the demonstration of humoral [1]
and cellular [2] features of ADCC in association with rejection. The aim of this
study was to determine the effect of azathioprine/steroid therapy on ADCC
effector cell function to identify the specific modifications of the immune
response required for graft survival.

Clinical materials and methods

Patients

Seventy-four recipients of cadaveric (64) and living-related (10) renal transplants
were studied. The immunosuppression of the patients has been described previously
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[3]. In brief, lg doses ofmethyl prednisolone were administered i.v. at operation
and at intervals on biochemical or histological indication of rejection. Maintenance
steroid administration consisted of lOOmg hydrocortisone, 6 hourly, for the first
48 hours after transplantation and thereafter lOOmg prednisolone daily, reducing
to lOmg/day at 6 months post-operation. Maintenance azathioprine consisted of
3mg/kg pre-operatively and continued post-operatively at a dose of 1—2mg/kg/
day.

ADCC assay

Serial estimates of recipient ADCC effector cell function were obtained five days
per week using a whole blood technique [4]. Results were expressed as percent
specific cytotoxicity (SC) and allocated to one of the three categories arbitrarily
defined from values obtained when blood from 30 control donors (non-sensitised,
healthy staff volunteers) was tested in the same assay.

Renal histology

The diagnosis of cellular and vascular (antibody-mediated) rejection was made
from serial renal biopsies taken routinely to assess the current state of the allo¬
graft after approximately 7,21 and 90 days of transplantation. Additional biopsy
material was obtained when recipients experienced episodes of unstable renal
function. The characteristics of cellular and vascular rejection are described in
detail elsewhere [5].

Results

The three arbitrary levels of recipient ADCC effector cell function established
from the control group results were:

•Normal' SC> 10.4%
(not less than mean control value minus 1 SD)
Partially suppressed SC 4.7—10.4%
(between 1 and 2 SD less than mean control value)
Suppressed SC < 4.7%
(greater than 2 SD less than mean control value)

Thirteen recipients experienced no clinical manifestations of rejection, which
was compatible with the histology observed in renal biopsy material from 11
recipients. (The remaining two recipients were not biopsied.) Table I contains the
ADCC effector cell function levels of these 13 recipients grouped, according to
the percent specific cytotoxicity value obtained, into the arbitrary classification
of suppressed, partially suppressed and normal ADCC activity. The significance
of the grouped data was statistically evaluated using the x2 test to evaluate
whether the absence of rejection was independent of non-suppressed ADCC
activity in peripheral blood. The grouped data clearly indicates that the frequency
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TABLE I. Percentage of specific cytotoxicity for 13 recipients (not treated for rejection)
at 0, 7, 14, 21, 28, 60 and 90 days post-graft

% specific cytotoxicity 0
Number of days post-graft

7 14 21 28 60 90
Total

< 4.7 (suppressed) 1 2 4 10 8 6 6 37

4.7-10.4 (partially suppressed) 2 8 6 2 3 5 4 30

> 10.4 (normal) 10 3 3 1 1 0 0 18

Total 13 13 13 13 12 11 10 85

xJ =44.68. 12 df, p < 0.001

of non-suppressed recipients pre-graft (10/13) progressively decreases in the early
post-graft term. Consequently using the x2 test the null hypothesis that the row
and column classifications are statistically independent is rejected (x2 = 44.68,
12 df,p< 0.001).
Acute irreversible rejection was experienced by 15 recipients with biopsy

evidence of cellular rejection (14/15) and vascular rejection (9/15). Table II
summarises the ADCC effector cell function values of these 15 patients. Using
the x2 test the null hypothesis, that non-suppressed ADCC effector cell func¬
tion contributes to irreversible rejection, is accepted (x2 = 5.65, 8 df, p > 0.5).

TABLE II. Percentage of specific cytotoxicity for 15 recipients (experiencing a single
irreversible rejection episode) at 0. 7, 14, 21 and 28 days post-graft

% specific cytotoxicity
0

Number of days post-graft
7 14 21 28

Total

< 4.7 (suppressed) 0 0 1 0 0 1

4.7-10.4 (partially suppressed) 5 5 2 2 3 17

> 10.4 (normal) 8 8 9 7 7 39

Total 13 13 12 9 10 57

xJ = 5.85. 8 df. NS

High dose steroid reversible cellular rejection episodes (49) were experienced
by 38 recipients. Vascular rejection was also present during 16 of the 49 episodes.
The results of the ADCC effector cell function assays* in these recipients, assessed
5—6,3—4 and 1—2 days beforexand on the day of anti-rejection therapy com¬
mencement are grouped in Table III. The x2 value (x2 = 57.23,6 df, p <0.0001)
indicates that the onset of unstable renal function requiring anti-rejection therapy
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TABLE III. Percentage of specific cytotoxicity for 38 renal transplant recipients (49
rejection episodes) at 6-5, 4-3, 2-1 and 0 days before anti-rejection therapy for
cellular rejection

% specific cytotoxicity 6-5 4-3

Number

2-1 0
Total

<4.7 (suppressed) 10 3 2 0 15

4.7-10.4 (partially suppressed) 22 20 10 5 57

> 10.4 (normal) 7 20 30 44 101

Total 39 43 42 49 173

x1 = 57.23, 6df,p< 0.0001

is not independent of the increased frequency of 'normal' ADCC activity. The
p value indicates that the generation of ADCC activity is characteristic of a sig¬
nificant proportion of cellular rejection episodes.

Finally, high dose steroid reversible vascular rejection episodes (9) without
a cellular component were experienced by eight recipients. Table IV groups
the ADCC effector cell function values of the patients 5—6, 3—4 and 1 —2 days
before and on the day of anti-rejection therapy commencement. Again the x2
test is used to evaluate the data and the null hypothesis that vascular rejection
occurs independently from ADCC generation is accepted (x2 = 2.75, 6 df, NS).

TABLE IV. Percentage of specific cytotoxicity for eight renal transplant recipients-fnine
rejection episodes) at 6-5, 4-3, 2-1 and 0 days before anti-rejection therapy for non-
cellular rejection

% specific cytotoxicity 6-5 4-

Number

3 2-1 0 Total

< 4.7 (suppressed) 3 2 i
A

1
L

-*

/

4.7-10.4 (partially suppressed) 3 3 4 4 14

> 10.4 (normal) 1 2 2 3 8

Total 7 7 7 8 29

XJ = 2.746, 6 df, NS

Discussion

Conclusions drawn from this data are based on the assumption that whole blood
ADCC is a reliable index of ADCC relevant to renal allograft rejection. For the
purpose of evaluating the data, it has been considered that if the absence of
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rejection is independent of suppressed ADCC in peripheral blood then the pre-
graft frequency of non-suppressed activity would be maintained at the post-graft
intervals represented in Table I. The recipient response to azathioprine/steroid
immunosuppression is evident in the post-graft effector cell function levels, and
the frequency of suppressed recipients pre-graft (3/13) progressively increases in
the early post-graft term. A sustained frequency of non-suppressed ADCC activity
in recipients not experiencing rejection episodes would have implied that sup¬
pressed ADCC activity was not a pre-requisite for stable renal function. Conse¬
quently, if this assessment was correct, the frequency of non-suppressed ADCC
activity would be expected to have been maintained during the first post-graft
month of the 15 recipients experiencing irreversible graft rejection. The x3 test
from Table II indicated that this interpretation was correct.

Given that ADCC effector cell function levels are suppressed in the absence of
rejection and non-suppressed in association with steroid-resistant rejection, it was
not unexpected to observe (Table II() that ADCC generation preceded the onset
of the clinical manifestations of rejection. This confirmed the previous finding
[4] that ADCC generation was predictive of reversible rejection episodes experi¬
enced by 23 renal transplant recipients. The earlier study did not consider the
histology of rejection as only two recipients experienced rejection episodes which
were not cellular in nature. In this subsequent study, eight receipients experienced
pure vascular rejection episodes and it would appear that vascular rejection is not
reflected in non-suppressed ADCC effector cell function levels in peripheral blood.
This conclusion, drawn from only nine reversible vascular rejection episodes, may
prove to be premature.

The results provide further evidence that ADCC is active in the rejection of
human renal transplants and that it provides a suitable means ofmonitoring the
modifications induced by azathioprine/steroid immunosuppression. Three differ¬
ent post-graft courses were experienced by the 74 recipients studied: 17.6% (13/
74) experienced a course free of rejection episodes, 20.2% (15/74) experienced
graft loss following steroid-resistant acute rejection and 62.2% (46/74) experienced
steroid-reversible rejection episodes although a number of these led to ultimate
graft failure. It is possible that a variation in recipient ADCC response to azathio¬
prine/steroid therapy accounts for the different post-graft experiences.

Azathioprine/steroid immunosuppression is not always effective because of its
failure to reverse rejection, and may be inappropriate because of the failure to
suppress the effector cells towhich rejection is attributed [6]. Nonetheless it does
provide an adequate means of promoting a rejection episode free post-graft term
in approximately 20% of recipients and preliminary results [7] indicate that these
recipients may be identified before transplantation using an assay of in vitro
steroid suppression of ADCC. An alternative form of anti-rejection therapy is
required to avoid irreversible rejection in recipients with steroid-resistant ADCC.
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This was the first demonstration that in vitro response to steroids

by patient lymphocytes could predict the response to steroid therapy for

rejection following renal transplantation.



Correlation Between ADCC Resistance to In Vitro
Steroid and Renal Allograft Failure

t. J. Dumble, I. M. Macdonald, P. Kincaid-Smith, and G. J. A. Clunie

HIGH-DOSE steroids arc used to treatacute renal transplant rejection, which
occurs most frequently in the first postgraft
month. This form of antircjcction therapy is
unsuccessful in reversing nearly 507 of
episodes.1 which suggests that steroid-sensi¬
tive and steroid-resistant mediators arc opera¬
tive in the rejection process. The introduction
of antithymocytc globulin (ATG) has mark¬
edly reduced the incidence of early rejection
episodes2 and the mechanism of action may be
due to the suppression of antibody-dependent
cellular cytotoxicity (ADCC) effector cell
function. A subpopulation of T lymphocytes
with receptors for IgG (Tr.) has been identi¬
fied as the human lymphoid cfTcctor cell
population responsible for ADCC.'
On the basis of previous studies1' that

indicate that ADCC is involved in renal allo¬
graft rejection, wc arbitrarily defined recip¬
ient ADCC resistance or sensitivity to in vitro
meihylprcdnisolonc before beginning mainte¬
nance immunosuppression. A comparison of
the allograft survival times of recipients, clas¬
sified according to the result of the in vitro
assay, as steroid resistant or steroid sensitive
was made. The results appear to reflect the in
vivo situation, as 49.27 of the transplants to
steroid-resistant recipients fail to survive 3
months.

MATERIALS AND METHODS

Whole Blood ADCC
The method ha* been previously described in detail'

and provides an effective means of measuring ADCC
ctTcetor cell function from small volumes (<0.5 ml) of
blood. Briefly, the target cell (RCH-GK). a continuous
lymphoblastoid cell line, is "Cr-labclcd before being
sensitized with a dilution of rabbit antiserum to

RCH-GK. Cytotoxicity is mediated by a dilution of
«ashed heparinized blood. After incubation (37*C. R hr).
the percent antibody and spontaneous release values from
triplicate tests are used to calculate the percent specific
cytotoxicity.

Controls

Heparinized blood from 28 norisensitized staff volun¬
teers was used to determine the minimum concentration
of mclhylprcdnisolonc required to inhibit 50% of whole
blood ADCC activity.

Transplant Recipients
Heparinized blood was obtained from 58 recipients of

cadaver (46) and living related kidneys (12) preopcra-
tivcly. on the day of transplantation. Whole blood ADCC
assays were performed in the presence and absence of the
minimum mcthylprcdnisolonc concentration required to
suppress 50% of control whole blood ADCC.

RESULTS

In- Vitro Steroid Suppression of Whole
Blood ADCC

A concentration of 100 jig/ml methylprcd-
nisolonc totally inhibited ADCC activity of
all 28 control blood samples, while 10 pg/ml
suppressed 507 activity of all but one control
blood (4591). More dilute concentrations of
mclhylprcdnisolonc (5 and I pg/ml) caused
variable inhibition of control ADCC, but inhi¬
bition was <507 in :7:* individuals tested.
The results arc detailed in Table 1, and on

their basis, renal transplant recipient ADCC
response to in vitro steroid was assessed using
10 jrg/ml mclhylprcdnisolonc.

Renal Transplant Recipients
Whole blood ADCC of 25 recipients was

inhibited (>507) by 10 /rg/m! mcthylpred-
nisolonc. and these recipients were termed
steroid sensitive. The remaining 33 recipients

From the Department of Surgery. University of
Melbourne and the Department of Nephrology, Royal
Melbourne Hospital. Victoria. Australia.
Reprint requests should be addressed to L. J. Dumble,

Department of Surgery, Royal Melbourne Hospital,
Victoria. 305(1. Australia.
r 19HI by Grune & Stratton. Inc.
0041-1345/81/1303-0014S01.00/0

TrtnspitntJtton Proot&dr^s. Wet. XIII. No. 3 (Se©t*<T>b«<). 1981 1569



1570 DUMBIE ET AL.

Table 1. ADCC Inhibition by In Vitro Steroids in a
Control Group of 28 Nonsensitized Staff Volunteers

Melhylpredmsolone Concentration
(pg/ml)

100 10 5 1

Percent inhibition 100 45-70 30-55 25-50

were termed steroid resistant, as 50% inhibi¬
tion of whole blood ADCC required concen¬
trations of methylprednisolonc in excess of 10
Mg/ml (50-100 Mg/ml mcthylprcdnisolonc).

Clinical Correlation

Table 2 shows that 20 of 33 allografts to
steroid-resistant recipients failed to survive
compared with 22 functional grafts to 25
steroid-sensitive recipients. This represents a
statistically significant correlation between
ster.oid-resistant ADCC and renal allograft
failure, x2 (Yates corrected) = 12.1, p <
0.0005. Sixteen grafts to steroid-resistant
recipients failed in the first 3 months of trans¬
plantation, 15 due to rejection. The remaining
4 grafts lost from steroid-resistant recipients
were rejected, 2 before 12 months and 2
before 15 months. The loss of the 3 grafts to
steroid-sensitive recipients was attributed in
one case to renal artery rupture (graft
removed 8 days postoperatively) and rejection
in two instances where renal function was lost
7 and 8 months postoperatively.
Survival rates at 1, 2, 3, 6, 9, and 12

months arc given in Fig. 1 for all 58 recipients
(87.9%, 73.8%, 69.9%, 67.9%, 60.8%, and
60.8%), steroid-sensitive recipients (96.0%,
96.0%, 96.0%, 96.0%, 84.7%, and 84.7%), and

Table 2. Correlation Between In Vitro Steroid
Inhibition of ADCC and Renal Allograft Failure

Renal Transplant
Recipients (581

Methylprednisolone
(10 pg/ml)

ADCC

Sensitive Resistant Total

Functioning
allografts 22 13 35

Nonfunctioning
allografts 3 20 23

Total 25 33 58
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Fig. 1. Survival curve* of 88 renal transplant recip¬
ients. ( ) 88 renal allografts (with no exclusions):
( ) 25 renal allografts to recipients with in vitro
steroid-sensitive ADCC; ( ) 33 renal allografts to
recipients with in vitro steroid-resistant ADCC.

steroid-resistant recipients (81.8%, 57.6%.
50.8%, 47.4%, 43.4%, and 43.4%). The 12-
monlh graft survival rates of the total recip¬
ient group (60.8%) and the steroid-resistant
group (43.4%) contrast with the excellent
survival rate of the steroid-sensitive recipients
(84.7%). The feature of the survival curves is
that 16 allografts (49.2%) to steroid-resistant
recipients functioned for less than 3 months,
indicating an extremely poor prognosis for
these recipients.

DISCUSSION

Thomas et al.* reported the occurrence of
accelerated kidney rejection in some 20% of
stcroid/azathioprine maintained recipients,
but in no recipient receiving ATG. ADCC
activity was depleted in all ATG recipients;
while in 6 of 12 recipients treated with high-
dose i.v. methylprednisolone, ADCC activity
was decreased by <10%. Irreversible rejection
occurred in 4 of the 6 recipients with refrac¬
tory ADCC activity. In view of the curreni
concept that lymphoid ADCC effector cell.'
arc a subpopulation of T lymphocytes, thest
data provided a theoretical basis for the clini¬
cal success of ATG and supported the belie
that high-dose steroid therapy is inappro
priate and largely ineffective.

1
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Clinical experience indicates that high-
dose steroid therapy is only effective in revers¬
ing 50% of acute rejection episodes.1 The
present study of recipients treated with high-
dose i.v. mcthylprcdnisolone to counteract
rejection indicates that steroid-resistant rejec¬
tion can be defined by an in vitro assay
performed on the day of transplantation. The
definition of steroid-resistant recipients may
be used to avoid ineffective immunosuppres¬
sion by inappropriate means, thereby mini¬
mizing the tendency to infection.
Kraft et al.10 found lymphocytes from dial¬

ysis patients and renal transplant recipients to

be more resistant than those of normal

subjects to mcthylprcdnisolonc inhibition of
the phytohcmagglutinin (PHA) response.
ADCC and PHA responsiveness may both
provide an in vitro means of identifying the
steroid-resistant recipient. In the absence of
appropriate therapy such as ATG, the trans¬
plantation of steroid-resistant recipients ap¬
pears to be contraindicated, with 49.2% of
allografts failing to survive 3 months. It will
be necessary to confirm these findings in a
larger study and to define the mechanism of
steroid-resistant ADCC induction in potential
renal transplant recipients.
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Inhibition of the whole blood antibody dependent cellular cytotoxicity (ADCC) of a
lymphoblastoid cell line by heat aggregated human IgG (HAI) is described. Optimal sen¬
sitising antibody and effector cell concentrations were established to permit the detection
of 0.1 pg/ml HAI. Conditions which avoid the ADCC inhibitory effects of normal human
sera were defined.

Twelve paired normal human sera were stored at —70°C for prolonged (>3 years) and
shorter (<6 months) periods of time. Sensitised sheep red cells were used to determine
complement depletion in serum dilutions heated at 40°C, 45°C, 50°C and 56°C. Concen¬
trations of human IgG (1 000—0.1 pg/ml) were prepared in foetal calf serum before
heating at 63°C for 30 min to aggregate the IgG.

ADCC inhibitory activity, frequently characteristic of normal human serum was
minimised (<10%) when sera were stored at —70°C and heated to 50°C for 30 min to
inactivate serum complement. This assay provides an economical, reproducible and sensi¬
tive test for the detection of circulating IgG complexes.

INTRODUCTION

Effector cells of antibody dependent cellular cytotoxicity (ADCC) bind
aggregated immunoglobulin via Fc receptors (MacLennan, 1972). This prin¬
ciple has been used as a means of detecting circulating immune complexes in
human sera which compete with target cell bound antibody for Fc receptors
on cytotoxic effector cells. There are reports, however, that normal human
serum has ADCC inhibitory properties, which has limited the use of this test
(Barkas et al., 1976; Howat et al., 1979).
This study was designed to establish conditions which would amplify the

sensitivity of a whole blood ADCC inhibition test and reduce the inhibitory
effects of normal sera.

MATERIALS AND METHODS

Foetal calf serum (FCS)
Ten litres of Batch No. 089 FCS (Grand Island Biological Company,

0022-1759/81/0000—0000/$02.50 © 1981 Elsevier/North-Holland Biomedical Press
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U.S.A.) was stored in 10 ml aliquots at —70°C and heated (50°C, 30 min)
on the day required.

Medium
RPMI 1640 medium (Commonwealth Serum Laboratories, Parkville,

Australia) was supplemented with 10% FCS for use in the ADCC inhibition
assay. The target cell, RCH-GK, a human lymphoblastoid cell line, was main¬
tained in RPMI 1640 Medium supplemented with 20% FCS and antibiotics.

Normal human serum

An initial sample of clotted blood was obtained from 12 healthy staff
members and the serum stored at —'70°C for a period of 3—5 years. A second
sample of serum was obtained from the same 12 individuals and stored at
—70°C for less than 6 months.

On the day of testing, a 1 in 5 dilution of the 12 paired sera was prepared
in FCS. Diluted sera were heated at 40°C, 45°C, 50°C or 56°C before testing
for ADCC inhibitory activity.

Test for complement depletion
Sheep red cells were sensitised with rabbit-sheep red cell antibody.

Guinea-pig serum was titrated to determine the dilution which contained one
minimum haemolytic dose (m.h.d.) of complement. After heating at 40°C,
45°C, 50°C and 56°C, 200 pi of each serum was added to tubes containing
400 pi of sensitised 3% sheep red cells. The degree of haemolysis was com¬
pared with that of a control tube which contained 200 pi of diluted
(1 m.h.d.) guinea-pig serum, 400 pi of saline and 200 pi of 3% sheep red
cells. Complement was considered to be absent from heated sera where lytic
levels were <25% of the control test.

Heat aggregated immunoglobulin (HAI)
Concentrated human immunoglobulin (160 mg IgG/ml) was obtained

from Commonwealth Serum Laboratories, Parkville, Australia. The im¬
munoglobulin serum was diluted in FCS to contain 1 000, 500, 100, 50, 10,
5, 1.0 and 0.1 pg/ml of IgG. FCS (800 pi) was added to 200 pi of each IgG
concentration and the 1/5 dilutions of IgG were then heated at 63°C for 30
min to aggregate the immunoglobulin. No attempt was made to remove
residual monomeric IgG and all concentrations of HAI refer to the total IgG
content (monomeric and aggregated).

Whole blood ADCC assay
The assay has been described previously (Dumble et al., 1980) and is a

modification of the method reported by Gale and MacLennan (1976). In
brief, heparinised group O Rh negative blood was washed 3 times in normal
saline before reconstituting to 2, 5, 10, 20 and 40 times its original volume.
The 1/2, 1/5, 1/10, 1/20 and 1/40 blood dilutions were prepared from
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2 healthy subjects on 5 occasions and used to determine the optimal ratio of
effector cell concentration to target cell for demonstrating ADCC inhibition
by minimal concentrations of heat aggregated IgG.

The target cell, a continuous human lymphoblastoid cell line, RCH-GK
was maintained in RPMI medium containing 20% FCS and antibiotics. A
48 h culture of cells was labelled at 37°C with 51chromium (slCr). For radio-
labelling 0.3 ml of slCr (Amersham, U.K.: specific activity 1 mCi/ml) was
used per 1 X 106 cells. The target cells were then washed to remove non-cell
bound slCr and the volume adjusted with RPMI medium containing 10%
FCS to give a final concentration of 1 X 10s cells/ml.
Antibody to the RCH-GK cell line was obtained from subcutaneous

immunisation of a rabbit. The titre of the target cell antiserum was 2 X 106
in a whole blood ADCC assay. Rabbit anti-RCH-GK serum diluted 1/1 000,
1/10 000 or 1/100 000 was prepared in FCS to determine the sensitising
dose of antibody which would allow maximum ADCC inhibition by heat
aggregated IgG.
For each ADCC measurement, spontaneous and antibody induced 51Cr

releases were determined in triplicate using 12 mm X 72 mm plastic tubes.
Antibody induced 51Cr release tests consisted of 0.1 ml of target cell suspen¬
sion containing 1 X 104 cells, 0.1 ml of effector cells (1/2,1/5,1/10, 1/20 or
1/40 whole blood), 0.5 ml of rabbit anti-RCH-GK serum (diluted 1/1000,
1/10 000 or 1/100 000 in FCS) and either 0.05 ml of FCS in the case of the
control test or 0.05 ml of the 1/5 HAI concentration being tested for ADCC
inhibitory activity.

The spontaneous 51Cr release was obtained from tubes containing the
same volumes and concentrations of whole blood and target cells and either
FCS in the case of the control test or 1/5 HAI concentration in the case of
the inhibition test. To maintain constant volume, 0.05 ml of FCS was sub¬
stituted for the 0.05 ml of rabbit anti-RCH-GK dilution used in the antibody
51Cr release test.
After incubation of tubes at 37°C for 15 h, 0.5 ml of cold normal saline

was added to increase'the volume and thereby avoid contamination of the
supernatant with cells from the residue. Tubes were centrifuged at 2 000
r.p.m. for 5 min, following which 0.25 ml of the supernatant was transferred
into a Beckman microfuge tube.
Radioactivity from both the supernatant and the original incubation tube

was counted in a Packard Prias gamma counter programmed to print counts
per minute (c.p.m.) after subtracting the background irradiation. The per¬
cent of 51Cr release (51Cr.R) in antibody induced release tests (Ab.R) and
spontaneous release test (Sp.R) was calculated from the formula:

% 5iCr. R = (cpm supernatant) x 3 X 100
((3) (cpm supernatant)) — (cpm residue)

(The factor 3 was used to compensate for the transfer of only 1/3 of the
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supernatant volume into the Beckman tube for counting.)
The result of the ADCC assay was expressed as specific cytotoxicity (SC)

calculated from the formula:

Ab.R — Sp.RSC= i 100max.R — Sp.R

The maximum percent 51Cr release (max.R) was 75% and was obtained from
thrice frozen-thawed cells.

The percent ADCC inhibition (% inhibition) was calculated from the for¬
mula:

» T u u-x- control SC — test SC% Inhibition =
^ X 100control SC

RESULTS

The curves in Fig. 1 represent the mean percent whole blood ADCC inhi¬
bition by HAI with three different effector cell concentrations. Results ob¬
tained from two of the treated effector cell concentrations (1/20 and 1/40)
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Fig. 1. ADCC of RCH-GK cell line, sensitised with rabbit anti-RCH-GK diluted 1/100 000,
mediated by whole blood concentrations 1/10 ( ), 1/5 (— — —) and 1/2 ( ).
Plotted values are the mean of 10 triplicate performances of the assay using effector
cells from 2 healthy donors on 5 occasions. Standard deviations of the plotted points are
indicated by vertical bars.
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are not indicated in Fig. 1 as they produced insufficient percent specific
cytotoxicity (<8%) for practical use. Results from the use of 1/2, 1/5 and
1/10 blood dilutions indicate that the sensitivity of ADCC to inhibition by
HAI is related to the effector cell concentration. Blood diluted 1/10 proved
to be the optimal effector cell concentration, enabling the detection of 0.1
^tg/ml HAI from 10% ADCC inhibition. Less sensitive detection of HAI was
observed using blood diluted 1/2 and 1/5, 10% ADCC inhibition resulting
from concentrations of 10 pg and 200 pg/ml HAI respectively.

Target cell antibody concentration was also found to affect the sensitivity
of HAI inhibition of whole blood ADCC. Three antibody concentrations
were tested, using 1/10 blood as a source of effector cells. Points plotted in
Fig. 2 again represent the mean percent ADCC inhibition obtained in 10
triplicate performances of assay. The most dilute preparation of target cell
antibody (1/100 000) facilitated the detection of 0.1 pg/ml HAI from 10%
ADCC inhibition. Inhibition of ADCC, at the 10% level, detected no less
than 2 pg and 50 Mg/ml HAI when more concentrated antibody prepara¬
tions, 1/10 000 and 1/1 000 were used.
The second part of the study was designed to define conditions which

would minimise ADCC inhibitory activity by normal human serum. Two

CONCENTRATION H E AT—AGG R EGATE D

IMMUNOGLOBULIN G (pg ml.)

Fig. 2. Whole blood (1/10) ADCC of RCH-GK cell line, sensitised with rabbit antibody
diluted 1/100 000 ( ), 1/10 000, ( ) and 1/1 000 ( ). Plotted values
are the mean of 10 triplicate performances of the assay using effector cells from 2 healthy
donors on 5 occasions. Standard deviations of the plotted points are indicated by vertical
bars.
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possible causes of in vitro aggregation of monomeric immunoglobulin are
heat inactivation of serum to destroy complement and prolonged storage.
To investigate these two factors paired normal human sera stored at

—70°C for periods of 3—5 years and less than 0.5 years were heated at 40°C,
45°C, 50°C and 56°C for 7.5, 15, 22.5, 30, 45, 60, 75 and 90 min. Com¬
plement activity, as measured by the capacity of heated normal human
serum to lyse antibody sensitised sheep erythrocytes, was depleted by 50° C
heat in 30 min and 45°C heat in 60 min (Fig. 3). The recommended tem¬
perature for heat inactivation of serum complement, 56°C, resulted in more
rapid inactivation of complement (7.5 min). However, it was demonstrated
that complement inactivation of normal human serum, by 56°C heat (30
min) caused an increase in ADCC inhibitory activity (Fig. 4). This effect was
pronounced with sera which had been stored at —70°C for prolonged peri¬
ods.

The percent ADCC inhibition by HAI was calculated from the mean per¬
cent specific cytotoxicity estimates using 1/10 blood and 1/100 000 target
cell antibody (Table 1). These figures allow the construction of a standard
reference curve, identical to that indicated by the continuous line in Figs. 1
and 2, which may be used as a means of quantitating IgG immune complexes
in human sera from ADCC inhibitory activity.

it IS 30 45 60 75 90
TIME l MINUTES > '

Fig. 3. Residual haemolytic activity of 50 pi aliquots of normal human serum after
heating at 40°C ( ), 45°C ( ), 50°C ( ) or 56°C ( ). One hae¬
molytic unit of guinea-pig complement produced 100% lysis of sheep erythrocytes sen¬
sitised with rabbit anti-sheep erythrocyte antibody.
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TABLE 1

Percent inhibition of whole blood ADCC by heat aggregated IgG (HAI).

HAI Mean % specific Mean % ADCC Standard
concentration cytotoxicitya inhibitionb deviation
(/tg/ml)

Control 0 20.4 — 0.40

Standard HAI 1 000 5.1 75 2.11
concentrations 500 7.0 65.7 1.46

100 8.9 56.4 1.91
50 11.1 45.6 1.78
10 13.3 34.8 0.89
5 14.6 28.4 0.91
1 15.9 22.0 2.36
0.5 17.1 16.1 2.65
0.1 18.3 10.3 1.87

Substandard HAI 0.05 19.1 6.4 3.24
concentrations 0.01 19.8 2.9 2.91

0.001 20.4 — 0.42

a Mean percent specific cytotoxicity from 10 triplicate performances of assay.
b Percent ADCC inhibition = % S'C- (control)-% SC- (test>x 100

% S.C. (control)
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Fig. 4. Whole blood ADCC inhibitory activity of heated (50°C and 56°C) normal human
serum, stored at—70°C for (A) <0.5 years and (B) 3—5 years.

DISCUSSION

Whole blood ADCC, first described by Gale and MacLennan (1976),
provides an economical means of detecting IgG bearing immune complexes.
Large volumes of blood are not required, as 5 ml of blood provides 50 ml of
effector cell volume, sufficient to assay approximately 80 sera for ADCC
inhibition using the procedure described here. Two factors, the concentra-
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tion of effector cells and target cell antibody, determine the sensitivity of
whole blood ADCC to HAI. It appears that the optimal whole blood effector
cell concentration, in addition to yielding adequate ADCC levels, also pro¬
vides only sufficient Fc receptor numbers for saturation by the HAI concen¬
trations employed. Similarly, a minimum sensitising dose of target cell anti¬
body may enhance the sensitivity of the HAI detection by limiting contact
between the antibody coated target cell receptors and excess Fc receptors
remaining available to mediate ADCC after interaction with HAI.

Experiments performed on paired normal human sera, stored at —70°C for
prolonged and shorter periods of time indicated that, in the absence of
excessive exposure to heat (56°C for 30 min), ADCC inhibitory activity
(>10%) is not encountered. Other authors (Johnson et al., 1975; Soltis et al.,
1979) have noted that anticomplementary activity, possibly due to heat-
induced aggregation of immunoglobulin, follows heat inactivation at 56°C
for 30 min. Inactivation of serum complement is however an essential proce¬
dure, for this factor represents a variable which has been reported to aug¬
ment ADCC (Rouse et ah, 1977). We recommend that 50°C for 30 min is
sufficient to deplete serum complement levels and still avoid ADCC inhibi¬
tory activity due to in vitro aggregation of immunoglobulin, although Soltis
et ah (1979) recommend 53°C for 90 min.
Inhibition of whole blood ADCC provides a reproducible and economical

means of detecting HAI concentrations >0.1 pg/ml. Heat inactivation at
50°C of human serum stored at —70°C appears to avoid ADCC inhibitory
activity, which may allow the more widespread use of this assay for the
quantitation of circulating immune complexes in pathological sera.
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Prediction of Renal Allograft Rejection Response to
Steroids From ADCC Response to In Vitro Steroids

L. J. Dumble, G. J. A. Clunie, I. M. Macdonald, L. G. Bowes, and P. Kincaid-Smith

ACUTE rejection episodes in many renaltransplant recipients are resistant to
high-dose steroid treatment. This article
extends an earlier observation that recipient
response to steroid therapy in the treatment of
rejection may be predicted from the antibody-
dependent cellular cytotoxicity (ADCC) re¬
sponse to in vitro steroid.

MATERIALS AND METHODS

ADCC. The recipient lymphoid response to in vitro
methylprednisolone (100 jtg/ml) was estimated in the
manner previously described for whole blood ADCC
inhibition by steroid.' In brief, the assay utilizes a contin¬
uous lymphoblastoid cell line (RCH-GK) radiolabeled
(5lCr) before sensitization with diluted (1/1000) rabbit
antiserum to RCH-GK. Cytotoxicity is mediated by
density gradient purified lymphocytes (effector cell to
target cell ratio 20:1). After incubation (37°C, 8 hr), the
percent antibody and spontaneous release values from
triplicate tests are used to calculate the percent specific
cytotoxicity.

Controls. Lymphocytes from heparinized blood of 30
nonsensitized hospital staff were used to determine the
minimum concentration of methylprednisolone required
to inhibit 50% of the ADCC activity.
Transplant recipients. Lymphocytes from heparin¬

ized blood of 85 recipients of cadaveric kidneys were
prepared on the day of operation prior to the administra¬
tion of immunosuppressive drugs. ADCC assays were

performed in the presence and absence of the methylpred¬
nisolone concentration (100 Mg/ml), which suppressed
50% ADCC activity in the control group. HLA-A, HLA-
B, and HLA-DR typing and recipient serum crossmatch
tests were performed by the Tissue Typing Laboratory at
the Royal Melbourne Hospital using standard tech¬
niques.

RESULTS

Control Groups
Lymphoid ADCC was inhibited (>50%) by

100 Mg/ml methylprednisolone. This concen¬
tration of steroid was 10 times greater than
that required to suppress whole blood (diluted
1/10) ADCC.1 More dilute steroid concentra¬
tions induced more variable and less signifi¬
cant inhibition of control donor lymphoid

ADCC. On the basis of these results, the
recipient ADCC response to 100 pg/m\
methylprednisolone exposure was classified as
steroid-sensitive where >50% inhibition was

induced and steroid-resistant where inhibition
levels were <50%.

Transplant Recipients
ADCC of 36 recipients was inhibited

(>50%) by 100 Mg/ml methylprednisolone,
and these recipients were termed steroid-
sensitive. The remaining 49 recipients were
termed steroid-resistant. HLA matching (Ta¬
ble 1) between the two recipient groups
showed no significant differences. HLA-A,
HLA-B, and HLA-DR compatibilities were
considered separately and the respective per¬
centages of identical transplants at the HLA
subloci were 30.6, 19.4, and 37.9 in recipients
with steroid-sensitive ADCC and 22.4, 16.3,
and 29.4 in the steroid-resistant ADCC

group.

Clinical Correlation

Table 2 shows that 34 of 49 allografts to
recipients with steroid-resistant ADCC failed,
compared with only 5 of 36 in the steroid-
sensitive group. This demonstrates a highly
significant correlation between steroid-resis¬
tant ADCC and renal allograft failure (x2 =

25.7, p < 0.0001). Rejection was the major
cause of graft loss in the steroid-resistant
group and accounted for 22 of 24 failures in
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Table 1. HLA-A, HLA-B, and HLA-DR Matching in Renal Transplant Recipients With ADCC
Sensitive and Resistant to In Vitro Steroid

No. of Recipients (%)
Recipient No. of
Group Incompatibilities HLA-A HLA-B HLA-DR*

Steroid-sensitive ADCC 0 11 (30.6) 7 (19.4) 11 (37.9)
(r) - 36) 1-2 25 (69.4) 29 (80.6) 18 (62.1)

Steroid-resistant ADCC 0 11 (22.4) 8 (16.3) 10 (29.4)
(n - 49) 1-2 38 (77.6) 41 (83.7) 24 (70.6)

* HLA-DR matching not complete in 7 donor steroid-sensitive recipient pairs and 15 donor steroid-resistant recipient pairs

the 3-month post-graft term. In the following
21-month post-graft period, a further 10
transplants failed due to rejection in this
recipient group. In contrast, only 2 transplants
failed in the first 3 months of transplantation
in recipients with steroid-sensitive ADCC,
and one of these failures was not due to

rejection. A further 3 transplants failed due to
rejection in this recipient group between 7 and
12 months post-graft.
The percentage graft survival rates at 3, 6,

12, 24, and 36 months are shown in Fig. 1 for
all 85 recipients, steroid-sensitive recipients
and steroid-resistant recipients. The highest
incidence of graft failure is observed in the
0-3-month posttransplant term, with 31.0% of
transplants failing during that period. This
figure is significantly affected by the contri¬
bution of 24 nonsurviving transplants (23 due
to rejection) from recipients with steroid-
resistant ADCC. There is a strong contrast
between the 1 and 2-year graft survival rates
of recipients with steroid-sensitive ADCC
(84.0% and 84.0%) and those with steroid-
resistant ADCC (38.3% and 18.7%). These
figures are influenced by the continuing loss

Table 2. Incidence of Renal Transplant Failure in
Recipients With ADCC Sensitive and Resistant to

In Vitro Steroid

ADCC Response to
In Vitro Steroid

Allograft
Outcome Sensitive Resistant Total

Functioning 31 15 46

Nonfunctioning 5 34 39

Total 36 49 85

of transplants due to chronic rejection that
occurs chiefly in the steroid-resistant patient
group.

DISCUSSION

The arbitrary classification of renal trans¬
plant recipients into steroid-sensitive and ste¬
roid-resistant groups was determined in this
study from lymphocyte response to in vitro
methylprednisolone. The results confirm that
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ADCC resistance to in vitro steroid reflects
the resistance of rejection to high-dose steroid
therapy. Consequently, it appears to be bene¬
ficial to determine the response of ADCC to
alternative immunosuppressants such as anti-
thymocyte globulin, which is effective in
reducing the incidence of acute rejection epi¬
sodes and in suppressing ADCC effector cell
function levels.2 Similarly, cyclosporin-A has
been shown to reduce antibody production at
the T-lymphocyte helper cell level3 and, given
that ADCC has the same target cell destruc¬
tive mechanism in vivo as that observed in

vitro, this agent may also block ADCC-
mediated graft damage.
This report indicates that recipients with

steroid-sensitive ADCC are receiving appro¬

priate immunosuppression in the form of ste¬
roid antirejection treatment. Studies are cur¬

rently in progress to determine the possible
correlation between ADCC response to in
vitro antithymocyte globulin and the in vivo
response to this immunosuppressant. This
approach may allow specific antirejection
therapy to be implemented at the onset of
rejection.
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Diminished Incidence of Rejection in Renal Allograft
Recipients With ADCC Sensitive to In Vitro Steroids

L. J. Dumble, G. J. A. Clunie, I. M. Macdonald, L. G. Bowes, J. P. G. Dowling, and P. Kincaid-Smith

A DECREASED incidence of renal allo¬graft failure, due to rejection, has been
reported in recipients with in vitro steroid-
sensitive antibody-dependent cellular cytotox¬
icity (ADCC) when compared with recipients
with in vitro steroid-resistant ADCC.1 This
article describes the histologic findings in
serial renal biopsy material from 95 recipients
(39 ADCC steroid-sensitive, 56 resistant).
Interstitial (cellular) and vascular (humoral)
rejection lesions were absent from renal tissue
of seven recipients with stable renal function
in the steroid-sensitive group, but none of the
steroid-resistant recipient group with stable
transplants. The remaining 85 recipients (3
were excluded because of acute graft loss for
nonimmunologic reasons) experienced at least
one episode of unstable renal function that
was biopsy-proven to be associated with a
rejection lesion.

MATERIALS AND METHODS

ADCC

The recipient lymphoid response to in vitro methyi-
prednisolone (100 mg/ml) was estimated in the manner
previously described.1 In brief, the assay utilizes a contin¬
uous lymphoblastoid cell line (RCH-GK) radiolabeled
(5,Cr) before sensitization with diluted (1/1,000) rabbit
antiserum to RCH-GK. Cytotoxicity is mediated by
density-gradient-purified lymphocytes (effector cell to
target cell ratio, 20:1). After incubation (37°C, 8 hr), the
percent antibody and spontaneous release values from
triplicate tests are used to calculate the percent specific
cytotoxicity.
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Controls

Lymphocytes from heparinized blood of 36 nonsensi-
tized hospital staff were obtained to determine the mini¬
mum concentration of methylprednisolone required to
inhibit 50% of the ADCC activity.

Transplant Recipients
Lymphocytes from heparinized blood of 95 recipients

of primary cadaveric kidneys were prepared on the day of
operation prior to the commencement of immunosuppres¬
sion. ADCC assays were performed in the presence and
absence of the methylprednisolone concentration (100
mg/ml), which suppressed 50% ADCC activity in the
control group. All recipients received maintenance aza-
thioprine and prednisolone immunosuppression. Antire-
jection therapy (methylprednisolone, 1 g/day i.v. to a
maximum of 3 g) was administered following serum
creatinine increases of >0.03 mM/liter in a 24-hr period
with renal biopsy confirmation or where rejection was
indicated from the routine 7-10-day postgraft renal biop¬
sy. In addition, 14 more recent recipients received anti-
thymocyte giobulin treatment for rejection episodes that
did not respond to steroid antirejection treatment.

Transplant Histology
All recipients were biopsied after 7-10 days of trans¬

plantation. Routine biopsies were also performed at the
approximate postgraft intervals of 6, 12, and 24 months,
while recipients experiencing clinical manifestations of
rejection underwent further biopsy for the confirmation
and differential diagnosis of rejection. Sections of biopsy
tissue were examined by light microscopy to determine
the presence of lesions resulting from cell-mediated mech¬
anisms of graft destruction (interstitial rejection) and/or
lesions attributed to be antibody mediated (vascular
rejection).

RESULTS

Control Group
Lymphoid ADCC was inhibited (>50%) by

100 mg/m! methylprednisolone. As pre¬
viously reported,1 these results formed the
basis for classifying the recipient ADCC
response to 100 mg/ml methylprednisolone as
steroid-sensitive, where >50% inhibition was

induced, and steroid-resistant, where inhibi¬
tion levels were <50%.

1954 Transplantation Proceedings, Vol. XV, No. 3 (September), 1983
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Table 1. Percent Renal Allograft Failure Rates

Percent Posttransplant Allograft Failure (Number)
No. of

Recipients 3 MonthsGroup

Total 95 31.7(30)
Steroid-resistant 56 50.0 (28)
Steroid-sensitive 39 5.1 (2)

Transplant Recipients
ADCC of 39 recipients was inhibited

(>50%) by 100 mg/ml methylprednisolone,
and these recipients were termed steroid-
sensitive. The remaining 56 recipients were
termed steroid-resistant.

Allograft Failure Rates
The percent graft failure rates at 3, 6, 12,

24, and 36 months for all recipients (95),
steroid-sensitive (39), and steroid-resistant
(56) recipients are shown in Table 1. It is
obvious from the 3-month postgraft figures,
that failed transplants occur more frequently
in the recipient group with steroid-resistant
ADCC (50.0% failed transplants compared
with 5.1% in the steroid-sensitive group). The
increased incidence of failed transplants is
maintained in the steroid-resistant group to
the 24-month postgraft term (79.2%, c.f.,
17.8% in the steroid-sensitive group).

Renal Biopsy Histology
Ten recipients showed no evidence of inter¬

stitial or vascular rejection lesions. Three of
these transplants were removed for nonimmu-

Table 2. Allograft Rejection Lesions Detected in
Recipients With In Vitro Steroid-Sensitive and

Steroid-Resistant ADCC

Renal Biopsy Evidence
of Interstitial and/or
Vascular Rejection

Recipient ADCC Response to
In Vitro Steroids

No. No.

Sensitive Resistant Total

Not detected* 7 0 7

Detected 31 54 85

Total 38 54 92

X2 (Yates) = 8.30, p < 0.01.
•Three recipients (kidneys removed < 10 days postgraft

for nonimmunologic reasons) had no biopsy evidence of
rejection but are not included in this analysis.

37.5 (5) 45.3 (6) 53.9 (5) 53.9 (0)
60.0(5) 64.4(2) 79.2(5) 79.2(0)
5.1(0) 17.8(4) 17.8(0) 17.8(0)

nologic reasons within 10 days of transplanta¬
tion and have been excluded from the follow¬

ing analyses. Table 2 compares the incidence
of the absence of rejection (histologica lly con¬
firmed) in 38 recipients with in vitro sensitive
ADCC and 54 recipients with steroid-resis¬
tant ADCC. Seven of 38 recipients with ste¬
roid-sensitive ADCC were demonstrated from
serial renal biopsies to have no evidence of
rejection, compared with 0/54 steroid-resis¬
tant recipients with interstitial and/or vascu¬
lar lesions. The association between recipients
with in vitro steroid-sensitive ADCC and the
absence of rejection is statistically significant
[X2 (Yates) = 8.30, p < 0.01 j.
Both interstitial and vascular rejection was

detected in at least one biopsy from 65 recip¬
ients. Table 3 shows the incidence of these

superimposed lesions in recipients with ste¬
roid-sensitive ADCC (20) and steroid-resis¬
tant ADCC (45). A higher incidence of graft
failure was observed in the ADCC steroid-
resistant recipient group (32) compared with
the steroid-sensitive group (3). The associa¬
tion between graft failure, histologically
defined to be of both cellular and humoral
nature, with in vitro steroid-resistant ADCC

Table 3. Incidence of Renal Allograft Failure in
Recipients With Interstitial and Vascular Rejection

Lesions and In Vitro Steroid-Sensitive or

Steroid-Resistant ADCC

No. of Recipients
With Interstitial

and Vascular Rejection Lesions

In Vitro ADCC Response
Transplant to Steroid
Outcome Sensitive Resistant Total

Functioning 17 13 30

Nonfunctioning 3 32 35

Total 20 45 65

x2 (Yates) - 15.35, p < 0.001.
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is statistically significant [x2 (Yates) =
15.35,p < 0.001],
A further 12 recipients (6 steroid-sensitive,

6 steroid-resistant) were demonstrated to have
interstitial rejection without a vascular com¬
ponent. Three of these transplants failed in
the steroid-resistant recipient group and none
in the sensitive group. The remaining 8 recip¬
ients (5 steroid-sensitive, 3 steroid-resistant)
had rejection lesions of a vascular nature
without a cellular component. Function was
maintained in only 3 of these kidneys, all to
recipients with in vitro steroid-sensitive
ADCC.

DISCUSSION

Seven of 38 (18.4%) recipients with in vitro
steroid-sensitive ADCC were proven by serial
renal biopsy and clinical parameters not to
experience rejection. The significant inci¬
dence of postgraft courses without rejection
incidents in recipients with in vitro steroid-
sensitive ADCC supports our previous sugges¬
tion that azathioprine/steroid immunosup¬
pression is appropriate for this recipient
group.2
Interstitial or vascular rejection lesions

were detected in 20 recipients with in vitro
steroid-sensitive ADCC and 45 who were

insensitive. The rejection episodes in the ste¬
roid-resistant group were less responsive to
rejection therapy (71.1%, c.f., 15.0% graft
failure). High-dose steroids were the primary
treatment for the rejection episodes experi¬
enced by these 65 recipients. Fourteen recip¬
ients were selected for antithymocyte globulin
treatment when the rejection did not respond
to steroids. Antithymocyte globulin is re¬
ported to favorably influence the survival of
kidneys subject to steroid-resistant rejection.3
Consequently, a conclusion that steroid treat¬
ment is an ineffective means of controlling
rejection in recipients with in vitro steroid-

resistant ADCC is unlikely to be biased by the
use of antithymocyte globulin (in these 14
patients). The results from 12 recipients (6 in
vitro steroid-sensitive, 6 resistant), who
received only steroid antirejection treatment
for interstitial rejection without evidence of
vascular lesions, show a similar trend. The
rejection was controlled by the steroid treat¬
ment in all 6 in vitro steroid-sensitive recip¬
ients, but not in 3 of the 6 in vitro steroid-
resistant recipients.
In the smali group of recipients who experi¬

enced vascular lesions without interstitial

rejection, there was a poor response of this
type of rejection to steroid therapy in both the
in vitro steroid-sensitive group (40% graft
loss) and steroid-resistant group (100% graft
loss).
In summary, the findings may indicate that

two distinct lymphocyte subpopulations are
involved in cell-mediated human renal allo¬

graft rejection, one steroid-sensitive, the other
steroid-resistant. The in vitro ADCC response
to methylprednisolone appears to be a reliable
index of the rejection response in recipients
treated with steroids, to the extent that rejec¬
tion does not occur in a significant number of
recipients with in vitro steroid-sensitive
ADCC receiving azathioprine/prednisolone
maintenance immunosuppression. Finally, the
histologic assessment of renal biopsy material
appears to identify the cellular nature of the
rejection mechanism, which is predicted by
the in vitro assay to favorably respond to
steroid antirejection treatment.
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I
Antithymocyte Globulin-Induced Prolongation of Human
Renal Allograft Survival in Recipients With In Vitro

Steroid-Resistant ADCC

L.J. Dumble, G.J.A. Clunie, I.M. Macdonald, L.G. Bowes, and P. Kincaid-Smith

Although cyclosporine may. provide a major improvement in immu¬
nosuppression,1 control of rejection crises
remains a critical problem in renal transplan¬
tation. The agents most widely used in rejec¬
tion treatment are high-dose steroids, which
induce nonspecific immunosuppression, and
antithymocyte globulin (ATG), which is a
more selective immunosuppressant. We have
previously reported2 a significant incidence of
steroid-unresponsive rejection episodes in
renal transplant recipients with in vitro meth-
ylprednisolone-resistant antibody-dependent
cellular cytotoxicity (ADCC). This report
extends that observation and contains prelimi¬
nary information suggesting that the inci¬
dence of acute graft failure caused by rejec¬
tion in recipients with in vitro steroid-resistant
ADCC may be reduced by ATG antirejection
therapy.

MATERIALS AND METHODS

In Vitro Immunosuppressants
Methylprednisolone concentrations (10 to 200 Mg/mL)

and ATG dilutions (1/10 to 1/1,000)) were prepared in
distilled water and saline, respectively, from Solu-Medrol
and ATGAM (The Upjohn Co, Kalamazoo, Mich).

ADCC

The recipient lymphoid response to in vitro methyl¬
prednisolone and ATG was estimated in the manner

previously described for whole blood ADCC inhibition by
steroid.3

In brief, the assay uses a continuous lymphoblastoid
cell line (RCH-GK) radiolabeled (5lCr) before sensitiza¬
tion with diluted (1/1,000) rabbit antiserum to RCH-
GK. Cytotoxicity is mediated by density gradient purified
lymphocytes (effector-target ratio of 20:1). After incuba¬
tion (37 °C for eight hours), the percentage of antibody
and spontaneous release values from triplicate tests are
used to calculate the percentage of specific cytotoxicity.

Controls

Lymphocytes from heparinized blood of 30 nonsensi-
tized hospital staff members were used to determine the

minimum concentration of methylprednisolone and ATG
required to inhibit 50% of the ADCC activity.

Transplant Recipients
Lymphocytes from heparinized blood of 111 recipients

of primary cadaveric kidneys were prepared on the day of
operation before the administration of immunosuppres¬
sive drugs. ADCC assays were performed in the presence
and absence of the methylprednisolone concentration
(100 /ag/mL) and the ATG dilution (1/100) that sup¬
pressed 50% ADCC activity in the control group. HLA-
A, -B, and -DR typing and recipient serum crossmatch
tests were performed by the Tissue Typing Laboratory at
the Royal Melbourne Hospital using standard tech¬
niques.
All recipients received azathioprine and prednisone

immunosuppression administered in the manner pre¬
viously described.4 Acute rejection episodes were experi¬
enced by 104 of the 111 recipients and were treated by
courses of 3 x 1 g doses of methylprednisolone to a
maximum of three courses. More recently transplanted
recipients (n - 26) experiencing steroid nonresponsive
acute rejection episodes subsequently received ATGAM
therapy (250 mg/d for 14 days).

RESULTS

Control Groups
Lymphoid ADCC was inhibited (>50%) by

100 )tg/mL methylprednisolone. This concen¬
tration of steroid was ten times greater than
that required to suppress whole blood (diluted
1/10) ADCC.2 More dilute steroid concentra¬
tions induced more variable and less signifi¬
cant inhibition of control donor lymphoid
ADCC. ATG, diluted 1/200, suppressed 50%
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of the ADCC activity in 22 of 30 control
donors, whereas 1/100 ATG induced >50%
inhibition (range, 60% to 100%) in all 30
controls. On the basis of these results, the
recipient ADCC response to 100 /ug/mL
methylprednisolone or 1/100 ATG exposure
was classified as sensitive where >50% inhibi¬
tion was induced and resistant where inhibi¬
tion levels were <50%.

Transplant Recipients
ADCC of 45 recipients was inhibited

(>50%) by 100 Mg/mL methylprednisolone
and these recipients were arbitrarily classified
as steroid sensitive. The remaining 66 recip¬
ients were termed steroid resistant. ADCC

sensitivity to in vitro ATG was determined in
35 of the 111 recipients. Four recipients had
ATG-resistant ADCC that was also steroid
resistant. The remaining 31 recipients had
ATG-sensitive ADCC, nine in association
with ADCC steroid sensitivity and 22 with
ADCC steroid resistance. Analysis of HLA-
A, -B, and -DR matching showed no signifi¬

cant differences between the ADCC steroid-
sensitive or -resistant groups.

Clinical Correlation

The graft survival rates at 1,3, 6, 12, 24,
36, and 48 months for the 85 recipients who
received only azathioprine and steroid immu¬
nosuppression are shown in Table 1. The graft
survival rates for the same recipients after
subdivision into in vitro steroid-sensitive (41
patients) or -resistant (44 patients) groups at
the same postgraft times were 95.1%, 95.1%,
95.1%, 83.9%, 77.4%, 73.4%, and 66.6% or

68.2%, 43.8%, 41.4%, 36.5%, 31.6%, 25.3%,
and 15.2%, respectively. The survival of kid¬
neys in the remaining 26 recipients who were
treated with ATG after rejection episode
unresponsiveness to high-dose steroid therapy
was as follows: three of four recipients (in
vitro steroid-sensitive ADCC) have function¬
ing grafts at 16, 22, and 23 months, the other
graft failing after seven months. The 1-, 3-,
and 6-month graft survival rates of the
remaining 22 patients (in vitro steroid resis-

Table 1. Renal Transplant Survival Times in 85 Recipients Receiving Azathioprine/Steroid Immunosuppression

No. of Months No. of ADCC Response No. of Percentage of
Postgraft Recipients to Steroid Graft Failures Graft Survival

1 85 16 81.2

41 Sensitive 2 95.1

44 Resistant 14 68.2

3 67 10 69.1

39 Sensitive 0 95.1

28 Resistant 10 43.8

6 56 1 67.9

38 Sensitive 0 95.1

18 Resistant 1 41.4

12 51 6 59.9

34 Sensitive 4 83.9

17 Resistant 2 36.5

24 41 4 54.0

26 Sensitive 2 77.4

15 Resistant 2 31.6

36 29 3 48.4

19 Sensitive 1 73.3

10 Resistant 2 25.3

48 16 3 39.3

1 1 Sensitive 1 66.6

5 Resistant 2 15.2
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Table 2. Renal Transplant Survival Times in 66 Recipients With In Vitro Steroid-Resistant ADCC

No. of Months No. of ATG Treatment No. of Percentage of
Postgraft Recipients for Rejection Graft Failures Graft Survival

1 22 + 0 100.0
44 - 14 68.2

3 19 + 3 84.2

28 - 10 43.8

6 14 + 4 60.1
18 - 1 41.4

tant) treated with ATG are shown in Table 2,
which compares the results with those
obtained in the 44 recipients, also with ste¬
roid-resistant ADCC, who did not receive
ATG treatment. While the one-month graft
failure rate in recipients not receiving ATG
treatment for rejection is 31.8%, no trans¬
plants were lost in ATG-treated recipients
with in vitro steroid-resistant ADCC in that

postgraft period. Similarly, at three months
posttransplant the incidence of graft failure in
recipients with steroid-resistant ADCC ap¬
pears higher in non-ATG-treated patients
(56.2%; 15.8% in the ATG-treated group),
although in the three- to six-month postgraft
term the incidence of graft failure increases in
the ATG-treated group.

DISCUSSION

These results confirm our initial observa¬
tion that the response of renal transplant
recipient ADCC to in vitro methylpredniso-
lone reflects the potential of steroids to resolve
acute rejection. The study defines a recipient
group in which steroids are an appropriate
form of rejection treatment and a group in
which they are not. The poor graft survival
rate in steroid-treated recipients with in vitro
steroid-resistant ADCC suggests that these
patients require an alternate form of therapy.
In a group of recipients with in vitro steroid-
resistant ADCC, who were treated with ATG

after steroid-resistant rejection episodes, graft
survival rates are improved although the pro¬
longation may only be short term. Nonethe¬
less, in ATG-treated recipients with steroid-
resistant ADCC, no graft failures occurred in
the first month of transplantation, compared
with 14/44 one-month failures in the patient
group who did not receive ATG rejection
treatment. However, the incidence of graft
loss in the ATG-treated patient group
increases in the three- and six-month post-
graft terms, with survival rates decreasing to
84.2% and 60.1%, whereas those in the ste¬
roid-treated patient group show a relative
decline in the incidence of graft failure during
the same periods, with survival rates of 43.8%
and 41.4%, respectively.
Further studies are required to determine

whether the clinical response to ATG may be
determined at the time of transplantation
from the in vitro ADCC response to ATG. On
the basis of these findings it may then be
possible to prescribe individual therapy on the
basis of in vitro tests.
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vitro analogue of at least part of the rejection response, could be used to
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modified by blood transfusion prior to transplantation.



Induction of Steroid-Resistant Lymphoid Populations in
Renal Dialysis Patients: Association With

Pretransplant Transfusion
L.G. Bowes, L.J. Durnble, G.J.A. Clunie, I.M. Macdonald, and P. Kincaid-Smith

THIS STUDY was performed to investi¬gate pretransplant factors that may
influence lymphoid responsiveness to immu¬
nosuppressive agents in vitro. The in vitro
response to steroids, and possibly to antithy-
mocyte globulin, appears to predict renal allo¬
graft rejection responses to antirejection ther¬
apy.' In previous reports,1-2 recipient steroid
sensitivity was denned from the in vitro effect
of methyl prednisolone on antibody-depen¬
dent cellular cytotoxicity (ADCC); however,
to increase the relevance of in vitro drug
responses to clinical transplantation, the
mixed lymphocyte culture (MLC), believed to
be the in vitro analogue of at least part of the
rejection response, has been used in this cur¬
rent study. Factors that may affect patient
MLC response to drugs in vitro included
number of pregnancies and blood transfu¬
sions, previous failed transplants, and primary
renal disease leading to end-state renal fail¬
ure.

MATERIALS AND METHODS

Hemodialysis Patients
Serial ML.C assays were performed at 14-day intervals

in 24 dialysis patients (16 male; eight female, one with
past history of three pregnancies). Studies in 20 patients
commenced from the time of the initial dialysis and in the
other four at the recommencement of dialysis following a
failed renal transplant.

Mixed Lymphocyte Culture
The assay that utilizes a panel of Epstein-Barr Virus

(EBV)-transformed continuous lymphoblastoid cell lines
to magnify (5 to 20 times) the MLC response is described
in detail elsewhere.3 In brief, patient responder cells arc

prepared from heparinized blood bv density gradient
separation before suspension (1 x 106 lymphocytes/mL)
in glutamine, antibiotic-supplemented RPMI medium
containing 10% autologous patient scrum. The stimulator
panel of EBV-cell lines is prepared to contain equal

numbers of four cell lines that carry eight (two per cell
line) different, HL.A-DR antigens. The stimulator panel
is irradiated (13,000 rad) before suspension at 1 x 106
cells/mL in glutamine, antibiotic-supplemented RPMI
medium also containing 10% autologous patient serum.
Equal volumes (0.1 mL) of responder and stimulator cells
are incubated with 0.05 mL of medium or 0.05 mL of 1.0

rig/ml. methyl prednisolone or 1.0 /rg/mL of antithymo-
cyte globulin (ATG). The drug concentrations used to
determine patient responsiveness in vitro were shown to
inhibit (50%) MLC responsiveness in a healthy, nontrans-
fused, nonparous staff population (n - 30). Following
incubation at 37 °C (5% C02) for five days, 1.0 gCi of
tritiated thymidine is added and cultures incubated for a
further six hours before cells are automatically harvested
(Skatron, Lierbycn, Norway) onto Titertek (Flow Labo¬
ratories, UK) filter paper, which is placed in vials con¬
taining liquid scintillation fluid and counted in a Beck-
man Beta (Beckman Instruments, USA) counter. MLC
responses from responder, stimulator, and steroid- or
ATG-containing cultures were compared with those that
were drug free to calculate the percentage of MLC
inhibition induced by steroid or ATG. The MLC response
was considered sensitive to in vitro steroid or ATG where
the inhibition level was 50% or greater and resistant
where inhibition was less than 50%j.

RESULTS

In vitro steroid- and ATG-sensitive MLC
results were obtained from 18 of the 24

patients, and the drug-unmodified MLC
response is given in Table 1 for this patient
group together with details of renal pathology
before admittance to the dialysis program,
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Table 1. Renal Pathology, Number of Transfusions and Failed Transplants, and In Vitro Steroid- and

ATG-Sensitive MLC in Hemodialysis Patients*

Patient Renal Number of Previous Number of Previous MLCf
ID Pathology Transfusions Transplants (cpm)

M 1 Polycystic kidneys 4 0 19,333
M 2 Proliferative GN 1 0 11,254
F 3 Polycystic kidney 5 0 24,775
M 4 Focal, segmental hyalinosis 4 0 20,658
M 5 Polycystic kidneys 3 0 13,347
M 6 Polycystic kidneys 3 0 9,1 12
F 7 Analgesic nephropathy 6 0 29,323
F 8 Reflux nephropathy 3 0 28,099
M 9 Medullary cystic 5 0 21,029
M 10 Trauma >2 0 16,418
M 11 Mesangiocapiliary GN 4 0 25,176
M 12 IgA nephropathy 2 0 43,441
F 13 Focal, segmental hyalinosis 0 0 12,463
M 14 IgA nephropathy 0 0 31,173
M 15 Reflux nephropathy 0 0 28,028
M 16 Interstitial damage 0 0 9,119
M 17 Polycystic kidneys 0 0 35,421
M 18 IgA nephropathy 4 0 4,241

Abbreviation: GN, glomerular nephritis.
•Steroid- or ATG-sensitive MLC is 50% or greater inhibition by 1.0 fig methyl prednisolone or 1.0 M9/mL antithymocyte

globulin (ATG). Table 1 contains the most recent of serial MLC assays except for patients 2, 4, 8, and 10, for whom the MLC
given is that before an MLC resistant to in vitro steroid and/or ATG was observed.

number of blood transfusions (some transfu¬
sions were received before end-stage renal
failure and dialysis commencement, and five
patients were untransfused during the study
term), and the number of previously failed
kidney transplants (none in this patient
group). The MLC response recorded in Table
1 is the most recent of serial assays for 14
patients that showed steroid- and ATG-sensi¬
tive MLCs. However, four patients (numbers
2, 4, 8, and 10) developed steroid- and/or
ATG-resistant MLCs; in these instances, the
result in Table 1 indicates the final MLC

response that was demonstrated to be sensitive
to in vitro steroid and ATG.
Table 2 includes the renal pathology, num¬

ber of transfusions and failed transplants, and
the most recent MLC response with details of
MLC sensitivity to in vitro steroid and/or
ATG in 10 patients (four following prior
drug-sensitive MLC results). All patients in
this group had received blood transfusions,
and four had experienced a failed renal trans¬
plant. The predominant drug resistance was to
steroids (nine of ten compared with five of ten

resistant to ATG), with four patients reveal¬
ing steroid- and ATG-resistant MLC re¬

sponses and one a steroid-sensitive but ATG-
resistant reponse. Results from serial assays in
each patient indicate that in vitro steroid- or
ATG-resistant MLC responses do not revert
to sensitive responses.

DISCUSSION

The results in this study indicate that MLC
resistance to in vitro steroid and ATG, like in
vitro resistance ADCC, occurs in a significant
number of renal dialysis patients but not in
healthy individuals with no previous history of
blood transfusion or pregnancy. Some of the
factors that may induce lymphoid unrespon¬
siveness to immunosuppressants in vitro have
been considered in this study.
The preliminary data suggest that gender is

not a factor in the induction of drug-resistant
MLC responses; in 14 male and four female
patients with initial in vitro sensitive MLC
responses, the number who were observed to
acquire resistance (three male, one female) is
consistent with the original ratio.
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Table 2. Renal Pathology. Number of Transfusions and Failed Transplants and In Vitro Steroid and/or
ATG-Resistant MLC in Fiaemodialysis Patients*

Patient Renal Number of Previous Number of Previous MLCf
MLC Response}:

ID Pathology Transfusions Transplants (cpm) Steroid ATG

M 2 Proliferative GN 2 0 20,213 R S

M 4 Focal and segmental 5 0 50,239 R S

F 8 Reflux nephropathy 4 0 31,558 R S

M 10 Trauma >3 0 34,403 R S

M 19 Reflux nephropathy 2 0 58,731 S R

F 20 Reflux nephropathy 2 0 9,559 R R

M 21 Diabetic nephropathy 5 1 12,912 R S

F 22 Reflux nephropathy 6 1 33,325 R R

F 23 Hemolytic uraemic syndrome >10 2 32,951 R R

F 24 Malignant hypertension >20 1 38,699 R S

•Table 2 contains the most recent result from serial assays in ten patients whose MLC response maintains resistance to the
in vitro steroid or ATG.

fMLC in absence of steroid or ATG, expressed as counts per minute.
%S = sensitive (>50% inhibition) and R = resistant (<50% inhibition) MLC to in vitro methyl prednisolone (1 /ig/mL) or

antithymocyte globulin (1 /ng/mL).

Pregnancy was not a factor in the four
patients who developed drug-resistant MLC
reponses during the course of the study, and,
in fact, only one patient in the study group
(number 13) had any previous history of preg¬
nancy.
The details of renal pathology indicate that

there is an increased incidence of MLC ste¬

roid- and ATG-resistant responses in patients
whose renal failure was due to reflux nephro¬
pathy. However, because of the small number
of patients studied, it would be unwise to
speculate the reason for this unless the trend
continues in an extended study.
Two factors that appear associated with

steroid- and/or ATG-resistant MLC re¬
sponses are blood transfusion and past history
of renal transplant rejection. All ten patients
with steroid- and/or ATG-resistant MLCs
had received at least two transfusions com¬

pared with five of 14 patients with steroid-
and ATG-sensitive MLC responses who were
untransfused. The four patients who devel¬
oped immunosuppressant-resistant MLCs
during the study term had each received a
blood transfusion in the time interval between
the MLC assays in which a change in in vitro
response to steroid or ATG was detected.
Consequently, patients 2, 4, 8, and 10 were
classified as steroid- and ATG-sensitive fol¬

lowing one, four, three, and two or more blood
transfusions, respectively, but they were ste¬
roid- and/or ATG-resistant after receiving
two, five, four, and three or more transfu¬
sions.
Four patients were readmitted to the dialy¬

sis program following rejection of a cadaveric
renal transplant, and each was observed to
have an MLC response resistant to in vitro
steroid; the response in two of these patients
was also ATG resistant. This result is consis¬
tent with the clinical response to antirejection
therapy in these patients as two experienced
graft failure following steroid and ATG treat¬
ment and two following treatment with high-
dose steroids only.
The frequency of patients with steroid-

resistant MLC responses, nine of 24 (37.5%),
is not inconsistent with the frequency of ste¬
roid-resistant rejection in renal transplanta¬
tion.4 Similarly, the frequency of ATG-resis¬
tant MLC responses, four of 24 (16.6%) of
total patients and three of nine (33.3%) of
patients with steroid-resistant MLC re¬
sponses, parallels the patient rejection
response to ATG when this reagent is used as
a first-line antirejection agent4 or to treat
steroid-unresponsive rejection.5 However, the
value of MLC responses to immunosuppres¬
sants in vitro in predicting renal allograft
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rejection responses to antirejection therapy
cannot be ascertained until the transplanta¬
tion experience of the patients in this study is
obtained and extended to a larger patient
group. Nonetheless, the results do indicate
that blood transfusion is an important factor
in the induction of lymphoid unresponsiveness
to immunosuppression in vitro irrespective of
the relevance of this to the postgraft experi¬
ence of renal transplant recipients.
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Blood Transfusion Induction of
Immunosuppressant-Resistant Lymphoid Populations

in Dialysis Patients
L.G. Bowes, L.J. Dumble, G.J.A. Clunie, I.M. Macdonald, and P. Kincaid-Smith

PRETRANSPLANT blood transfusion ofrenal allograft recipients is associated
with the induction of lymphoid resistance to in
vitro steroid,1 which predicts rejection epi¬
sodes that are unresponsive to steroid antire-
jection therapy.2 This study was performed to
determine whether the induction of lymphoid
resistance to other in vitro immunosuppressive
agents, antithymocyte globulin (ATG) and
cyclosporine (CsA) occurs during the pre-
transplant term of dialysis. Factors such as
the primary renal disease leading to end-stage
renal failure and the number of pregnancies,
and blood transfusions which may contribute
to the induction of in vitro immunosuppressive
drug-resistant lymphoid responses, were con¬
sidered.

MATERIALS AND METHODS

Dialysis Patients
Serial mixed lymphocyte culture (MLC) assays were

performed at 14-day intervals in 61 dialysis patients, 33
male and 28 female (five with a past history of pregnan¬
cy). All patients were studied from the first month of
entry into the dialysis program, and none had a prior
record of a failed transplant.

MLC

The assay, which uses a panel of Epstein-Barr virus
(EBV)-transformed continuous lymphoblastoid cell lines
to magnify (five to 20 times) the MLC response, has been
described in detail elsewhere.' In brief, patient responder
cells are prepared from heparinized blood by density
gradient separation before suspension (1 x 106 lympho-
cytes/mL) in glutamine, antibiotic-supplemented RPMI
medium containing 10% autologous patient serum. The
stimulator panel of EBV cell lines is prepared to contain
equal numbers of four cell lines that carry eight different
(two per cell line) HLA-DR antigens. The stimulator
panel is irradiated (13,000 rad) before suspension at 1 x
106 cells/mL in glutamine, antibiotic-supplemented
RPMI medium also containing 10% autologous patient
serum. Equal volumes (0.1 mL) of responder and stimula¬
tor cells are incubated with 0.05 mL of medium or 0.05

mL of 1.0 Mg/mL methylprednisolone (MeP) or 1.0
Mg/ml. of ATG or 0.1 fig of CsA. The drug concentra¬
tions used to determine patient in vitro responsiveness
were shown to inhibit (50%) MLC responsiveness in a

healthy, nontransfused, nonparous staff population
(n - 30). Following incubation at 37°C (5% C02) for five
days, 1.0 pCi of tritiated thymidine is added and cultures
incubated for a further six hours before the cells are

automatically harvested (SKATRON, Norway) on to
Titertek (Flow Laboratories, England) filter paper that is
placed in vials containing liquid scintillation fluid and
counted in a Beckman (USA) beta counter. MLC
responses from responder, stimulator, and MeP-, ATG-,
or CsA-containing cultures were compared with those
that were drug free to calculate the percentage of MLC
inhibition induced by immunosuppressive drugs. The
MLC response was considered sensitive to in vitro MeP,
ATG, or CsA when the inhibition level was >50% and
resistant when the inhibition was <50%.

RESULTS

A summary of the dialysis patient MLC
responses to in vitro MeP, ATG, and CsA is
shown in Table 1. Lymphoid resistance to in
vitro MeP was observed in 23 of the 61

patients, and resistance to in vitro ATG and
CsA was seen in 13 and 11 patients respec¬
tively. Resistance to in vitro ATG or CsA was
associated with MeP resistance in each

patient, but only seven patients demonstrated
resistance to the three in vitro agents tested,
with six patients having MeP- and ATG-
resistant responses that were CsA sensitive
and four patients having MeP- and CsA-
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Table 1. Dialysis Patient MLC Response to In Vitro
Immunosuppresive Drugs

MLC Response
In - 61)

to In Vitro Drug MeP ATG CsA

Sensitive (>50% inhibition) 38 48 50

Resistant (<50% inhibition) 23 13 1 1

resistant responses that were ATG sensitive.
The remaining 38 patients studied had MLC
responses sensitive to in vitro MeP, ATG, and
CsA.
Table 2 summarizes the number of pre-

transplant blood transfusions received by the
patients with in vitro sensitive or resistant
MLC responses and the transplant outcome in
28 of these patients (14 from each group) who
subsequently received a primary cadaveric
kidney allograft. There appears to be an asso¬
ciation between the number of pregraft trans¬
fusions and the induction of lymphoid resis¬
tance to in vitro immunosuppression, with
42.0% of patients with sensitive responses
receiving two or less transfusions whereas
95.6% of patients with resistant responses
have received three or more transfusions. The
second trend indicates that transplant failure
due to rejection occurs more frequently in
recipients with in vitro immunosuppressant
resistant lymphoid responses—four of 14
(28.5%) compared with zero of 14 from the in
vitro immunosuppressant sensitive group.
The results in Table 3 indicate that the

patient's primary renal disease precipitating
end-stage renal failure predisposes to the
development of lymphoid resistance to in vitro
immunosuppressive agents. The frequency of
in vitro resistance in patient groups with renal
failure following glomerulonephritis (7/24),
polycystic kidney disease (2/9), and other

Table 3. Renal Pathology and MLC Responses
to In Vitro Immunosuppressive Drugs

MLC Response to
In Vitro

Immunosuppression

Renal Pathology Patients Sensitive Resistant

Reflux nephropathy 12 2 10

Glomerulonephritis 24 17 7

Polycystic kidney 9 7 2

Analgesic nephropathy 4 4 0

Miscellaneous 12 8 4

Total 61 38 23

miscellaneous kidney diseases including anal¬
gesic nephropathy (4/16) is approximately 1
in 4 or 25%. However, ten of 12 patients
(83.3%) whose renal failure was due to reflux
nephropathy showed lymphoid resistance to in
vitro drugs (in particular to steroids). Six
patients in the reflux nephropathy group have
subsequently received kidney transplants (in¬
cluded in Table 2 in the 23 in vitro MLC-
resistant patients), and three have experi¬
enced transplant failure due to rejection.
A past history of pregnancy does not appear

to influence the development of MLC resis¬
tance to in vitro immunosuppressants because
four of five patients who had previous preg¬
nancies were found to have MLC-sensitive

responses.

DISCUSSION

The assignment ofMLC in vitro drug resis¬
tance in this study is made on the basis of the
minimum concentration of MeP (1.0 ng),
ATG (1.0 ;ug), and CsA (0.1 ng) required to
inhibit MLC responses of a healthy control
population who have no history of pregnancy
or blood transfusion. Results from the 61

dialysis patients studied indicate that a simi-

Table 2. Dialysis Patient MLC Responses to In Vitro Immunosuppressive Drugs. Number of Transfusions, and
Renal Transplant Outcome

Renal Transplantation

No. of MLC Response to No. of No. of

Patients Immunosuppression O 1-2 >3 Patients Rejected Grafts

38 Sensitive 4 (10.5%) 12 (31.5%) 22 (57.9%) 14 0

23 Resistant 0(0%) 1 (4.3%) 22 (95.6%) 14 4
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lar level of MLC sensitivity to in vitro immu¬
nosuppressive agents exists before the com¬
mencement of the pretransplant program of
deliberate blood transfusion. However, MLC
resistance to in vitro immunosuppression was
acquired by 16 patients during their dialysis
term following receipt of a transplant-condi¬
tioning blood transfusion. The acquired MLC
resistance to the in vitro drugs was associated
with a variable number of blood transfusions,
one patient developing resistance after one
transfusion and others received two to five
transfusions before the MLC resistance was

observed. The remaining seven patients who
had MLC drug-resistant responses entered
the dialysis program with at least steroid-
resistant responses, and each of these patients
had a past history of blood transfusion. In the
38 patients with MLC-sensitive responses, 4
patients (10.5%) were untransfused, and 12
(31.5%) had received only one or two transfu¬
sions. This represents a different distribution
of transfusion frequency from the MLC drug-
resistant patient group, 95.6% of whom had
received at least three transfusions. This dif¬
ference in transfusion frequency and the
development of resistance in 16 patients dur¬
ing the period of transfusion conditioning for
transplantation appear to implicate blood
transfusion as one of the agents for decreasing
the sensitivity of dialysis patient MLC
responses to immunosuppressants.
It seems from these results that the proba¬

bility of blood transfusion-induced MLC
resistance to in vitro immunosuppression is
markedly increased in patients whose renal
failure is due to reflux nephropathy. Twelve
reflux nephropathy patients were studied, and
ten developed immunosuppressant-resistant
MLC responses following one to five transfu¬
sions. The two reflux nephropathy patients
who remain in the MLC drug-sensitive group
have received, to date, one and two transfu¬
sions respectively. There are several reports
that suggest reflux nephropathy has a genetic
basis with the involvement of immunologic

mediators. First, a mutant dominant allele is
an important causal factor predisposing to
the development of vesicoureteric reflux,3
whereas the appearance of arteriolar and glo¬
merular lesions in reflux nephropathy
(chronic atrophic pylonephritis) suggests that
immunologic damage has contributed to the
vascular lesions commonly observed in these
patients.4 The unexpectedly high incidence of
lymphocyte resistance to in vitro immunosup¬
pressive agents in the reflux nephropathy
patient group in association with blood trans¬
fusion reflects a cellular immune mechanism
that is not demonstrable in other end-stage
renal failure patient groups.
Finally, the transplantation outcome of

patients with MLC-sensitive and -resistant
responses indicate that graft failure due to
rejection occurs in the resistant group.
Although the numbers at this stage are too
small for meaningful analysis, the trend sug¬
gests that immunosuppressant-resistant MLC
responses reflect the rejection response to
immunosuppressive therapy. Should this find¬
ing be substantiated from continued studies, it
would confirm our previous findings4 from
recipient antibody-dependent cellular cyto¬
toxicity responses to in vitro steroid, which
indicate that in vitro lymphoid responses may
be used to identify recipients who have an
increased likelihood of experiencing trans¬
plant failure due to rejection. Extended stud¬
ies are also required to determine whether the
predictive accuracy of in vitro assays for clini¬
cal responses to steroids5 can be achieved from
lymphoid responses to in vitro ATG and CsA.
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Lymphoid Resistant Responses to In Vitro
Immunosuppression in Renal Transplant Recipients:

Increased Incidence of Refractory Episodes
L.G. Bowes, L.J. Dumble, G.J.A. Clunie, D.M.A. Francis, I.M. Macdonald, and P. Kincaid-Smith

LYMPHOID sensitivity to methyl pred¬nisolone (MeP) has been related to
cadaveric renal allograft survival in azathio-
prine-steroid treated recipients in two inde¬
pendent studies.1,2 Although the introduction
of cyclosporine A (CsA) has reduced both the
frequency of rejection episodes and the inci¬
dence of graft loss,3"5 the selection of optimal
therapy for the prevention and treatment of
rejection in individual patients has not been
defined. The current study was designed to
determine whether the results of pretrans-
plant lymphoid responses could predict the
outcome of transplantation in patients treated
primarily with azathioprine, CsA and MeP,
with pulse steroid or antithymocyte globulin
(ATG) therapy for acute rejection episodes.

MATERIALS AND METHODS

Renal Transplant Recipients
Pretransplant lymphoid responses to in vitro ATG,

CsA and MeP were determined in 40 recipients, 22 males
and 18 females, of a primary cadaveric transplant. Each
of the 40 recipients had received a minimum of four blood
transfusions prior to transplantation and received mainte¬
nance immunosuppression from day 0 that included daily
cyclosporine, azathioprine and prednisolone. Rejection
episodes were recognized by serum creatinine increase of
>0.03 mmol/L in a 24-hour period. Initial anti-rejection
therapy consisted of increased steroid dosages (300 mg,
200 mg and 100 mg of prednisolone) on the three days
following biochemical indications of rejection. Episodes
which failed to respond to increased prednisolone therapy
were subsequently confirmed by renal biopsy and a course
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ofATG commenced (ATGAM, Upjohn, Kalamazoo, MI,
15 mg/kg/d for 14 days).

Mixed Lymphocyte Culture (MLC) Assay
The assay, which uses a panel of Epstein-Barr virus

(EBV)-transformed continuous lymphoblastoid cell lines
to magnify (5 to 20 times) the MLC response, has been
described in detail elsewhere.6 In brief, patient responder
cells are prepared from heparinized blood by density
gradient separation before suspension (1 x 106 lympho-
cytes/mL) in glutamine, antibiotic supplemented RPMI
medium containing 10% autologous patient serum. The
stimulator panel of EBV cell lines is prepared to contain
equal numbers of four cell lines that carry eight different
(two per cell line) HLA-DR antigens. The stimulator
panel is irradiated (13,000 rad) before suspension at
1 x 10* cells/mL in glutamine, antibiotic-supplemented
RPMI medium also containing 10% autologous patient
serum. Equal volumes (0.1 mL) of responder and stimula¬
tor cells are incubated with one of the following: 0.05 mL
of medium, 0.05 mL of 1.0 pg/mh MeP, 1.0 ,ug/mL of
ATG, or 0.1 Mg/ntL of CsA. The drug concentrations
used to determine patient in vitro responsiveness were
shown to inhibit (50%) MLC responsiveness in a healthy,
nontransfused, nonparous staff population (N = 30). Fol¬
lowing incubation at 37°C (5% COz) for five days, 1.0 pCi
of tritiated thymidine is added and cultures incubated for
a further six hours before the cells are automatically
harvested (SKATRON, Lierbyen, Norway) on to a Titer-
tek filter paper (Flow Laboratories, Irvine, Scotland) that
is placed in vials containing liquid scintillation fluid and
counted in a Beckman beta counter (Beckman, CA).
MLC responses from responder, stimulator, and MeP-,
ATG-, or CsA-containing cultures were compared with
those that were drug free to calculate the percentage of
MLC inhibition induced by immunosuppressive drugs.
The MLC response was considered sensitive to in vitro
MeP, ATG, or CsA when the inhibition level was >50%
and resistant when the inhibition was <50%.

RESULTS

Pretransplant MLC sensitive responses to
in vitro MeP, CsA, and ATG were obtained
for 24 (60%) of the 40 recipients. In the
remaining 16 (40%) recipients, 15 had MeP-
resistant responses; 5, CsA-resistant; and 7,

20 Transplantation Proceedings, Vol XX, No 1 (February), 1988: pp 20-22
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ATG-resistant. Only one recipient had a resis¬
tant MLC response to all three agents, and the
single recipient MeP-sensitive response within
this group was CsA-resistant and ATG-sensi-
tive. Renal transplant outcome in the MLC
resistant and sensitive patient group is shown
in Table 1. Six transplants failed: two (8.3%)
from the sensitive group, where one loss was
due to patient death and the other a technical
fault; and four (25%) from the resistant
group, where all failures were due to rejection.
Although the percentage of graft loss in the
resistant recipient group was three times
greater than that in the sensitive group, the
result was not statistically significant, x2
(Yates correction) = 0.99, P > .05.
The incidence of rejection episodes experi¬

enced by the two patient groups is shown in
Table 2. One or more episodes of rejection
were experienced by 15 of 16 recipients
(93.8%) with MLC-resistant responses, com¬
pared with 15 of 24 recipients (62.5%) from
the sensitive recipient group. Rejection was
not observed in one recipient (6.2%) from the
resistant group, while 9 of 24 (37.5%) from
the sensitive group required no additional
antirejection therapy. This trend was not sta¬
tistically significant, x2 (Yates correction) =

3.5, P > .05 despite the sixfold difference in
posttransplant courses free from rejection
between the two patient groups.
Table 3 shows the in vitro MLC response of

the 30 recipients who required antirejection
therapy and the rejection response to first-line

Table 1. Renal Transplant Outcome and MLC
Responses to In Vitro MeP, ATG, and CsA

MLC Response
to In Vitro

Renal Transplant Survival

Immunosuppression Function Non-Function Total

Sensitive* 22 2 24

Resistant-)- 12 4 16

Total 34 6 40

X2 (Yates correction) = 0.99, N.S.
•Sensitive = >50% MLC inhibition by MeP, ATG and

CsA.

■j-Resistant = <50% MLC inhibition by MeP, and/or ATG
and/or CsA.

Table 2. Rejection Epsiode Incidence and MLC
Response to In Vitro MeP, ATG, and CsA

MLC Response
to In Vitro

Immunosuppression

No. of Episodes

>1 Nil Total

Sensitive* 15 9 24

Resistant-j- 15 1 16

Total 30 10 40

X2 (Yates correction) = 3.5, N.S.
•Sensitive = >50% MLC inibition by MeP, ATG and CsA.
-f-Resistant = <50% MLC inhibition by MeP and/or ATG

and/or CsA.

treatment with prednisolone (300 mg, day 1;
200 mg, day 2; 100 mg, day 3 following the
biochemical diagnosis of rejection). Fifteen of
these 30 recipients were from the MLC-
sensitive patient group and 15 from the resis¬
tant. Although the incidence of steroid-sensi¬
tive rejection responses was higher in the
MLC-sensitive group, 11 of 15 (73.3%), than
in the resistant group, 7 of 15 (46.7%), the
difference was not statistically significant, x2
(Yates correction) = 0.75, P > .05.

DISCUSSION

The preliminary results presented above
indicate three potentially important trends
which are identified in triple therapy treated
renal transplant recipients from pretransplant
recipient MLC responses to in vitro immuno¬
suppressive drugs. Initial reports of the value
of in vitro lymphoid responses to immunosup¬
pressive drugs in renal allograft survival were
obtained from steroid-azathioprine immuno-
suppressed recipients and measured responses
only to MeP.1,2 The results presented here

Table 3. Rejection Episode Responses to Therapy

Rejection Response to
Increased Steroid Dosage

MLC Response Sensitive Resistant Total

Sensitive* 11 4 15

Resistantf 7 8 15

Total 18 12 30

X2 (Yates correction) = 0.75, N.S.
•Sensitive = >50% MLC inibition by MeP, ATG and CsA.
fResistant = <50% MLC inhibition by MeP and/or ATG

and/or CsA.
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suggest that the in vitro steroid response is the
key to predicting adverse posttransplant
events, as 15 of the 16 recipients (93.8%) with
resistant MLC responses were due to MeP
and only 31.2% due to CsA and 43.8% to
ATG. The incidence of graft loss due to
rejection is decreased in recipients receiving
triple maintenance immunosuppression, but
the results reported here suggest that in vitro
lymphoid responses provide useful informa¬
tion. Although the trends require confirma¬
tion in a larger study, the MLC response to in
vitro immunosuppressive agents, particularly

MeP, may identify the recipients who will
experience rejection episodes and the episodes
which are more likely to be refractory to
increased prednisolone dosage. Prompt treat¬
ment of such episodes with ATG therapy as
the first-line agent may serve to improve
transplant survival in the MLC-resistant
recipient group. However, the way in which
ATG was utilized in this small series does not
allow any statement as to whether in vitro
ATG sensitivity predicts in vivo response to
such therapy.

REFERENCES

1. Dumble LJ, Clunie GJA, Macdonald IM, et al:
Transplant Proc 15:1145, 1983

2. Langhoff E, Ladefoged J, Jakobsen BK, et al:
Lancet i: 1296, 1986

3. European Multicentre Trial Group: Lancet ii:986,
1983

4. Canadian Multicentre Trial Group: N Engl J Med
309:809, 1983

5. Henny FC, Kootle AMM, Van Bockel JH, et al:
Nephrol Dial Transplant 1:44, 1986

6. Bowes LG, Dumble LJ, Clunie GJA, et al: Trans¬
plant Proc 18:281, 1986



22

ADVERSE INFLUENCE OF RECIPIENT L YMPHOID

RESISTANCE TO IN VITRO IMMUNOSUPPRESSION ON

THE OUTCOME OF KIDNEY TRANSPLANTS

Francis DMA, Dumble LJ, Bowes LG, Clunie GJA

& Macdonald !M

Transplantation 46:853-857f 1988



0041-1337/88/4606-0853$02.00/0
Transplantation

Copyright© 1988 by The Williams & Wilkins Co.
Vol. 46, 853-857, No. 6, December

Printed in U.S.A.

ADVERSE INFLUENCE OF RECIPIENT LYMPHOID RESISTANCE
TO IN VITRO IMMUNOSUPPRESSION ON THE OUTCOME OF

KIDNEY TRANSPLANTS

David M.A. Francis,1 Lynette J. Dumble, Leanne Bowes, Gordon J.A. Clunie, and
Ileene M. Macdonald

Department of Surgery, University of Melbourne, Royal Melbourne Hospital, Parkville 3050, Australia

The study investigated whether preoperative in vitro
sensitivity of lymphocytes from potential renal trans¬
plant recipients could identify patients at increased risk
of acute rejection following transplantation and immu¬
nosuppression with cyclosporine, azathioprine, and
prednisolone. Mixed lymphocyte culture responses were
measured preoperatively in the presence of methylpre-
disolone, CsA, and antithymocyte globulin, and without
immunosuppressive agents in 50 transfused recipients
of primary cadaver renal transplants. Patients were
classified as sensitive if all three immunosuppressive
agents produced more than 50% inhibition of their MLC
responses, and as resistant if one or more agents failed
to produce 50% inhibition. All patients received post¬
operatively a standardized triple immunosuppressive
regimen. Acute rejection was confirmed histologically
and treated with Pred with or without ATG or monoclo¬
nal antibody OKT3. A total of 29 patients (58%) were
sensitive and 21 (42%) were resistant; 4 patients were
resistant to 3 agents, 5 were resistant to MP and ATG,
6 were resistant to MP and CsA, and 6 were resistant to
MP alone. Sensitive and resistant groups did not differ
in age, sex, transfusion history, HLA A, B and DR
mismatches or duration of follow-up. The resistant
group had a higher rate of graft loss from acute rejection
(x2=6.0, d.f.=l, P<0.02), more episodes of acute rejec¬
tion (x2=8.7, d.f.=3, P<0.05), and a higher proportion
of patients in whom reflux nephropathy was the cause
of renal failure (x2 = 18.3, d.f. = 1, P<0.001). The
resistant group also had a higher proportion of highly
sensitized patients and higher serum creatinine concen¬
trations than the sensitive group, although the differ¬
ences did not reach statistical significance. The study
indicates that patients at high risk of acute rejection of
renal allografts can be identified by a pretransplant in
vitro assay, a finding that could influence recipient se¬
lection and immunosuppression.

Independent studies (1-3) have indicated that in vitro sen¬
sitivity of recipient lymphocytes to methylprednisolone before
transplantation predicts the fate of a subsequent renal allograft
in patients treated with prednisolone and azathioprine. The
introduction of cyclosporine has reduced the incidence of graft
loss from rejection and the frequency of acute rejection episodes
(4-7)—but, like Pred and Aza, CsA has significant adverse
side-effects and is not successful universally in preventing
allograft rejection. The aim of the present study was to assay
recipient in vitro lymphoid responses to Pred, CsA, and anti-
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thymocyte globulin in patients treated primarily with Pred,
Aza, and CsA, and to correlate the results with the outcome of
renal transplantation, so that patients at high risk of irrevers¬
ible allograft rejection could be identified.

MATERIALS AND METHODS

Patients. The mixed lymphocyte culture responses to in vitro MP,
CsA, and ATG were determined consecutively before transplantation
in 50 recipients of primary cadaver renal transplants performed be¬
tween June 1985 and June 1987. Patients were classified as sensitive
when all three immunosuppressive agents produced more than 50%
inhibition of their MLC response, and as resistant when one or more
agents failed to inhibit the response by 50%, in keeping with our
previous studies (1, 8-11). All patients were transfused preoperatively.
Kidneys were allocated on the basis of best HLA match within the
Australian interstate organ-sharing scheme. Maintenance immuno¬
suppression consisted of Aza 3 mg/kg and hydrocortisone 100 mg i.v.
before operation, and CsA 5 mg/kg i.v., Aza 1-2 mg/kg i.v., and
hydrocortisone 200-400 mg/kg i.v. on the first postoperative day.
Subsequently, oral daily medication consisted of Aza 1-2 mg/kg, Pred
0.25-0.5 mg/kg, and CsA 8 mg/kg to maintain a whole-blood trough
level (by radioimmunoassay) of 400-600 ng/ml for the first month and
300-400 ng/ml thereafter. Pred was reduced by 2.5 mg/day every second
week with the aim of ceasing completely by six months posttransplant.
Acute rejection. All patients in whom the diagnosis of acute rejection

was suspected underwent needle biopsy of their allograft. Acute rejec¬
tion was classified as interstitial when the predominant light micro¬
scopic changes were those of interstitial edema with or without hem¬
orrhage and focal cortical or tubular cellular infiltration with foci of
tubular necrosis, and as vascular when endothelial swelling of peritu¬
bular and glomerular capillaries, platelet aggregates, fibrin thrombi,
and fibrinoid necrosis of small arteries and arterioles were present.
Rejection was treated with additional oral Pred 300 mg, 200 mg and
100 mg on consecutive days. Steroid-resistant rejection was defined as
failure of improvement in the function of a kidney with histological
evidence of acute rejection within four days of commencing high-dose
Pred, and was treated with ATG or the monoclonal antibody Ortho-
clone OKT3 (Ortho Pharmaceutical Corp., Raritan, NJ) for 7-10 days.
Graft failure was defined as the return to dialysis because of irreversible
rejection. The occurrence of graft failure, the number of acute rejection
episodes, the histological type of rejection lesions, and the response to
antirejection therapy were correlated with pretransplant in vitro
lymphoid sensitivity to immunosuppressive agents. The minimum du¬
ration of follow-up was six months.
Mixed lymphocyte culture assays. The MLC assay used a stimulator

panel of Epstein-Barr virus-transformed continuous lymphoblastoid
cell lines to magnify responses, and contained equal numbers of four
cell lines with eight different HLA-DR antigens (two per cell line).
Stimulator cells were irradiated (13,000 rads) before suspension in
modified RPMI medium. Responder lymphocytes were prepared from
heparinized recipient blood by density gradient separation before sus¬
pension in glutamine with antibiotic-supplemented RPMI medium
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containing 10% autologous serum. Equal numbers of responder and
stimulator cells (1 x 10s in 0.1 ml) were incubated with 0.05 ml of
medium (control) or 0.05 ml of 1.0 fig MP/ml or 1.0 fig ATG/ml, or 0.1
tig CsA. (Drug concentrations were the medians of those that produced
50% inhibition of MLC responsiveness in 30 healthy, nontransfused,
nonparous staff). Following incubation at 37°C in 5% C02 for five days,
1.0 fiCi of tritiated thymidine was added and cultures incubated for 6
hr before cells were harvested. MLC responses from MP", ATG, or
CsA-containing cultures were compared with controls to calculate the
percentage of MLC inhibition. An MLC response was considered
sensitive when inhibition was >50% and resistant when inhibition was

50% or less. Patients were classified as sensitive if theirMLC responses
were inhibited by more than 50% by all three immunosuppressive
agents.

RESULTS

MLC responses. Twenty-nine of 50 patients (58%) had MLC
responses that were sensitive to in vitro MP, CsA, and ATG.
Of 21 patients classified as resistant, 6 were resistant to MP
alone, 5 were resistant to MP and ATG, and 6 were resistant
to MP and CsA. Four patients exhibited resistance to all three
agents. There was no significant difference between the sensi¬
tive and resistant groups in terms of patient age, sex, blood
transfusion history, or mismatches at the HLA-A, B and DR
loci (Table 1). The distribution of percentage of peak pretrans-
plant cytotoxic antibodies against a panel of HLA-A-, B-, and
DR-typed volunteers (peak panel-reactive antibodies) differed
between the sensitive and resistant groups (Table 1), although
the difference was not statistically significant (x2=5.77, d.f.=2,
P>0.05). The percentages of cytotoxic antibodies against the
panel immediately before transplantation (current PRA) also
did not differ significantly.
Graft losses. The mean (±1SD) duration of follow-up was

19.9±6.9 months for the sensitive group and 19.4±6.2 months
for the resistant group. Irreversible acute rejection was the
cause of graft loss in 4 of 21 (19%) patients with lymphoid
resistance, but in none of 29 patients with lymphoid sensitivity
(x2=6.0, d.f.=l, P<0.02). Graft loss occurred in 3 of the 4
patients who were resistant to all three drugs and in 1 of 5
patients resistant to MP and ATG (Table 2). Graft nephrec¬
tomy was performed in each case and light microscopy revealed
severe acute rejection. There were no technical failures in either
the sensitive or resistant group.

Table 1. Details of patients with MLC sensitivity or resistance
Sensitive
(n=29)

Resistant
(n=21)

Age (years [mean ± SD])
Sex (malerfemale)
Pretransplant blood transfu¬

sion (median and range)
HLA mismatches (mean ±

SD):
A, B, and DR
B and DR

PRA (%):
Peak 0-9%
10-49%
50-100%
Current 0-9%
10-49%
50-100%

38.6±12.3

17:12

5 (1-14)

3.0±1.2

1.6±0.9

20 (69%)
8 (28%)
1 (3%)

29 (100%)
0
0

31.5±11.2

11:10

5 (3-15)

2.7±1.0

1.6±0.6

9 (43%)
7 (33%)
5 (24%)
19 (91%)
2 (9%)
0

Rejection episodes. Acute rejection episodes occurred signifi¬
cantly more often in the resistant group (x2=8.65, d.f.=3,
P<0.05) (Table 3). Fourteen of 29 sensitive patients (48%), but
only 2 of 21 (9%) resistant patients, did not suffer from acute
rejection. The response to high-dose Pred differed slightly
between the sensitive and resistant groups: 10 of 15 (67%)
patients with in vitro lymphoid sensitivity responded and did
not require ATG or OKT3 to reverse acute rejection, whereas
only 7 of 19 (37%) resistant patients responded to high-dose
pred (x2=2.98, d.f.=1, P>0.05).
Histological findings.The histological pattern of rejection in

each transplant biopsy is shown in Table 4. Changes of both
interstitial and vascular rejection were present in 48 of the 58
biopsies (82%), but in 35 biopsies (60%) it was possible to state
that one or other histological type predominated. There was no

significant difference in the distribution of histological lesions
between the sensitive and resistant groups. The four grafts that
were lost because of acute rejection all had severe vascular
rejection.
Renal function. Serum creatinine was measured spectropho-

tometrically in all patients at their latest follow-up. The serum
creatinine concentration was slightly higher in the resistant
group (median: 0.15 mmol/L, range: 0.10-0.34 mmol/L) than
in the sensitive group (median: 0.13 mmol/L, range: 0.09-0.30
mmol/L), although the difference failed to reach statistical
significance (P=0.08, Mann Whitney U test).

Table 2. Pattern ofMLC responsiveness to in vitro MP, CsA and
ATG, and graft loss from acute rejection

MLC response Graft loss

Sensitive 29 0

Resistant 21 4 (19%)
MP" alone 6 0
MP + CsA 6 0
MP + ATG 5 1 (20%)
MP + CsA + ATG 4 3 (75%)

° MP: methylprednisolone; CsA: cyclosporine; ATG: antithymocyte
globulin.

Table 3. Acute rejection episodes in patients with lymphoid
sensitivity or resistance"

Rejection episodes Sensitive Resistant
per patient (n=29) (n=21)

0 14 (48%) 2 (9%)
1 3 (28%) 10 (48%)
2 4 (14%) 4 (19%)
3 3 (10%) 5 (24%)

" (x2 = 8.65, d.f. = 3, P<0.05).

Table 4. Histological patterns of rejection in 58 transplant biopsies
in 50 patients with lymphoid sensitivity or resistance

Predominant pattern of
rejection

MLC response to in vitro
immunosuppression

Sensitive Resistant

Interstitial 12 (48%) 14 (43%)
Vascular 3 (12%) 6 (18%)°
Interstitial and vascular 10 (40%) 13 (39%)°
Total 25 33

PRA = Panel Reactive Antibodies. ° Two grafts in each group failed because of acute rejection.
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DISCUSSION

This study demonstrates that resistance of recipient MLC
responses to suppression by Pred, CsA, and ATG before renal
transplantation is associated with a significantly increased risk
of acute rejection episodes and graft loss in patients treated
with maintenance Pred, CsA, and Aza. It extends our previous
observations of a correlation between renal allograft survival
and in vitro lymphoid sensitivity to steroids and ATG using an
antibody-dependent cellular cytotoxicity assay (1, 8-11). The
results support previous observations that pretransplant in
vitro sensitivity to steroids of PHA-stimulated recipient lym¬
phocytes is associated significantly with allograft survival (2),
and that a disproportionate loss of renal transplants from acute
rejection episodes occurs in recipients with steroid-resistant
suppression of PHA-induced lymphocyte blastogenesis (3).
A recent study by House and colleagues (12) indicates that

continued blastogenesis in the presence of steroids is associated
with an elevated level of interleukin-2 synthesis and offers an

explanation for the association between steroid resistance in
vitro and graft failure due to acute rejection. Two forms of
IL-2 receptor may be distinguished by their affinity for IL-2
(13)—and, although high-affinity IL-2 receptors are repre¬
sented sparsely relative to low-affinity receptors, they are be¬
lieved to be involved in the biological response to IL-2 (14).
The effects of CsA and prednisolone on high-affinity receptors
for IL-2 indicate that neither immunosuppressive agent inhibits
expression of the biologically active receptor (15). Thus, our
results are consistent with the concept that CsA and/or steroid-
resistant MLC responses are a reflection of recipient activated
T cell responses, induced before transplantation, that predis¬
pose to rejection episodes despite maintenance immuno¬
suppression. This hypothesis is supported by the observation
that CsA and Pred do not interfere with IL-2 binding to its
preformed receptors (15). Also, the results are in broad agree¬
ment with those of Groth et al. (16) who found a correlation
between individual pretransplant susceptibility to corticoster¬
oid suppression of inflammatory responses and the number of
steroid boluses required to reverse rejection-induced increases
of acute phase reactant protein concentrations.
Although the use of multiple concomitant immunosuppres¬

sive agents has reduced the incidence of renal allograft loss
from acute rejection in our experience, acute rejection remains
the major cause of transplant failure (7). Our study shows that
resistance of recipient lymphocytes to suppression of MLC
reactivity by Pred, CsA, and ATG identifies a group of patients
who are at particular risk of acute rejection that is less likely
to respond to high-dose steroids and ATG. An advantage of
immunosuppression with multiple agents is flexibility of the
regimen: if one or more drugs has to be withdrawn because of
toxicity, adequate immunosuppression can be maintained, at
least in the short-term, by the remaining agents. The use of
triple immunosuppressive therapy may explain in part the
relatively small number of graft losses (4 of 21, 19%) in the
group with resistance to MP, CsA, or ATG. Resistance to one

agent alone was not associated with graft loss (Table 2), pre¬
sumably because the other two maintenance agents provided
adequate immunosuppression. However, resistance to all three
agents was associated with a very high rate of graft loss (3 of
4, 75%). Interestingly, only one of the four patients who lost
their grafts was highly sensitized (i.e., peak P.R.A. >50%). The
occurrence of graft loss caused by rejection in this study was
much smaller than that observed in our previous study (9) of

patients treated with maintenance Pred and Aza only: graft
loss in sensitive patients was 0/29 in the present study versus

3/20 (15%) in the previous study, graft loss in resistant patients
was 4/21 (19%) versus 32/45 (71%).
The present study considered only transfused patients who

received first cadaver renal transplants, as our previous studies
have identified blood transfusion and irreversible rejection of a
previous transplant as risk factors for developing in vitro ste¬
roid- and ATG-resistantMLC responses (17,18). Although the
precise mechanism of lymphoid resistance is uncertain, resist¬
ant patients probably should be regarded as "high responders,"
as they appeared to develop PRA more broadly than sensitive
patients in spite of similar transfusion histories (Table 1).
Reflux nephropathy was identified in this small study as an

additional risk factor for the development of lymphoid resist¬
ance and also graft loss from acute rejection. Reflux nephrop¬
athy was the underlying cause of chronic renal failure in 1 of
29 (3%) lymphoid-sensitive patients and in 12 of 21 (57%)
lymphoid-resistant patients (x2=18.3, d.f.=l, P<0.001). The 4
lymphoid resistant patients who lost their grafts all had reflux
nephropathy. Our one-year first-cadaver graft survival rate is
67% for reflux patients (n=18) and 81% for all other patients
(n=91) transplanted between July 1983 and July 1986, a differ¬
ence that just fails to reach statistical significance (P>0.05).
Reflux nephropathy as the cause of chronic renal failure has
not been identified as an adverse prognostic factor for subse¬
quent renal transplantation by the Australian and New Zealand
Combined Dialysis and Transplant Registry, which reported in
1987 a one-year primary cadaveric graft survival rate of 73%
for 369 patients with reflux and 65% for all other patients
(n=2911) transplanted in Australia between 1971-1986 (19)—
however, it is likely that the number of patients classified as
"reflux nephropathy" by this registry is an underestimate of
the true number (19), whereas the diagnosis was confirmed
histologically in our patients.
The explanation for patients with reflux nephropathy having

a significantly increased risk of in vitro lymphoid resistance
(and possibly graft loss) is uncertain, but may be related in part
to the pathogenesis of their disease. First, complex aggregation
analysis has shown that a dominant mutant allele at a single
major gene locus is an important causal factor in vesicoureteric
reflux (20). Statistically significant associations have been
shown between major histocompatibility complex gene prod¬
ucts and vesicoureteric reflux in adults with end-stage renal
failure caused by reflux nephropathy (21, 22) and in children
with reflux and urinary tract infections (23), suggesting that
some HLA determinants may be in linkage disequilibrium with
the gene (or genes) responsible for vesicoureteric reflux or the
susceptibility to developing renal damage secondary to reflux.
Second, the MHC has a major regulatory role in the control of
immune responses by way of immune response genes (24).
Although evidence implicating humoral or cell-mediated im¬
mune mechanisms in producing the renal lesion of reflux is
inconclusive, it is of interest to note that the HLA specificities
found with increased frequency in patients with end-stage
reflux nephropathy by Torres et al. (22) have also been asso¬
ciated with organ specific autoimmune diseases such as chronic
active hepatitis (25) and gluten-induced enteropathy (26). In
addition, the finding of immunoglobulins and complement in
the glomerular lesions of reflux nephropathy is consistent with
an immunologically mediated injury (27). Kincaid-Smith sug¬

gested that the most likely cause of the glomerular lesion in
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reflux nephropathy was an antigen-antibody complex glomer¬
ulonephritis in which an autoantigen, derived from nonglome-
rular kidney tissue, stimulated production of specific antibody
and the resulting immune complexes were deposited within
glomeruli (28). The Tamm-Horsfall protein (29), a surface
membrane glycoprotein from the distal nephron, could perhaps
fulfil the role of such a putative antigen. Deposition of Tamm-
Horsfall proteinwithin the kidney and associated inflammatory
cell infiltrates has been demonstrated in vesicoureteric reflux
and chronic pyelonephritis (29), and immune reactions to
Tamm-Horsfall protein have been described in humans (30)
and experimental animals (31). Of relevance to our findings—
that most reflux patients had in vitro lymphoid resistance and
a higher rate of allograft failure from rejection—is the study by
Hunt and McGiven (32) who showed that Tamm-Horsfall
protein was a potent mitogenic stimulator of peripheral blood
lymphocytes. Thus, the two factors (as yet unproved), genetic
predisposition via gene linkage within the MHC and the local
production of a putative antigen with mitogenic activity, could
conceivably result in a heightened immune response to immu¬
nising antigens, such as allogeneic blood and renal allografts.
Our study indicates that a group of patients who are at high

risk of renal allograft failure from acute rejection can be iden¬
tified by a simple pretransplant assay. At present we have no
evidence to suggest that such patients may benefit from more
intensive nonspecific immunosuppression, but clearly alterna¬
tive regimens or additional strategies are required if they are
to be transplanted successfully. The importance of distinguish¬
ing high- and low-risk patients is twofold: low risk patients can
be spared unnecessary additional intensive immunosuppression
that may be required for a few high risk patients and appropri¬
ate recipients can be selected for transplantation at a time of
severe cadaver organ shortage.
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Sncreased Risk of Rejection in Renal Transplant Recipients with in Vitro
Cyclosporin-Resistant Lymphoid Responses
L.G. Bowes, L.J. Dumble, G.J.A. Clunie, D.M.A. Francis, I.M. Macdonald, and P. Kincaid-Smith

INDEPENDENT STUDIES1"3 have indicated that pre-transplant lymphoid sensitivity to in vitro methylpredni-
solone predicts the fate of kidney transplants in recipients
receiving steroid/azathioprine immunosuppression. We
attempted to determine whether lymphoid sensitivity to
cyclosporin (CsA) could indicate recipients who are at
increased risk from rejection despite receiving combination
CsA, prednisone, and azathioprine, a triple therapy regimen
that has reduced both graft loss from rejection and the
frequency and severity of rejection episodes.4"6 The results of
pretransplant recipient mixed lymphocyte culture (MLC)
responses to in vitro CsA were analysed with renal transplant
data that included graft outcome, incidence of rejection
episodes, response of episodes to steroid antirejection thera¬
py, and subsequent requirement for anti-T-lymphocyte ther¬
apy for the resolution of rejection.

MATERIALS AND METHODS

Renal Transplant Recipients

Pretransplant lymphoid responses to in vitro CsA were determined in
56 recipients of primary cadaveric renal transplants. All but 1 of the
56 recipients had received pregraft blood transfusion. Each recipient
received maintenance immunosuppression from day 0 that included
daily CsA, azathioprine, and prednisolone. Rejection episodes were
characterized by serum creatinine increases >0.03 mmol/L in a
24-hour period. Initial antirejection therapy consisted of increased
steroid dosages (300, 200, and 100 mg prednisolone) on the three
days following biochemical indications of rejection. Episodes that
failed to respond to increased prednisolone therapy were subse¬
quently confirmed by renal biopsy, and a course of antithymocyte
globulin (ATGAM, Upjohn, Kalamazoo, MI: 15 mg/kg/d for 14
days) or OKT3 (Ortho, Raritan, NJ: 5 mg/d for 10 to 14 days) was
commenced.

Mixed Lymphocyte Culture Assay
The assay, which used a panel of Epstein-Barr virus (EBV)-
transformed continuous lymphoblastoid cell lines to magnify (5 to 20
times) the MLC response, has been described in detail elsewhere.7 In
brief, patient responder cells were prepared from heparinised blood
by means of density gradient separation before suspension (1 x 106
lymphocytes/mL) in glutamine and antibiotic-supplemented RPMI
medium containing 10% autologous patient serum. The stimulator
panel of EBV cell lines was prepared to contain equal numbers of
four cell lines that carry eight different (two per cell line) HLA-DR
antigens. The stimulator panel was irradiated (13,000 rad) before
suspension at 1 x 106 cells/mL in glutamine and antibiotic-
supplemented RPMI medium also containing 10% autologous
patient serum. Equal volumes (0.1 mL) of responder and stimulator
cells are incubated with 0.025 mL medium or CsA at 0.1 g/mL. The
drug concentration used to determine patient in vitro responsiveness
for CsA was shown to inhibit MLC responsiveness (50%) in a

healthy, nontransfused, nonparous donor population (N - 30). After

Table 1. Correlation between MLC Response to In Vitro
Cyclosporin and Renal Allograft Loss Due to Rejection"

Renal

Transplant Outcome

MLC Response to
In Vitro Cyclosporin

No. Recipients

Sensitive Resistant Total

Functioning 42 (97.7%) 9 (69.2%) 51

Failed1' 1 (2.3%) 4 (30.8%) 5

Total 43 13 56

aXz (Yates correction) = 6.74, P < .01.
"All graft failures were attributed to rejection.

incubation at 37°C (5% C02) for five days, 1.0 pCi of tritiated
thymidine was added, and cultures were incubated for a further six
hours before the cells were automatically harvested (Skatron, Lier-
byen, Norway) ontoTitertek filter paper (Flow Laboratories, Irvine,
Scotland) that was placed in vials containing liquid scintillation fluid
and counted in a Beckman beta counter (Beckman, CA). MLC
responses from responder, stimulator, and CsA-containing cultures
were compared with those which were drug-free to calculate the
percentage of MLC inhibition induced by the immunosuppressive
drug. The MLC response was considered sensitive to in vitro CsA
when the inhibition level was >50% and resistant when the inhibition
level was <50%.

RESULTS

Pretransplant MLC-resistant responses to in vitro CsA were
obtained for 13 (30.2%) of the 56 recipients. The incidence of
renal transplant failure caused by rejection in CsA-sensitive
and resistant recipients is shown in Table 1. Five transplants
were lost to rejection, four from the CsA-resistant group
(30.8%) and one from the sensitive group (2.3%), indicating
a statistically significant association between CsA-resistant
MLC responses and renal transplant failure caused by
rejection: chi-square (Yates correction) = 6.74, P < .01. The
incidence of rejection episodes experienced by the two
patient groups is shown in Table 2. One or more rejection
episodes were experienced by 12 of 13 (91.7%) recipients
with CsA-resistant MLC responses, compared with 28 of 43
(65.1%) in the sensitive recipient group. Rejection was not
observed in one recipient (8.3%) from the CsA-resistant
group, the only patient in this group who did not receive
antirejection therapy, while 15 of 43 (34.9%) from the
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Table 2. Correlation between MLC Response to In Vitro
Cyclosporin and Experience of Acute Rejection Episodes'

Incidence of
Acute Rejection Episodes

MLC Response to In Vitro
Cyclosporin

No. Recipients

Sensitive Resistant Total

Nil 15(34.9%) 1 (8.3%) 16

> 1 episode 28 (65.1%) 12 (91.7%) 40

Total 43 13 56

V (Yates correction) - 2.41, P > .05, NS.

sensitive group remained free from rejection and received
only maintenance immunosuppression. Despite the fourfold
difference in rejection-free posttransplant terms between the
CsA sensitive and resistant groups this trend was not statisti¬
cally significant: chi-square (Yates correction) = 2.41, P >
.05.
Table 3 shows the in vitro MLC response of the 40

recipients (28 from the CsA sensitive patient group and 12
from the resistant group) who required antirejection therapy
and the rejection episode response to first-line treatment of
increased prednisolone dosage (300 mg, day 1; 200 mg, day
2; 100 mg, day 3 after the biochemical diagnosis of rejec¬
tion). Although the rejection response to steroid antirejection
therapy induced almost twice the responsiveness in the
CsA-sensitive group (16/28, 57.1%) compared with the
CsA-resistant group (4/12, 33.3%), the difference was not
statistically significant: chi-square (Yates correction) =

1.07, P > .05.

CONCLUSIONS

The preliminary results of recipient MLC responses to in
vitro CsA identified an original parameter for consideration
in the management of renal transplant recipients receiving
triple immunosuppression (CsA, azathioprine, and predniso¬
lone). Three potentially important trends are apparent. First,
the MLC response to in vitro CsA identified a subgroup of
recipients who from their resistant response have 15 times
the likelihood of experiencing transplant loss because of
rejection. Second, the CsA-resistant group of recipients had
a greater incidence of rejection (91.7% c.f. 65.1%).
Third, recipients in the CsA-resistant group were more

likely to require anti-T-cell therapy for the resolution of
rejection episodes, with 8/12 (66.6%) acute episodes having
been refractory to steroid antirejection treatment whereas
only 12/28 (42.9%) from the CsA-sensitive group experi-

Table 3. Correlation between MLC Response to In Vitro
Cyclosporin and Steroid Unresponsive

Acute Rejection Episodes'

Acute Rejection
Episode Response

to High-Dose
Steroid Therapy

MLC Response to In Vitro
Cyclosporin/!
No. Recipients'

Sensitive Resistant Total

Sensitive 16 (57.1%) 4 (33.3%) 20

Resistant 12 (42.9%) 8 (66.7%) 20

Total 28 12 40

V (Yates correction) - 1.07, P > .05.
"Sixteen recipients who did not require antirejection therapy

were omitted.

enced rejection that was unresponsive to increased steroid
dosage.

Previous studies1"3 showed that lymphoid-resistant
responses to in vitro steroid predict adverse posttransplant
courses in recipients who are immunosuppressed with predni¬
solone and azathioprine. In those studies, the frequency of in
vitro steroid-resistance was approximately 50%, with one-

year graft survival rates varying between 60 and 70%. Our
current study indicated a greater incidence of lymphoid
sensitivity to in vitro CsA than to in vivo steroid (69.8% c.f.
50%), which is consistent with the 10 to 20% improvement in
renal transplant survival rates attributed to cyclosporin
immunosuppression. Although the trends require confirma¬
tion in a larger study, our results indicate that the MLC
response to in vitro CsA may prove useful in conjunction with
in vitro steroid responses in predicting the optimal therapy
for the prevention and treatment of rejection.
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Prostaglandin E-, and E2 Suppression of In Vitro Lymphoid
Responses to Alloantigen
L.G. Bowes, L.J. Dumble, R. Pollak, M.J. Ruwart, D.M.A. Francis, S. Hunter, and G.J.A. Clunie

PROSTAGLANDINS (PG) influence the down-regula¬tion of IL-2 production and are interlinked to the
mechanisms by which CyA provides potent immunosuppres¬
sion. Reports1'2 indicate that PGE, and PGE, analogs may
also play a significant role in preventing CyA nephrotoxicity.
Other experimental studies indicate that coadministration of
PGE, with CyA improves rat renal allograft survival3 and
that PGE, protects canine renal allografts from vascular
rejection.4 This study was performed to compare the in vitro
immunosuppressive effects of PGE, and PGE, analogs with
conventional immunosuppressive agents, such as azathio-
prine (AZA), CyA, and methylprednisolone (MP), on hu¬
man lymphoid responses to alloantigen.

MATERIALS AND METHODS

Lymphocyte Donors

Heparinized blood was obtained from 8 healthy staff donors with no

previous history of events that cause sensitization to alloantigen
(blood transfusion, pregnancy, or transplantation).

Immunosuppressive Agents

The conventional immunosuppressive drugs for the study were:
1. Azathioprine (Imuran, Wellcome, Australia). The 50 mg

sodium salt was dissolved in 5 ml of distilled water and

subsequently diluted in physiological saline to concentrations
of 1.0-0.001 Mg/ml.

2. Cyclosporine (Sandimmun, Sandoz Ltd, Switzerland). The 50
mg/ml product was diluted in physiological saline to concen¬
trations of 1.0-0.001 gg/ml.

3. Methylprednisolone (Upjohn, USA). Solu-Medrol powder
was dissolved in 16 ml of distilled water to contain 1000 mg
and subsequently diluted in physiological saline to achieve the
range 1.0-0.001 Mg/ml.

4. PGE, and PGE, analogs were obtained from the Upjohn
Company (USA) in the form of 15(s)-15-methyl PGE, and
16,16-dimethyl PGE,. Each was provided in methylacetate at
10 mg/ml that was subsequently diluted, first with ethyl
alcohol to a concentration of 1 mg/ml and thereafter with
physiological saline, to within the concentration range 1.0-
0.001 Mg/ml.

Mixed Lymphocyte Culture (ML.C) Assay
Responder cells were isolated from heparinized blood by density
gradient separation before suspension (1 x 106 lymphocytes/ml) in
glutamine, antibiotic-supplemented RPMI medium containing 10%
autologous responder donor serum. The stimulator population con¬
sisted of Epstein-Barr virus (EBV)-transformed lymphoblastoid
cells that were irradiated (13,000 rads) before suspension at 1 x 106

cells in glutamine, antibiotic-supplemented RPMI medium that also
contained 10% autologous responder donor serum.
Equal volumes (0.1 ml) of responder and stimulator cells were

incubated in triplicate with each of the following: 0.025 ml of
medium or 0.025 ml of serial dilutions of PGE,, PGE,, AZA, CyA,
or MP at concentrations of 1.0, 0.5, 0.1, 0.05, 0.01, 0.005, or 0.001
Mg/ml. Following incubation at 37°C (5% CO,) for 4 days, 1.0 MCi of
tritiated thymidine was added to all cultures before further incuba¬
tion for 6 hours, after which cells were automatically harvested
(Skatron, Lierbyen, Norway) on Titertek filter paper (Flow Labora¬
tories, Irvine, Scotland) that was placed in vials containing liquid
scintillation fluid for counting in a Beckman beta counter (Beckman,
California, USA). Triplicate MLC responses from responder-,
stimulator-, and drug-containing cultures were compared with
triplicate responses from cultures containing 0.025 ml of medium as
a substitute for the appropriate drugs to maintain constant culture
volume, in order to determine the minimum concentration of PGE,,
PGE,, AZA, CyA, and MP that induced 50% MLC inhibition.

IL-2 Receptor Analysis
MLCs were performed as described except that cultures contained 1
ml volumes of responder and stimulator cells and were incubated
with 0.25 ml of medium or 0.25 ml of PGE,, PGE2, AZA, CyA. or
MP at a concentration of 10 Mg/ml for 5 days at 37°C (5% C02). On
day 5, cultures were centrifuged, and the cellular deposit was stained
with MAb to human IL-2R (Coulter Immunology, Florida, USA).
After staining for 2 hours, nonbound antibody was removed by
triplicate washing with PBS containing BSA, FCS, and sodium
azide. The MAb-treated cellular deposits were resuspended in 1 ml
of RPMI containing 1% sodium azide and 1 Mg/ml of propidium
iodide. The proportion of responder cells bearing IL-2R after a 5 day
culture term with the stimulator population was determined by flow
cytometry using the Ortho Diagnostic System 50-H (Ortho, Massa¬
chusetts, USA). Baseline settings were obtained from responder cells
incubated alone in medium during the 5 day culture period, and
stimulator cells were readily excluded from the responder population
by way of their larger size, which is characteristic of lymphoblastoid
cell lines.

RESULTS

Comparison of the in vitro effects of PGE,, PGE,, AZA,
CyA, and MP on the human lymphoid response to alloanti¬
gen was made from the MLC results (Table 1). The mean

percent decrease of cpm in the cultures containing 1.0-0.001
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Table 1. Suppression of Mixed Lymphocyte Culture Responses by PGE,, PGE2, AZA, CyA, and MP

Agent

Mean8 % Decrease of cpm in Drug-containing Cultures Compared with cpmb in Drug-free Cultures
Concentration pg/ml

0.001

Prostaglandin E, 13
Prostaglandin E2 5
Azathioprine 19
Cyclosporine 7
Methylprednisolone 7

0.005 0.01

27

11

31

15

9

41

17

42

23

22

49

32

54

31

29

0.01

60

47

67

49

36

"Mean calculated from % decreases obtained in MLCs of 8 healthy, nonsensitised donors.
bMean cpm in drug-free cultures = 48,400.

64

55

77

66

44

68

64

88

71

51

pg/ml of each agent was calculated from results obtained in
the MLCs of 8 healthy, nonsensitized donors and indicate
that the minimum concentrations in iig/m\ that induce 50%
suppression of the response are PGE, 0.01, PGE, 0.05, AZA
0.05, CyA 0.5, and MP 1.0. The figures obtained for CyA
and MP are consistent with those reported in previous
studies5,6 and indicate that this measure of immunosuppres¬
sive potential shows significant variation within the group of
agents tested. However, on a microgram for microgram
basis, the PGE compounds are at least competitive with the
conventional agents for achieving immunosuppression.
The in vitro effect of the PGEs and those of AZA, CyA,

and MP on the induction of IL-2R within the responding
populations of 6 healthy, nonsensitized donors is shown in
Table 2. Here also, the PGE, and PGE2 analogs compare
favorably with the conventional immunosuppressive drugs.
An excess concentration of each agent, 10 /ug/ml, was
present in the cultures, and maximum IL-2R suppression
was obtained with CyA (mean 53%), and PGE,, PGE;,
AZA, and MP each suppressed the receptor expression to a
lesser extent, with means of 25, 25, 25, and 24%, respectively.

DISCUSSION

These in vitro studies show that PGE, and PGE2 derivatives
have similar effects to AZA, CyA, and MP in suppressing

Table 2. Suppression of IL-2R induction on MLC Responding
Population by PGE,, PGE2, AZA, CyA, and MP

Decrease in IL-2-bearing Lymphocytes Demonstrated by
Flow Cytometry after 5 Days Culture with

Donor PGE, PGE? AZA CyA MP

1 15 10 15 30 20

2 10 10 10 40 10

3 30 30 40 50 15

4 20 30 5 60 30

5 30 35 35 70 25

6 40 30 40 60 40

Range 10-40 10-35 5-40 30-70 10-40

Mean 25 25 25 53 24

lymphoid responses to alloantigen at a functional level and at
a receptor level, where the IL-2R is a definitive marker for
activated T lymphocytes. Since the MLC reaction is consid¬
ered to be analogous to at least part of the allograft rejection
response, the results are an in vitro confirmation of the
immunosuppressive potential of PGE, and PGE,. PGE,
appears to be five times more effective than PGE, at the
functional level, but each induces the same effect at the
receptor level. It may be unwise to draw conclusions regard¬
ing the concentrations of each agent that induce 50% MLC
suppression, as AZA appears the most potent from these
results, but its in vivo effects are only seen to advantage in
combination therapies. Similar comment may be true ofCyA
and MP, where experimental clinical transplantation results
emphasize the synergistic enhancement that is obtained from
combination drug therapy.
Results from a clinical trial1 in CyA-treated renal al¬

lograft recipients indicate that a new synthetic oral PGE,
analog, misoprostol, improves renal function and reduces the
incidence of acute rejection episodes. The results reported
here, together with the initial clinical transplant data concern¬

ing misoprostol and its freedom from reports of serious side
effects, may encourage investigations to find a role for
prostaglandins in transplantation. This approach might offer
substantial benefits to clinical transplant recipients by mini¬
mizing CyA-induced toxicity and perhaps identifying an
alternative to steroids for use in maintenance immunosuppres¬
sion.
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Vesico-Uretheric Reflux and Lymphoid Resistance to in Vitro Steroid:
Adverse Risk Factors for Renal Transplantation
Lynette J. Dumble, Leanne G. Bowes, Gordon J.A. Clunie, David M.A. Francis,
lleene M. Macdonald, and Priscilla Kincaid-Smith

END-STAGE renal failure (ESRF) due to vesico-ureteric reflux has been associated with the induction
of in vitro steroid-resistant lymphoid responses. Although
reflux nephropathy patients are not considered to be high-
risk candidates for renal transplantation, independent stud¬
ies" indicate that steroid-resistant lymphoid responses pre¬
dict an increased incidence ofgraft failure owing to rejection.
This study was performed to determine: (1) the frequency of
steroid-resistant lymphoid responses in renal transplant
recipients whose primary renal disease was reflux nephropa¬
thy compared with recipients whose renal failure was due to
causes other than reflux; and (2) the frequency of rejection
episodes and incidence of transplant failure owing to rejec¬
tion in recipients with underlying reflux nephropathy as a
means of estimating the "risk factor" of this pathology to
kidney transplant recipients.

MATERIALS AND METHODS

Renal Transplant Recipients

Pretransplant lymphoid responses to in vitro methylprednisolone
were determined in 56 recipients of a primary cadaveric transplant.
All but one of the recipients has received a pretransplant blood
transfusion and all received maintenance immunosuppression from
day zero that included daily cyclosporine, azathioprine, and pred¬
nisolone. Rejection episodes were recognised by serum creatinine
increase of >0.03 mmol/l in a 24-hour period. Initial antirejection
therapy consisted of increased steroid dosages (300 mg, 200 mg, and
100 mg of prednisolone) on the three days following biochemical
indications of rejection. Episodes that failed to respond to increased
prednisolone therapy were subsequently confirmed by renal biopsy,
and a course of either ATG (ATGAM, Upjohn; Kalamazoo, MI; 15
mg/kg/d for 14 days) or OKT3 (Ortho; Raritan, NJ;5mg/d, 10-14
days) commenced.

Classification of Renal Disease

The cause of renal disease was radiologically and histologically
diagnosed during the development of renal failure prior to patient
entry into dialysis programmes. These studies indicated three com¬
mon causes of renal failure in the 56 recipients studied: vesico-
ureteric reflux (15), IgA nephropathy (7), and polycystic kidney
disease (7); the remaining 27 were due to other renal diseases
including mesangiocapillary, glomerulonephritis, membranous
glomerulonephritis, familial glomerulonephritis and heroin, analge¬
sic and diabetic nephropathies.

Mixed Lymphocyte Culture (MLC) Assay
The assay, which uses a panel of Epstein-Barr virus (EBV)-
transformed continuous lymphoblastoid cell lines tomagnify (5 to 20
times) the MLC response, has been described in detail elsewhere.1 In
brief, patient responder cells are prepared from heparinised blood by

density gradient separation before suspension (1 x 10' lympho¬
cytes/ml) in glutamine, antibiotic supplemented RPMI medium
containing 10% autologous patient serum. The stimulator panel of
EBV cell lines is prepared to contain equal numbers of four cell lines
that carry eight different (two per cell line) HLA-DR antigens. The
stimulator panel is irradiated (13,000 rad) before suspension at 1 x
10' cells/ml in glutamine, antibiotic supplemented RPMI medium
also containing 10% autologous patient serum. Equal volumes (0.1
ml) of responder and stimulator cells are incubated with 0.05 ml of
medium or 0.05 ml of 1.0 g/ml MeP. The drug concentrations used
to determine patient in vitro responsiveness were shown to inhibit
(50%) MLC responsiveness in a healthy, nontransfused, nonparous
donor population (n - 30). Following incubation at 37°C (5% C02)
for five days, 1.0 /iCi of tritiated thymidine is added and cultures
incubated for a further six hours before the cells are automatically
harvested (Skatron; Lierbyen, Norway) onto a Titertek filter paper
(Flow Laboratories; Irvine, Scotland) that is placed in vials contain¬
ing liquid scintillation fluid and counted in a Beckman beta counter
(Beckman; CA). MLC responses from responder, stimulator, and
MeP containing cultures were compared with those that were drug
free to calculate the percentage of MLC inhibition induced by the
immunosuppressive drug. The MLC response was considered sensi¬
tive to in vitro MeP when the inhibition level was >50% and resistant
when the inhibition was <50%.

RESULTS

Pretransplant MLC responses to in vitro MeP showed that
30 recipients were sensitive (>50% inhibition) and 26 resis¬
tant (<50% inhibition).
Table 1 shows the incidence of steroid-sensitive and resis¬

tant MLC responses in the 56 renal transplant recipients, 15
with and 4 without underlying vesico-ureteric reflux. Four¬
teen (93.3%) of the 15 reflux recipients had steroid-resistant
MLC responses compared with only 12 (29.3%) of the 41
patients in the nonreflux group. This association between
steroid-resistant MLC responses and vesico-ureteric reflux
was statistically significant; (Yates correction) = 15.6, p <
0.01.

Renal transplant outcome in the reflux and nonreflux
recipient groups is shown in Table 2. Five transplants failed,
all due to rejection and all in patients with steroid-resistant
MLC responses. Four of these recipients had underlying
reflux nephropathy and 1 glomerulonephritis, indicating a
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Table 1. MLC Response to In Vitro Steroid and
Cause of Renal Failure

Aetiology of Renal Disease

... _ „ No. of RecipientsMLC Response -

to in vitro Redux Nonredux
Steroid Nephropathy Nephropathy Total

Sensitive

(>50% inhibition) 1 29 30
Resistant

(<50% inhibition) 14 12 26
Total 15 41 56

X* (Yates correction) - 15.6 p < 0.001.

statistically significant association between graft failure and
vesico-ureteric reflux as a primary cause of renal failure; x2
(Yates correction) - 5.23, p < 0.05.
Table 3 shows the incidence of acute rejection episodes in

the recipient groups with and without underlying reflux
nephropathy. Although not statistically significant, x2
(Yates correction) - 0.28, p > 0.05, the trend suggests that
the reflux patient group is more likely to experience rejection
(12/15, 80%) than nonreflux nephropathy patients (28/41,
68.3%). Similarly, in Table 4, which shows the rejection
response to steroid antirejection therapy, there is a greater
incidence of steroid unresponsive rejection in recipients from
the reflux patient group. Again, the result is not statistically
significant, x2 (Yates correction) - 0.12, p > 0.05, but the
trend suggests an increased incidence of steroid-resistant
episodes in reflux recipients with 7/12 (58.3%) of these
patients receiving anti-T cell therapy when the acute episode
was not resolved by increased steroid dosage. The incidence
of such rejection episodes in the nonreflux recipient group
that was treated with anti-T cell therapy was somewhat less:
13/28 (46.4%).

DISCUSSION

The results reported here are consistent with our previous
observation1 that steroid-resistant MLC responses were of
increased frequency in patients whose underlying renal dis¬
ease was vesico-ureteric reflux. The earlier study of 24
haemodialysis patients included only 6 reflux patients, 4 of
whom had resistant responses. The frequency of MLC
resistant responses in patients with nonreflux pathology in
this and the previous study was less than 50%, while in reflux
patients reported here it is 14/15 (93.3%) and 66.6% in the

Table 2. Renal Transplant Failure Due to Rejection and
Aetiology of Renal Disease

Aetiology of Renal Diaeaae

No. of Recipients
Renal Allograft Reflux Nonrellux

loaa from Rejection Nephropathy Nephropathy Total

+ 4 1 5
- 11 40 51

Total 15 41 56

X* (Yates correction) - 5.23, p < 0.05.

Table 3. Incidence of Renal Transplant Rejection Episodes
and Aetiology of Renal Disease

Aetiology of Renal Disease

No. of Recipients

Rejection Reflux Nonreflux

Episodes Nephropathy Nephropathy Total

>1 12(80%) 28 (68.3%) 40

0 3 (20%) 13(31.7%) 16

Total 15 41 56

X* (Yates correction) - 0.28, P < 0.05, N.S.

initial study.1 The figures indicate that the overall frequency
of in vitro steroid-resistant patients within a group of dialysis
patients or renal transplant recipients is largely determined
by the number of reflux patients included in the group.
Further, since there is a significant association between
steroid-resistant MLC responses and graft failure within the
reflux group it would appear that the renal pathology is the
risk factor that contributes most significantly to the associa¬
tion.
Reflux nephropathy as a cause of renal failure has not

been previously identified as an adverse prognostic factor for
subsequent transplantation. To the contrary, the Australian
and New Zealand Combined Dialysis and Transplant Regis¬
try (ANZDATA)' reported in 1987 that the one-year sur¬
vival rate for reflux recipients was 73% (369 patients)
compared wjth the 65% graft survival rate for all other
patients (n - 2911). However, it is also possible that the
ANZDATA classification of "reflux nephropathy" is an
underestimate, for it is unlikely that this diagnosis of each
patient was confirmed histologically and radiologically in
each patient, as was the case in our scries.
It was suggested in 1975* that the most likely cause of the

glomerular lesion in reflux nephropathy was an antigen-
antibody complex glomerulonephritis in which an auto-
antigen, derived from nonglomerular tissue, stimulated the
production of specific antibody with dejjosition of the result¬
ing immune complex within the glomeruli. The Tamm-
Horsfall protein,7 a surface membrane glycoprotein from the
distal nephron and a potent mitogenic stimulator of periph¬
eral blood lymphocytes,' could fulfill the role of the putative
antigen. This protein together with infiltrates of inflamma-

Table 4. Incidence of Starold-Reslstant Rejection Episodes
and Aetiology of Renal Disease

Aetiology of Renal Disease

No. of Recipients*

Steroid Resistant Reflux Nonrelux
Rejection Episodes Nephropathy Nephropathy Total

+ 7 (58.3%) 13(46.4%) 20
- 5(41.7%) 15(53.6%) 20

Total 12 28 40

X1 (Yates correction) - 0.12, p < 0.05. N.S.
'Recipients (3 with reflux nephropathy and 12 nonreflux) who

did not experience rejection episodes are not included in this
table.
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tory cells have been demonstrated in vesico-ureteric reflux
and chronic pyelonephritis,7 which could induce high
responder status and offer an explanation for the selective
induction of steroid-resistant responses in this recipient
group with the subsequent trend towards transplant rejec¬
tion.
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vitro potency of ATG in a quantitative manner, largely replacing the E-

rosette inhibition assay which was used previously.



In Vitro Estimates of Biological Potency of Equine Antihuman
Thymocyte Globulin (ATGAM)
S.L. Nail, J.L. Bare, L.G. Bowes, L.J. Dumble, and G.J.A. Clunie

HETEROLOGOUS antiscra to human thymocytes arewidely recognized as modifying clinical allograft
rejection mechanisms when administered prophylactically or
at the onset of rejection episodes. Standardization of antithy-
mocyte sera has proved to be difficult, since in vivo effects on
primate skin graft survival have shown a poor correlation
with in vitro estimates of biological activity. We attempted to
determine whether inhibition of the mixed lymphocyte cul¬
ture (MLC) assay, which is an in vitro analog of part of the
rejection process, could provide a means of standardizing
antithymocyte globulins (ATG) for subsequent use in the
immunosuppression of human transplant recipients.

MATERIALS AND METHODS

Antithymocyte Globulin
Five batches of ATG (ATGAM, Upjohn Company, Kalamazoo,
MI, USA) were represented by seven ampoules; single samples from
three batches (19861, 082BA, and 267BA) and duplicate samples
from batches 17984-113 (labeled A and J) and 17984-115 (labeled
D and I) of hyperimmune serum (50 mg/mi).
Serial dilutions (1/200 to 1/5,000,000) of the seven ampoules

were prepared, using normal saline as a diluent, to assess the
minimum concentration of each which would induce 50% suppres¬
sion in the MLC assay.

Mixed Lymphocyte Culture Assay
The assay, which uses a panel of Epstein-Barr virus (EBV)-
transformed continuous lymphoblastoid cell lines to magnify (5-20
times) the MLC response, has been described in detail.1 In brief,
responder cells are prepared from heparinized blood by means of
density gradient separation before suspension (1 x 10* lympho¬
cytes/ml) in glutamineand antibiotic-supplemented RPMI medium
containing 10% autologous responder donor serum. The stimulator
panel of EBV cell lines is prepared to contain equal numbers of four
cell lines that carry eight different (two per cell line) HLA-DR
antigens. The stimulator panel is irradiated (13,000 rad) before
suspension at 1 x 10* cells/ml in glutamine and antibiotic-
supplemented RPMI medium also containing 10% autologous
responder donor serum. Equal volumes (0.1 ml) of responder and
stimulator cells are incubated in triplicate with one of the following;
0.05 mL of medium, 0.05 ml of one of the serial dilutions, 1/200,
1/500, 1/1,000, 1/2,000, 1/5,000, 1/10,000, 1/20,000, 1/50,000,
1/100,000, 1/200,000, 1/500,000, 1/1,000,000, 1/2,000,000 and
1/5,000,000. These corresponded to the followingmg/mi concentra¬
tions of ATGAM: 0.25,0.1,0.05,0.025, 0.01,0.005,0.0025, 0.001,
0.0005, 0.00025, 0.0001, 0.00005, 0.000025, and 0.00001. After
incubation at 37°C (5% C02) for five days, 1.0 pCi of tritiated
thymidine is added, and the cultures are incubated for a further 6
hours before the cells are automatically harvested (Skatron, Lier-
byen, Norway) onto a Titertek filter paper (Flow Laboratories,
Irvine, Scotland) that is placed in vials containing liquid scintillation

fluid and counted in a Beckman beta counter (Beckman, California,
USA).
MLC responses from responder, stimulator, and ATGAM-

containing triplicate cultures were compared with triplicate
responses from cultures without ATGAM (contained 0.05 ml of
medium to maintain constant volume) to determine the minimum
ATGAM concentration that could induce 50% MLC inhibition.
The MLC inhibition assay was performed using lymphocytes

isolated from 12 healthy, nonsensitized donors selected for their low
responsiveness to nonimmune horse serum. The mean of the mini¬
mum ATGAM concentrations that induced 50% inhibition of each
of the 12 healthy donor MLCs was calculated and compared with
the E-rosette inhibition, haemagglutinin, and platelet antibody titres
determined independently in the laboratories of the Upjohn Compa¬
ny, Kalamazoo, MI, USA.

RESULTS

The mean minimum concentration of the seven ATGAM

samples that induced 50% MLC inhibition are shown in
Table 1, together with the reciprocal of the ATGAM anti¬
body titre in E-rosette inhibition, haemagglutinin, and plate¬
let assays. Identical concentrations of ATGAM were found
to induce 50% MLC inhibition when duplicate samples of the
two ATGAM batches were tested: 0.00005 and 0.00001

mg/ml for batches 17984-113 and 17984-115, respectively.
Batches 19861,082BA, and 267BA had less MLC inhibitory

Table 1. MLC Inhibitory Activity of ATGAM versus E-Rosette,
Haamagglutlnatlon, and Thrombocyte Antibody Titre

Reciprocal of ATGAM
ATGAM Mean Concentration Antibody Titre Against

Batch of ATGAM (mg/ml) Erythro¬ Thrombo¬
No. 50% MLC Inhibition E-Rosette cyte cyte

17984-113-A 0.00005 7668 40 29

17984-113-J* 0.00005 — — —

17984-115-D 0.00001 14116 160 —

17984-115-1' 0.00001 — — —

19861 0.01 14734 20 83

082BA 0.05 6667 20 23
267BA 0.05 7532 20 56

'Duplicate of batch 17984-113-A.
'Duplicate of batch 17984-115-D.
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activity, with 50% inhibition being induced by 0.1, 0.05, and
0.05 mg/ml, respectively. The concentrations of ATGAM
that induced 50% MLC inhibition did not correlate with the
E-rosette inhibition or platelet antibody titres. Two ATGAM
batches, 17984-113 and 19861, that had similar E-rosette
titres of 14,116 and 14,734 had discordant concentrations of
0.00001 and 0.01 mg/ml, which suppressed 50% of the MLC
response. Similarly, the platelet antibody titre of four
ATGAM batches ranging in titre from 23 to 89 showed no
correlation with the concentrations that induced 50% MLC

suppression. The two batches with the lowest platelet anti¬
body titre of 23 and 29 were 082BA and 17984-113 and did
not match the respective concentrations of 0.05 and 0.00005
mg/ml that suppressed the MLC response by 50%.
Figure 1 shows the direct relation between the mean

minimum concentration of ATGAM that induced 50% inhi¬
bition of the MLC response and the haemagglutinin titre.
The ATGAM batches with greatest MLC inhibitory activity
were those with most haemagglutinin activity: batches
17984-113 and 17984-115, which induce 50% MLC suppres¬
sion with 0.00005 and 0.00001 mg/ml globulin and have
haemagglutinin titres of 40 and 160, respectively. The three
ATGAM batches 19861, 082BA, and 267BA, with less
MLC inhibitory influence—0.1, 0.05 and 0.05 mg/ml,
respectively—all had correspondingly lower levels of hae¬
magglutinin activity.

DISCUSSION

Our results indicate that the MLC inhibition assay can
determine the biological potency of heterologous antihuman
thymocyte globulin in a quantitative manner. Although the
assay has proved to be reproducible, results in a larger study
are required before definite conclusions can be drawn. How¬
ever, the MLC is an accepted in vitro analog of at least part
of the in vivo rejection process, which theoretically indicates
that it is a relevant means of assessing the biological eflec-

Haemagglutinin Titre
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Fig. 1. UPJOHN-ATGAM Haemagglutinin Titre vs Minimum
Concentration for 50% MLC-lnhibition.

tiveness of a globulin that is used to inhibit the rejection
response to clinical allografts.
The correlation between the MLC suppressive activity of

the ATGAM preparations and the haemagglutinin activity
also requires confirmation in a larger study, with representa¬
tive samples to cover a broader range of haemagglutinin
activity, e.g., 1 /10 to 1 /1000. The antierythrocyte activity of
the globulin may be due to the nonspecific equine response to
human xenoantigens on the thymocytes. Alternatively, it
may be due to the strong immunogenic character of human
erythrocytes, which are essentially absent from the thymic
suspension when it is injected into the horse to raise the
antithymic globulin.
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\ Increased Frequency of Kidney Allograft Rejection in Recipients With
Cyclosporine and/or Steroid-Resistant Lymphoid Responses
L.G. Bowes, L.J. Dumble, D.M.A. Francis, I.M. Macdonald, G.J.A. Clunie, and P. Kincaid-Smith

INDEPENDENT studies indicating the association be¬tween pretransplant lymphoid resistance to in vitro
methyl prednisolone (MP) and poor renal allograft progno¬
sis have been extended to demonstrate that in vitro lym¬
phoid resistance to MP and/or cyclosporine (CyA) has an
adverse effect on renal transplant survival.' This report
updates those results, obtained from 50 recipients of pri¬
mary cadaveric renal transplants, and includes results for
an additional 45 recipients. These results confirm both the
negative influence of lymphoid unresponsiveness to in
vitro CyA and/or MP and a risk factor that predisposes to
the development of lymphoid-resistant responses, namely
vesico-ureteric reflux as a primary cause of end-stage renal
failure.

MATERIALS AND METHODS
Renal Transplant Recipients
Pretransplant lymphoid responses to in vitro CyA and MP were
determined in 95 recipients of a primary cadaveric renal allograft.
Ninety-four patients had received pregraft blood transfusion. The
primary cause of end-stage failure was determined from serial
renal biopsies and radiological studies during the progressive
stages of renal disease that led to end-stage renal failure and
subsequent haemodialysis. Major causes of renal failure were
vesico-ureteric reflux (22 of 95, 23.2%). glomerulonephritis (41 of
95, 43.2%: IgA nephropathy, 10. and other glomerulonephritides,
31), polycystic renal disease (10 of 95, 10.5%), and miscellaneous
diseases that included diabetic and analgesic nephropathy (22 of
95, 23.2%).
All patients received maintenance immunosuppression from

day zero, as previously described.' In brief, this included CyA,
azathioprine, and prednisone, which was reduced from an initial
dose of 0.25 to 0.5 mg/kg/d, with the intention of prednisone
withdrawal by 6 months posttransplant. The diagnosis of rejection
was made from needle biopsy of the transplant in patients sus¬

pected to be experiencing acute rejection. Such episodes were
treated initially with additional oral prednisolone (300 mg, 200 mg,
and 100 mg on consecutive days). Histologically confirmed ste¬
roid-resistant episodes were subsequently treated with polyclonal
antithymocyte globulin (ATGAM; Upjohn. Ann Arbor. MI) or
monoclonal antibody (MAb) (OKT3; Ortho Pharmaceutical Corp,
CA). The occurrence of graft failure, the number of acute rejec¬
tion episodes, and the histological type of rejection lesion were
correlated with pretransplant sensitivity to CyA and MP with a
minimum follow-up period of 3 months.

Mixed Lymphocyte Culture (MLC) Assay
The assay, which uses Epstein-Barr virus-transformed continuous
lymphoblastoid cell lines to magnify the lymphoid responses to
alloantigen, has been described by Bowes et al.2 In brief, patient
responder lymphocytes are separated from heparinised blood via
density gradient before suspension at a concentration of 1 x 106

cells/mL in glutamine, antibiotic-supplemented RPMI medium
that also contains 10% autologous serum.
The stimulator lymphoblastoid cells are irradiated (13000 rads)

before suspension at 1 x 106 cells/mL in the same medium. Equal
volumes, 0.1 mL of responder and stimulator cells, are added to
0.025 mL of either supplemented RPMI medium or 0.5 (ig/mL
CyA or 1.0 jug/mL MP, the minimum drug concentrations re¬
quired to induce >50% MLC inhibition in healthy nontransfused,
nonparous controls.
Following incubation in covered, sterile microtitre trays at

37°C, in 5% humidified air for 5 days, 1.0 pCi of tritiated
thymidine is added to each well after which the cultures are
reincubated for a further 6 hours before harvesting with an
automatic system (PHD; Cambridge Tech Inc. Watertown, MA)
onto glass filter papers. The harvested material is then placed into
scintillation fluid and the radioactivity uptake measured from
counts measured in a Beckman Beta counter (Beckman, Moun¬
tain View, CA).
MLC responses from responder, stimulator, and CyA- or

MP-containing cultures were then compared with responses ob¬
tained in drug-free cultures to calculate the percentage of MLC
inhibition due to the immunosuppressive drugs. The MLC re¬

sponse to in vitro CyA or MP was considered sensitive when the
inhibition level was >50% and resistant when <50%.

RESULTS

Pretransplant MLC responses were found to be sensitive
to both CyA and MP in 51 (53.7%) of the 95 recipients and
resistant to CyA and/or MP in the remaining 44 (46.3%), of
whom 28 (29.5%) were resistant to CyA only. The renal
transplant outcome of recipients with MLC-resistant re-

Table 1. Renal Transplant Outcome and MLC Responses to In
Vitro MP and CyA

MLC Response to In Vitro Immunosuppression
Renal Transplant

Survival Sensitive* Resistant1" Total

Function 48 36 84

Nonfunction 3 8 11

Total 51 44 95

Note. )? (Yates correction) = 2.39; P = .0606, not significant.
"Sensitive = >50% MLC inhibition by MP and CyA.
tResistant = <50% MLC inhibition by MP and/or CyA.
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Table 2. Rejection Episode Incidence and MLC Response to In
Vitro MP and CyA

MLC Response to In Vitro
Immunosuppression

No. of Episodes Sensitive" ResistanP Total

>1 34 40 74

Nil 17 4 21

Total 51 44 95

Note. (Yates correction) = 6.72; P < .01.
" Sensitive = <50% MLC inhibition by MP and CyA.
r Resistant = >50% MLC inhibition by MP and/or CyA.

sponses is shown in Table 1. Transplant failures, all due to
rejection, numbered 11,3 (5.9%) from the sensitive recip¬
ient group and 8 (18.1%) from the resistant group. Al¬
though this was a threefold increase in graft loss from the
resistant patient group, the finding was not statistically
significant (y2, Yates correction, = 2.39, P > .05).
The incidence of rejection episodes experienced by the

two patient groups is shown in Table 2. One or more
rejection episodes were experienced by 40 of 44 (90.9%) of
the resistant group compared with 34 of 51 (66.6%) of the
sensitive patient group. Rejection episodes did not occur in
the remaining 17 (33.3%) recipients from the sensitive
group whereas only 4 (9.1%) of the resistant group re¬
mained rejection episode-free in the period of follow-up.
This threefold decrease in rejection experience in the
sensitive group of recipients, who required no antirejection
therapy, was statistically significant, .y2, Yates correction,
= 6.72, P < .01.
Table 3 shows the incidence of CyA- and MP-sensitive

and resistant MLC responses in the 95 recipients divided
into two groups according to whether their primary cause
of renal disease was vesico-ureteric reflux (22 of95,23.2%)
or not (73 of 95, 76.8%). Within the reflux recipient group,
18 (81.8%) had CyA- and/or MP-resistant responses com¬

pared with only 26 of 73 (36.6%) of the nonreflux recipient
group. This association was statistically significant (x2,
Yates correction, = 12.71, P > .001). Since lymphoid
resistance to in vitro CyA and/or MP was associated with
a higher incidence of rejection episodes and graft loss from
rejection, this implied that recipients whose primary cause
of renal failure was reflux nephropathy should also have a

poorer postgraft prognosis.
Table 4 compares the number of transplants that failed

Table 3. MLC Response to In Vitro Immunosuppression and
Aetiology of Primary Renal Disease

MLC Response to In Vitro
Immunosuppression

Aetiology of Disease Sensitive* Resistant* Total

Reflux nephropathy 4 18 22

Nonreflux nephropathy 47 26 73

Total 51 44 95

Note, y2 (Yates correction) = 12.71; P < .001.

Table 4. Renal Transplant Failure Due to Rejection and Aetiol¬
ogy of Renal Disease

Renal Allograft
Loss From Rejection

Aetiology of Renal Disease

Reflux Nonreflux Total

+ 17 67 84
- 5 6 11

Total 22 73 95

Note. £ (Yates correction) = 2.20; P > .1, not significant.

in the 22 recipients where reflux nephropathy was the
primary cause of renal failure with those that failed in
recipients whose renal failure was due to other causes.
Although the trend is not statistically significant (x2, Yates
correction, = 2.2, P > .1), it does suggest that reflux
recipients have a threefold increased risk of graft loss
when compared with recipients with no past history of
reflux (5 of 22, 22.7% compared with 6 of 73, 8.9%).

DISCUSSION

These results confirm and extend previous studies indicat¬
ing that recipients with in vitro CyA- and/or MP-resistant
lymphoid responses have a worse postgraft course, in
terms of both rejection episode experience and graft failure
due to rejection, than recipients with in vitro CyA- and
MP-sensitive responses.1-5
The results also confirm that resistant responses are

more likely in recipients whose end-stage renal failure is
due to vesico-ureteric reflux.1,6,7 Possible reasons for the
increased likelihood of reflux patients developing CyA-
and/or MP-resistant lymphoid responses have been previ¬
ously discussed1 and included genetic predisposition via
linkage disequilibrium within the HLA antigen system or
local production of a putative antigen with mitogenic
activity during the course of reflux nephropathy pathogen¬
esis. Each of these mechanisms could account for a high
responder status within this patient group with respect to
their reaction against both pregraft blood transfusion and
kidney allografts and which adversely influences the post-
graft course of reflux nephropathy recipients.
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Preoperative Identification of High-Risk Recipients of First
Kidney Transplants by In Vitro Lymphocyte Resistance to
Immunosuppressive Agents
D.M.A. Francis, L.J. Dumble, L.G. Bowes, I.M. MacDonald, P. Kincaid-Smith, and G.JA Clunie

MANY demographic, biochemical, and immunologicstudies have attempted to identify preoperatively
patients who have an increased risk of allograft rejection,
so that immunosuppression and donor-recipient combina¬
tions can be manipulated appropriately. Several studies1'1
indicate that in vitro sensitivityof recipient lymphocytes to
prednisolone (P) predicts the outcome of subsequent renal
transplantation. The present prospective study extends
our previous work4** and examines the relationship be¬
tween the outcome of renal transplantation and preopera¬
tive in vitro resistance to P and cyclosporine (CyA) of
lymphocytes from renal transplant recipients.

MATERIALS AND METHODS
Patients

Mixed lymphocyte culture (MLC) responses to in vitro P and CyA
were determined before immunosuppression and operation in 93
adult recipients of first cadaver renal transplant. All patients were
transfused preoperativcly. Kidneys were allocated on the basis of
best HLA match within the Australian interstate organ sharing
scheme. Maintenance immunosuppression consisted of low-dose
triple therapy with azathioprine (A), CyA, and P, as described
previously.4-7 Prednisolone was reduced by 2.5 mg/d every second
week with the aim of ceasing completely by 6 months postlrans-
plant. Acute rejection was confirmed by needle biopsy and treated
with additional oral P 400 mg. 300 mg, and 200 mg on consecutive
days. Steroid-resistant rejection was treated with Orthoclone
OKT3 (Ortho Pharmaceutical Corp, NJ). Transplant failure was
signified by return to dialysis because of ineversible rejection.
Patient treatment was completely independent of the results of in
vitro lymphocyte responses.

Mixed Lymphocyte Culture Assays
The technique ofMLC assay in the presence of immunosuppres¬
sive agents has been described.4 Briefly, recipient lymphocytes
were obtained from preoperative venepuncture samples by den¬
sity gradient separation. Stimulator cells were a panel of Epstein-
Barr virus transformed continuous lymphoblastoid cells express¬
ing eight different HLA-DR antigens, and were irradiated before
incubation with equal numbers (1 x 10s) ofrecipient lymphocytes.
Cells were incubated at 37*C in 5% CO2 for 5 days with either 0.1
Mg CyA. 0.05 Mg P. orcontrol medium. Mixed lymphocyte culture
responses from CyA- or P-containing cultures were compared
with control values to calculate the percentage ofMLC inhibition.
Patients were classified as "sensitive" if both CyA and P pro¬
duced more than a 50% inhibition of MLC response and as
"resistant" if one or both agents failed to inhibit the response by
50%.

RESULTS
Mixed Lymphocyte Culture Responses

Fifty of 93 patients (54%) had MLC responses sensitive to
CyA and P. Of 43 resistant patients, 15 were resistant to
only P, 9 were resistant to CyA alone, and 19 were
resistant to P and CyA. Sensitive and resistant groups did
not differ significantly in age, sex, or blood transfusion
history. Mismatches at HLA-A, B, and DR loci (mean ±
SD) were 3.1 ± 1.3 for the sensitive group and 2.9 ± 1.1 for
the resistant group (P > .1). The distribution of peak panel
reactive antibodies (peak PRA) differed significantly be¬
tween sensitive and resistant groups: sensitive—0% to
50% PRA = 46/50 (92%). 51% to 80% PRA - 2/50 (4%),
>80% PRA = 2/50 (4%); resistant—0% to 50% PRA =
31/43 (72%), 51% to 80% PRA = 7/43 (16%), >80% PRA =
5/43 (12%) (x* « 9.46, P < .01). The distribution ofcurrent
PRA (PRA immediately before transplantation) did not
differ significantly between sensitive and resistant groups.
There was no significant difference in warm and cold
ischaemia times or in immediate function rates between
the two groups. The distribution ofcauses ofchronic renal
failure was notably different between the two groups:
glomerulonephritis—sensitive 30/50 (60%), resistant 13/43
(30%); reflux nephropathy—4 (8%) and 17 (40%); polycys¬
tic kidney disease—5 (10%) and 5 (12%); hypertension—2
(4%) and 3 (7%); and other causes—9 (18%) and 5 (12%),
respectively.

Graft Losses

Duration of follow-up (mean ± SD) was 28.3 ± 9.5 months
(sensitive group) and 27.4 ± 7.0 months (resistant group).
Two of 50 transplants (4%) failed because of acute rejec¬
tion in the sensitive group whereas 10 of43 (23%) failed in
the resistant group (jf « 6.01, P < .02; Yates correction).
Irreversible allograft rejection occurred in 2 of 15 patients
(13%) who were resistant to only P, in 2 of 9 (22%) who
were resistant to only CyA, and in 6 of 19 (32%) who were
resistant to both drugs. There were no technical failures.
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Use of OKT3

Our previous studies have shown clearly that resistant
patients suffer significantly more episodes of acute rejec¬
tion than sensitive patients.4 OKT3 was used in the present
study to treat biopsy-proven acute allograft rejection that
had not responded to high-dose oral P. OKT3 was required
in 15 of 50 (30%) sensitive patients and 24 of 43 (56%)
resistant patients (^ = 6.32, P < .02). confirming that
resistant patients as a group failed significantly more often
to respond to the in vivo effects of P. OKT3 was required
in 9 of 15 (60%) patients who were resistant to P alone, 5 of
9 (56%) who were resistant to CyA but sensitive to P, and
10 of 19 (53%) who were resistant to both P and CyA.
OKT3 was least successful in patients who were resistant
to both P and CyA.

Long-Term Use of Prednisolone
Nine months after transplantation. 16 of44 (36%) sensitive
patients and 20 of 36 (56%) resistant patients still required
P to avoid rejection-induced impairment of renal function
(X2 = 2.94, P > .05). From 9 months after transplantation,
a higher proportion (not statistically significant) of patients
who were resistant to CyA alone required long-term P than
sensitive or other resistant patients.

Renal Function

Serum creatinine concentrations were significantly higher
in the resistant group than in the sensitive group for the
first year after transplantation: 1 month-^-245 ± 218
/xmol/L (resistant), 159 ± 68 junol/L (sensitive) (/»< .02);
12 months—177 ± 108 jimol/L (resistant), 137 ± 37
jimol/L (sensitive) (P < .05). Thereafter, serum creatinine
concentrations were still higher in the resistant group.

DISCUSSION

This report confirms that the response of recipient lym¬
phocytes in MLC to suppression by P and CyA before
transplantation correlates with the outcome of a subse¬
quent first cadaver renal allograft in adult patients immu-
nosuppressed with P, CyA, and A. Resistance to P and/or
CyA was associated significantly with increased graft loss
due to acute rejection, increased incidence of steroid-
resistant rejection which required the use of OKT3, and
impaired renal function during the first posttransplant
year. The study supports our previous observations4"6 of a
significant relationship between in vitro resistance to ste¬

roids and antithymocyte globulin and renal allograft sur¬
vival. It also demonstrates that patients who are resistant
to both P and CyA have a worse prognosis than those who
are resistant to only one immunosuppressive agent.
Although the precise mechanism of lymphoid resistance

is uncertain, steroid- and CyA-resistant MLC responses
are probably a reflection of recipient-activated T-ccII re¬
sponses that are induced before transplantation and that
predispose to acute allograft rejection despite maintenance
immunosuppression. Support for this concept is given by
the observation that the resistant group had a significantly
higher proportion of patients who had high levels of peak
PRA. As PRA levels at the time of transplantation ("cur¬
rent PRA") did not differ significantly between the two
groups, resistant patients probably should be regarded as
high responders in as much as they have the ability to
develop high levels of broadly reactive antibodies without
previous transplantation and in spite of similar transfusion
histories as sensitive patients, and arc at significantly
increased risk of acute allograft rejection in spite of similar
tissue matching and baseline immunosuppression as sen¬
sitive patients. The strong association between reflux
nephropathy and in vitro lymphoid resistance has been
discussed elsewhere.4
In conclusion, this report indicates that patients who are

at increased risk ofacute renal allograft rejection leading to
transplant failure and use of additional and expensive
antirejection therapy can be identified before transplanta¬
tion by the strength of their MLC responses in the pres¬
ence of immunosuppressive agents. Preoperative identifi¬
cation of high-risk patients may allow more appropriate
organ allocation and preemptive immunosuppression.
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An In Vitro Comparison of the Immunosuppressive Potential of
Synthetic Prostaglandin Analogues
N.G. Redgrave, L.J. Dumble, R. Pollak, LG. Bowes, M.J. Ruwart, and G.J.A. Clunie

EXPERIMENTAL studies1'3 and a clinical study4 indi¬cate that synthetic prostaglandin (PG) analogues
have a beneficial effect on allograft survival and have
synergistic effects when administered with cyclosporine
(CyA). This study was performed to provide an index of
the immunosuppressive potential of newly developed PG
analogues from the in vitro concentrations required to
inhibit human lymphoid responsiveness to alloantigen.

MATERIALS AND METHODS
Human Lymphocytes
Heparinised blood was obtained from five healthy donors without
history of previous blood transfusion, pregnancy, or organ trans¬
plantation.

Immunosuppressive Agents
Cyclosporint. Sandimmun (Sandoz Ltd, Basel, Switzerland) at

50 mg/mL was diluted in physiological saline to concentrations of
1.0-0.001 /ig/mL.
Prostaglandins. PGE,, PGEj, PGFj., and PGlj analogues

were supplied by the Upjohn Company (Kalamazoo, Mich) in the
form of l5-(s)-15-methyl PGE„ 16,16-dimethyl PGE2, 16,16-di-
methyl PGFj., and 9-deoxy-2,9a-methano-3-oxa-4,5,6-trinor-3,7-
(P,3'-interpheny!ene)-l3,M'-dihydroprostag!andin Fl with the Fl
nomenclature being the chemical description of the PCI}. Each
was provided in methyl acetate at 10 mg/mL that was subse¬
quently diluted, first with ethyl alcohol to a concentration of 1
mg/mL and thereafter with physiological saline to the concentra¬
tion range required for the study, 10.0-0.001 /ig/mL.

Mixed Lymphocyte Culture (MLC) Assay
Responder lymphocytes were isolated from the healthy donor
heparinised blood by density gradient separation and suspended in
glutamine, antibiotic-supplemented RPM1 medium containing
10% autologous rcsponder lymphocyte donor serum at a concen¬
tration of I x 104cells/mL. The stimulator population consisted of
Epstein-Ban- virus (EBV)-transformed lymphoblastoid cells that
were irradiated (130 Gy) before suspension also at I x I04
cells/mL in glutamine, antibiotic-supplemented RPMI medium
that contained 10% autologous responder lymphocyte donor se¬
rum.

Equal volumes (0.1 mL) of responder and stimulator cells were
incubated in triplicate wells of microtitre trays with each of the
following:

1. 0.05 mL of medium
2. 0.025 mL ofmedium plus 0.025 mL ofserial dilutions ofCyA

or PGE„ PGEj. PGFj., or PGI,
3. 0.025 mL of serial dilutions of CyA plus 0.025 mL of serial

dilutions of PGE„ PGEj, PGF,., or PGI2.
Following incubation at 37*C (5% COj) for 4 days, 1.0 mCi of

tritiated thymidine was added to all cultures before further incu¬
bation for 6-8 hours, after which cells were automatically har¬

vested (Skatron, Liebyen, Norway) on Titertek filter paper (Flow
Laboratories, Irvine, Scotland) that was placed in vials containing
liquid scintillation fluid for counting in a Beckman beta counter
(Beckman, Brea, CA). Triplicate MLC responses from respond¬
er-, stimulator-, and drug-containing cultures were compared with
triplicate responses from cultures containing 0.05 mL of medium
as a substitute for the appropriate drugs to maintain constant
culture volume, in order to determine the minimum concentra¬
tions ofCyA, PGE,, PGEj, PGFj., and PGlj which alone induced
50%MLC inhibition and the minimum concentrations ofCyA plus
PGE|, PGEj, PGFj.. or PGlj which induced the same degree of
inhibition.

RESULTS

The percent MLC inhibition induced by CyA and the PG
analogues as single agents is shown in Table 1. The most
potent MLC suppression, on a milligram for milligram
basis, was obtained from CyA and PGI2 which each
induced 50% inhibition at a minimum concentration of 0.1
Mg/mL. The PGE, and PGE2 analogues induced the same
degree of inhibition from 10 times greater concentrations,
1.0 /xg/mL, while 50% inhibition due to PGF2a was only
achieved with a concentration of 10.0 Mg/mL.
Table 2 shows the effect ofCyA combined with each of

the PG analogues on the MLC response. The inhibition
induced by CyA and the PGE analogues indicates a similar
degree of synergy from CyA and PGE, or CyA and PGE2
with the 50% level achieved with CyA at 0.01 Mg/mL and

Tabt« 1. Suppression of MLC Responses by CyA, PGE,, PGE,
PGFj^ and PGlj

Concentration,

Agant 0.001 0.01 0.1 1.0 10.0

CyA 11 25 52 72 64

PGE, 5 16 36 56 61

PGEj 6 18 32 51 58

PGFJ. 0 4 16 29 50

Prostacyclin 10 22 51 61 77

•Mean% (mean calculated trom% decreases obtained In MLCs of live healthy.
nonsensDised donors) decrease ol epm In drug-containing cultures compared with
cpm (mean epm In drug-free cultures - 29 414) In drug-tree cultures.
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Table 2. Suppression of MLC Responses by CyA In Combina¬
tion With PG Analogues

PG Analogue
Oig/mL)

CyA Concentration (^g/mL)'
0.001 0.01 0.1 1.0 10.0

E, 0.01 22 52 64 74 88
0.1 20 51 64 74 83
1.0 59 62 70 79 84

10.0 62 67 72 82 85

Ej 0.01 23 49 55 63 68

0.1 26 52 58 66 70

1.0 58 56 67 80 85
10.0 60 71 72 88 86

Ft. 0.01 14 25 55 70 86

0.1 14 24 55 72 86

1.0 31 30 58 76 85
10.0 58 65 69 79 86

1, 0.01 27 58 75 86 87

0.1 68 76 88 85 85
1.0 81 85 85 85 88
10.0 86 88 85 86 86

'Mean % (mean calculated from % decrease in MLCt oI lour healthy,
noneenaltiaed donors) decrease ol cpm In drug<ontalnlng cultures compared with
cpm (mean cpm In dmg-lree cultures - 32 712) In drug-tree cultures.

PGE, or PGEj at 0.01 /ig/mL. CyA and PGF2o suppres¬
sion of the MLC indicates that the combined action has no
influence further than that exerted when each was added
alone to cultures as 50% MLC suppression was observed
only from cultures that contained at least 0.1 /xg/mL CyA
or 10.0 /ig/mL PGF2a. The inhibition induced by CyA and
PGIj combinations indicates a synergy that parallels that
observed between CyA and the PGE analogues. The 50%
level was obtained with CyA at 0.01 /zg/mL and PGI2 at
0.01 /ig/mL.

DISCUSSION

These results indicate that each of the PG analogues has
the potential to suppress the in vitro lymphoid response to

alloantigens. However, the concentrations of each ana
logue that are required to suppress that response diffe
significantly, with PGI2 being 10 times more effective thai-
PGE, and PGE^ and the PGE analogues being a further 1ft
times more effective than the PGF^ analogue which
showed no indication of synergistic interaction with CyA.
In combination with CyA, the PGI2, PGE,, and PGEj

analogues promote even greater immunosuppressive activ¬
ity. Fifty percent suppression of the MLC was obtained
with CyA at 0.01 /xg/mL when combined with PGI2 at 0.01
/xg/mL, which is a 10-fold decrease in the concentration of
each that was necessary to achieve the same degree of
suppression when either was used alone. Similarly, CyA
and PGE, or PGE2 combinations are effective in the
induction of50%MLC suppression with a 10-fold decrease
in the concentration ofCyA but a 100-fold decrease in PGE
concentration. These results suggest that the PGE and
PGI2 derivatives may have CyA sparing potential.
A recent clinical renal transplant study with a PGE,

analogue indicated that this therapy, in combination with
CyA and prednisone, reduced the incidence of rejection
episodes.4 Animal studies with the same PGE, analogue1
showed that rat cardiac allografts have improved survival
from a combination of PGE, and CyA treatment that was
superior to that obtained when either was administered
alone and which was CyA-sparing. The favourable com¬
parisons of PGE2 and PGI2 with the PGE, analogue
indicates there may be additional PG analogues worthy of
study in clinical transplantation.
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ALLOGRAFT REJECTION AND IMMUNOSUPPRESSION

ANIMAL MODELS - MOUSE

My associates and / have used, in addition to the dog models

which proved useful in the assessment of ALS and of the techniques of

tissue preservation, two basic animal models. The first involved inbred
strains of mice to investigate with some precision the cellular processes

of allograft rejection and its modification and the second outbred strains

of rabbits to provide a basis for clinical application.

In the mouse, we have used delayed hypersensitivity reactions

(30,32,33,40) and skin allografts (30,33,39) to investigate the effects of

cyclosporine (30,33,35), blood transfusion (30,33) and anti/ymphocyte
serum (33) in terms of cellular response and graft survival. We then used

a mouse cardiac graft model to provide a vascularised organ for studies
of the effects of cyclosporine (31,35,39,42,44), blood transfusion (39),

ALS (39), monoclonal antibodies (36,37), UV irradiation (40) and

immunoconjugates (43,46,47) on graft survival and on cellular responses

(43,45,47). These studies are now being extended by the establishment

of a vascularised pancreatic allograft model.
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CYCLOSPORINE AND MURINE RESPONSES TO

ALLOANT/GENS: EFFECTS OF CYCLOSPOR/NE AND

DONOR-SPECIFIC TRANSFUSION IN DELA YED

HYPERSENSITIVITY REACTIONS AND MURINE SKIN

ALLOGRAFTS
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Transplantation Proceedings 17:1646-1649, 1985

Mice treated with CsA and allogeneic cells showed suppression of

DTH responses, but such suppression did not prolong skin graft survival.
Skin grafts appear to be uniquely susceptible to sensitising antigen.



Cyclosporine and Murine Responses to Alloantigens:
Effects of Cyclosporine and Donor-Specific Transfusions

on Delayed Hypersensitivity Reactions and Murine
Skin Allografts

P.L. Mottram, A. Mirisklavos, and G.J.A. Clunie

CYCLOSPORINE (CsA), an immuno¬suppressive drug isolated from the fun¬
gus Tricoderma polysporum, is a cyclic poly¬
peptide of 11 amino acids (mol wt 1,206.6).' It
suppresses lymphocyte function by noncyto-
toxic means and has been shown to prolong
allograft survival in humans and other mam¬
mals' (reviewed2). CsA blocks T cell activa¬
tion in vivo and in vitro and interferes with T
cell-mediated responses such as allograft
rejection and delayed-type hypersensitivity
(DTH) reactions.1'14 Recent investigations
into the role of the helper-inducer T cell
subset in graft rejection and DTH responses
have established strong links between these
two reactions5'6 and have suggested that DTH
may be an effective noninvasive way of mea¬
suring responses to alloantigens and hence,
the effects of immunosuppressants on such
responses. Thus, animals sensitized with
transfusions of whole blood gave DTH
responses and displayed accelerated rejection
of allogeneic skin grafts. Although DTH
could be blocked by CsA or rabbit anti-mouse
antilymphocyte serum (ALS), these immuno¬
suppressants had no effect on skin graft sur¬
vival in sensitized mice. Pretransplant blood
transfusions have been shown to prolong the
survival of skin, heart, or kidney grafts in
humans and animal models,7 9 but sensitiza¬
tion remains a problem when deliberate pre-
graft transfusion programs are adopted. The

From the Department of Surgery, Royal Melbourne
Hospital, Melbourne.
Supported by grant No. 840698 from the National

Health and Medical Research Council ofAustralia.
Address reprint requests to P.L. Mottram, Depart¬

ment ofSurgery, Royal Melbourne Hospital, Melbourne
3050, Australia.

© 1985 by Grune & Stratton, Inc.
0041-134518511702-0003S03.00/0

use of CsA in blocking secondary responses is
controversial,'012 and the work reported here
shows that CsA blocks only some aspects of
the secondary response to alloantigen.

MATERIALS AND METHODS

CBA(H-2k), BAl.B/c(H-2d), and (CBA x BALB/
c)F1 (H-2k/d) and inbred strains were obtained from the
Walter and Eliza Hall Institute, Melbourne. Mice used
were between 6 and 8 weeks of age and were sex matched
within experiments.
The crystalline CsA powder (Sandoz Ltd, Basel, Swit¬

zerland) was dissolved in medium chain triglyceride
(MCT) oil (Pharmacy, Royal Melbourne Hospital) by
heating in a lightproof container at 60 °C for one hour.
The drug was administered intramuscularly (IM).
ALS was prepared using a modification of the method

described by Gozzo et al.'3 Mouse lymph node cells (I07)
were emulsified in Frcunds complete adjuvant (FCA) and
were injected subcutaneously (SC) at four random sites
on the rabbit belly. Four weeks later, booster injections of
107 cells were given intravenously (IV) for three succes¬
sive days. Rabbits were bled one week after the last
booster injection. The serum was heat inactivated,
adsorbed, aliquoted, and frozen.
DTH was measured as described by Loveland et al.14

Mice were sensitized with 3 x 107 spleen cells injected
SC, followed six days later by footpad challenge with 5 x
10' lymphocytes in 0.05 mL phosphate-buffered saline
(PBS). The 24-hour footpad swelling was measured and
results were expressed as specific increase in footpad
thickness (left foot - right foot mm 2).
Skin grafts were prepared as described by Billingham

and Medawar." Donor tail skin was dissected into 3 mm

squares, the recipient was shaved, and a graft bed
prepared on the flank. The mouse was wrapped in plaster
for seven days, then unwrapped, and grafts were scored on
a scale of zero to four, ranging from total necrosis to 100%
healthy. Survival times were expressed as mean survival
time (MST) ± SD. Results were compared using Stu¬
dent's l test.

RESULTS

Effect ofCsA on DTH Responses to
Allogeneic Cells
A dose of 100 mg/kg CsA given on days 0,

4, and 6 postsensitization reliably reduced

1646 Transplantation Proceedings, Vol XVII, No 2 (April), 1985
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primary and secondary DTH to background
levels (Fig 1). CsA in this study was as
effective as ALS in blocking primary DTH
(Fig 1, groups 3 and 4) and secondary DTH
(Fig 1, groups 9 and 11). In mice primed twice
with allogeneic cells, CsA administered dur¬
ing primary (group 7) or secondary (group 9)
exposure to antigen blocked secondary DTH
response. Thus, CsA was effective when given
after the mice were primed with alloantigen
(Fig 1, group 9 was significantly different
from group 5, P < .005).

Effect of CsA and Donor-Specific Blood
Transfusions on Skin Allograft Survival
The results of these studies are shown in

Table 1. Completely allogeneic BALB/c skin
grafted onto CBA mice was normally rejected
in nine days (group 1). A small but significant
increase in graft survival time was observed
when recipient mice were treated with CsA,
100 mg/kg on and after the day of grafting
(group 5, MST = 13, significantly different to
group 1, P < .001). Further increases in graft
survival were observed only when the recip¬
ients were given a prolonged course of CsA,

from days -8 to 12 (group 6, MST = 18,
significantly different from group 1, P <
.001).
One-haplotype-mismatched skin grafts be¬

tween (CBA x BALB/c)Fl and CBA mice
normally survived 15 days (group 10). This
was not significantly increased by postgraft
CsA (group 11). A significant improvement in
MST was observed with CsA treatment from
-8 to 12 days (group 12, MST = 20, signifi¬
cantly different from group 10, P < .001).
Thus, multiple doses of CsA before, during,
and after grafting could significantly prolong
skin graft survival in mice with completely
mismatched or one-haplotype-mismatched
grafts. However, indefinite survival was not
achieved in these donor-recipient combina¬
tions.

Donor-specific blood transfusions from
BALB/c to CBA mice had no significant
effect on the survival of BALB/c skin grafts
(groups 2 to 4) when transfusions were given
at various intervals from nine weeks pregraft
to peroperatively. CsA treatment combined
with donor-specific transfusion was less effec¬
tive than CsA alone in prolonging graft sur-

Group
Sensitization
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3xl06 BALB/C
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Fig 1. The effect of cyclosporine and antilymphocyte serum on secondary delayed-type hypersensitivity
reactions in CBA anti-BALB/c strain mice.
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Table 1. Effect of Cyclosporine and Donor-Specific Transfusion on Skin Graft Survival in CBA Mice

Group (and Blood Donor) CsA (dl* Transfusionf (d) Graft Survival Times (d) MST ± SD

1 BALB/c None None 8, 8, 10, 10, 1 1 9 ± 1

2 BALB/c None 0 00 00 CO CO o o o o o o 9 ± 1

3 BALB/c None -7 CO CO 00 CO CO CO CO CO CO CO 8 ± 1

4 BALB/c None -63, -56, -49 7, 7, 8, 8, 8, 8, 8, 8, 8, 8 8 ± 1

5 BALB/c 0, 4, 6 None 12, 13, 13, 13, 13, 13, 14, 14 13 ± 1

6 BALB/c 8-12J None 14, 17, 18, 18, 18, 19, 19 18 + 2

7 BALB/c 0, 4, 6 0 10, 10, 10, 1 1, 1 1, 12 1 1 ± 1

8 BALB/c 0, 4, 6 -7 9, 10, 11,11,11,11,11 1 1 ± 1

9 BALB/c -8-12J -7 CO CO CO CO CO CO CO o 9 ± 1

10 (CBA x BALB/c)F 1 None None 13, 14, 14, 14, 15, 15, 15, 16, 16 15 ± 1

1 1 (CBA x BALB/c)F 1 0, 4, 6 None 13, 15, 15, 15 15 ± 1

12 (CBA x BALB/c)F 1 8-12J None 21, 20, 20 20 ± 1

13 (CBA x BALB/c)F 1 None -7 8, 9, 10, 10 9 ± 1

14 (CBA x BALB/c)F 1 0, 4, 6 -7 9, 9, 10, 10, 10, 1 1, 1 1, 1 1 10 ± 1

15 (CBA X BALB/c)F 1 -8-12J -7 8, 9, 9, 10, 12 10 ± 2

* 100 mg/kg in MTC oil given IM.
flV. 0.1 mL whole blood.
JCsA 100 mg/kg given every second day.

vival. Thus, groups 7 to 9, where grafts would
have survived for 13 to 18 days with CsA
treatment alone (groups 5 and 6) were sensi¬
tized by donor-specific transfusions, and MST
was reduced to ten days. Thus, transfusion
abrogated the suppressive effect of multidose
CsA treatment. In the F1 to CBA strain

combination, transfusions of F1 blood reduced
graft MST from 15 to nine days (groups 10
and 13 were significantly different, P < .001),
and multidose CsA could not block sensitiza¬
tion (groups 14 and 15). Thus, CsA treatment
before, during, and after exposure of the
recipient mice to donor antigens could not
overcome the sensitizing effects of transfu¬
sions, and a regimen of CsA treatment that
completely blocked both primary and secon¬

dary DTH responses did not result in
increased skin allograft survival.

DISCUSSION

DTH to allogeneic cells in the mouse is a T
cell-mediated, transferable, MHC-restricted
response to cell surface antigens coded by the
H-2 complex. The T cells involved are of the
helper-inducer Ly-1 phenotype.1617 Cells of
this type transfered to T cell-deficient mice
can induce skin graft rejection,14 but whether

they act directly to induce a specific immune
response or indirectly in recruiting monocytes
and cytotoxic Ly-2 cells is a matter of contro¬
versy. 14J8J9 Both Ly-1 and Ly-2 cells are

probably involved in different aspects of skin
graft rejection and the activation of both cell
types is blocked by CsA.1,3'4 This study shows
that both primary and secondary DTH to
alloantigens can be blocked with CsA and that
CsA blocked secondary responses in the pres¬
ence of fully primed T cells. Others have
reported CsA treatment of second set rejec¬
tion in rat renal allografts" and cardiac allo¬
grafts.12

In DTH, the antigenic challenge was tran¬
sient, and vascular damage at the challenge
site was minimal. Skin grafts allowed con¬
tinued exposure of the host to high doses of
alloantigen at an antigenic site rich in la
antigen-presenting cells.20 More CsA was
required to increase graft survival time than
required to block DTH, and if suppressor cells
were induced, they did not prevent rejection.
Microvascular damage and eventual epithe¬
lial necrosis may involve nonspecific pro¬
cesses, since host tissue is also damaged20'21
and such mechanisms may not be controlled
by CsA treatment.
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Mice treated with allogeneic cells and CsA
did show suppression of DTH responses
(Fig 1), but such suppression did not prolong
skin graft survival (Table 1) since donor-
specific transfusions with or without CsA sen¬
sitized recipients and reduced graft survival
times. Thus, mice that would not have
responded to a DTH challenge rapidly
rejected skin grafts. Results from vascularized
allograft models suggest that DTH may corre¬
late more closely with graft rejection in other
systems and that skin grafts are uniquely
susceptible to sensitizing antigens. Vascular¬
ized heart and kidney grafts in rats"12 are sion.

REFERENCES

prolonged by CsA and donor-specific transfu¬
sions, and in certain strain combinations,
transfusion alone prolongs mouse cardiac allo¬
grafts22 and induces suppressor cells.23 The
data from this study is consistent with the
Terasaki hypothesis.7 He suggested that
transfusions always sensitize and that subse¬
quent immunosuppression and allografting
may or may not allow the development of
effective suppression. The aim of studies with
CsA-induced suppression of alloantigen re¬

sponses is thus to identify the means of reli¬
ably inducing donor-specific immunosuppres-

1. Borel JF, Feurer C, Magnee C, et al: immunology
32:1017, 1977

2. Thomson AW: Aust J Exp Biol Med Sci 61:147,
1983

3. Wang BS, Heacock EH. Collins KH, et al: J
Immunol 127:89, 1981

4. Hess AD, Tutschka PJ. Pu Z, et al: J Immunol
128:360, 1982

5. Loveland BE, McKenzie 1FC: Transplantation
33:217, 1982

6. Dallman MJ, Mason DW: Transplantation 33:221,
1982
7. Terasaki P: Transplantation 37:119, 1984
8. Okazaki H, Maki T, Wood ML, et al: Transplanta¬

tion 32:1 11, 1981
9. Marquet RL, Heystek GA, Borletto JCC: Trans¬

plant Proc 12:589, 1981
10. Klaus GGB, Kunkl A: Transplantation 36:80,

1983

1 1. Homan WP, Fabre JW, Millard PR, et al: Trans¬
plantation 30:354, 1980

12. Shulak JA, Monson D, Shelby J, et al: Transplan¬
tation 36:289, 1983

13. Gozzo JJ, Wood ML, Monaco AP: Transplanta¬
tion 14:352, 1972

14. Loveland BE, Hogarth PM, Ceredig RH, et al: J
Exp Med 153:1044, 1981

15. Billingham RE, Medawar PB: J Exp Biol 28:385,
1951

16. Smith Fl, Miller JFAP: J Exp Med 150:965,
1979

17. Smith Fl, Miller JFAP: Int Arch Allergy Appl
Immunol 58:285, 1979

18. LeFrancois L. Bevan MJ: J Exp Med 159:57,
1984

19. Lowry RP, Gurley KE, Clarke Forbes RD: Trans¬
plantation 36:391, 1983

20. de Waal RMW, Bogman MJJ, Maass CN, et al:
Nature 303:426, 1983

21. Bhan AK, Mihm MC, Dvorak H: J Immunol
129:1578, 1982

22. Shelby J, Corry RJ: Heart Transplant 2:32, 1982
23. Shelby J, Wakely E, Corry RJ: Surgery 96:296,

1984



31

CYCLOSPOR/NE IN MURINE CARDIAC

TRANSPLANTATION: PROLONGATION OF ALLOGRAFT

SURVIVAL IS ASSOCIATED WITH CARD/OTOX/C/TY

Mirisk/avos A, Smith JA, Dumble LJ & Clunie GJA

Journal ofApplied Cardiology 7:109-123, 7986

This study highlighted a species difference in responses, in that

mice were shown to have a high therapeutic threshold for CsA, requiring

high doses to induce suppression and at least some strains are

susceptible to cardiotoxicity in the form of calcium deposition.
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ABSTRACT

In order to assess the effects of cyclosporine on

cardiac allograft survival in mice, BALB/c hearts
were grafted heterotopically into CBA recipients.

Cyclsoporine (100 mg/kg) was given as either (i)
a short course on days 0, 4 and 6 postgraft; or

(ii) a long course given every second day from -8
to +12 with grafting on day 0. Untreated

allografts were rejected in 10 days but short and

long courses of cyclosporine significantly

improved graft survival, with 53% of short course

and 86% of long course recipients having

surviving allografts at >50 days.
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Histological examination of the rejected hearts
in cyclosporine-treated groups showed massive

lymphocytic infiltration with large areas of

myocardial necrosis, scarring and calcification.

Long surviving grafts from short course

recipients showed minimal infiltration but had
areas of fibrosis, while grafts from long course

recipients were more damaged with large areas of

infiltrate, fibrosis and calcification. Focal

areas of myocardial fibrosis and calcification
were also seen in the native hearts of mice

receiving the longer course of cyclosporine. The
tissue calcium content (pmol/gm dry weight) of

recipient native hearts was 17.99 - 3.65 after
the long cyclosporine course, compared with 9.45 151
0.55 in untreated controls. Thus, cyclosporine

prolonged cardiac allograft survival in this
model but treatment with high doses of

cyclosporine was associated with cardiotoxicity.

Key Words: Heart, transplantation, mice, cyclosporine, cardio¬

toxicity, calcification.

INTRODUCTION

Cyclosporine is a powerful immunosuppressive agent derived from
the fungi Trichoderma polysporum and Cylindrocarpon lucidum. It

inhibits the production and release of thymus derived lymphocyte (T

cell) growth factors (1), thus inhibiting T cell mediated immune

responses such as allograft rejection and delayed-type

hypersensitivity (2,3). Cyclosporine has improved survival times in
clinical cardiac transplantation (4), but its use is associated with
a specific type of perimyocytic fibrosis in the donor heart (5). A
similar form of fibrosis has also been seen in rat heterotopic
cardiac grafts (6) and severe myocardial calcification was observed
in the native hearts of mice treated with high doses of cyclosporine

(7). In vitro studies of cyclosporine-treated rat hepatocytes showed
a dose-dependent increase in total cell calcium content (8). The
work reported here describes prolongation of allogeneic murine
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cardiac allografts with high doses of cyclosporine and demonstrates
that this treatment causes calcification and cardiotoxicity in donor
and native hearts.

MATERIALS AND METHODS

Animals

BALB/c (H-21^) and CBA (H — 2^) inbred, male mice, between 6-8

weeks of age and weighing 20-25 gm, were obtained from the Walter and
Eliza Hall Institute of Medical Research, Melbourne 3050, Australia.

Approval for this study was obtained from the Animal Experimentation

Committee, University of Melbourne (Register Number 556-004-0-84-

0046), and the Animal Ethics Committee, Royal Melbourne Hospital.
All animal experimentation was performed in accordance with the
National Health and Medical Research Council guidelines.

Cyclosporine

Cyclosporine was prepared as described previously (9). Briefly,
the crystalline powder (donated by Sandoz Ltd, Basel, Switzerland)
was dissolved in medium chain triglyceride oil (MCT, Mead Johnson

Ltd, Australia) at 60°C, and was administered by subcutaneous

injection. Subcutaneous MCT oil given alone, on days 0, 4 and 6 or

days -8 to +12, with grafting on day 0, had no significant effect on

allograft survival (data not shown).

Heart Transplantation

Heterotopic heart transplantation was performed as described by

Corry et al. (10). Briefly, the vessels of the donor heart were

anastomosed to the great vessels of the recipient abdomen with aorta

joined to aorta, and donor pulmonary artery to recipient inferior
vena cava. Graft function was monitored daily by abdominal

palpation. Rejection was defined as a lack of palpable contractions
and complete loss of electrical activity as measured by the

electrocardiogram, and was confirmed by visual examination at

laparotomy and subsequent histology of the donor heart.
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Anaesthesia

Mice were anaesthetised with a solution of 3.6% chloral hydrate
in distilled water. The anaesthetic was administered

intraperitoneally at a dose of 0.01 ml/gm body weight.

Histology

Hearts removed for histological examination were bisected, fixed

in Bouins solution and dehydrated in ethanol (70%). Sections were

infiltrated with paraffin, cut at 4 to 6 microns and stained with

haematoxylin and eosin or Masson's trichrome. Native and

transplanted hearts were examined for the following parameters: (i)
normal myocardium; and (ii) abnormal myocardium, which had cellular

infiltrate, myocyte fibrosis, necrosis, scarring and/or

calcification. Each parameter was expressed as a percentage of the
area of the entire section studied.

Determination of Tissue Calcium (Ca2+). The coronary vasculature was

flushed in situ via the ascending aorta, using 2 ml of an ice-cold
Dowex (50 w) treated solution. The solution, which contained 0.35

mol sucrose/1 and 5 mmol histidine/1 was adjusted to pH 7.4 (11).
The hearts were blotted, atria dissected free, and the remaining
ventricles dried to constant weight, at 100°C overnight. The tissue
was solubilised in 0.5 ml concentrated nitric acid for 48 hours, then

2.5 ml of a Ca2+ blank solution, containing 27 mmol KC1/1 and 27 ymol

CaCl3/l was added. Ca2+ standards were prepared from a 1 mol Ca2+/1
standard (BDH Chemicals, Victoria, Australia) in the Ca2+ blank

solution. Tissue Ca2+ was assayed by atomic absorption

spectrophotometry (Varian AA-175 atomic spectrophotometer) at 422.7

nm.

Statistical Analysis

Heart allograft survival times were compared using the Mann

Whitney U-test. P values of less than 0.05 were considered to
indicate statistically significant differences. Tissue calcium
levels were compared using student's t-test and one-way analysis of
variance. They are expressed as mean ± SEM of n experiments (unless

otherwise stated, n=6).
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RESULTS

Effect of Cyclosporine on Heart Allograft Survival

Completely histoincompatible BALB/c heart grafts were rejected

by CBA recipients in 10 days (Table 1, Group 1). A short post¬

operative course of cyclosporine, given on days 0, 4 and 6(with

grafting on day 0) led to prolongation for >30 days of 53% of the
grafts (Table 1, Group 2). Administration of cyclosporins on

alternate days between days -8 and +12 gave consistent prolongation
of heart transplants with 86% of recipients maintaining beating donor
hearts for >50 days (Table 1, Group 3).

TABLE 1

Effect of Cyclosporins on Heart Allograft Survival:
CBA Recipients of BALB/c Grafts

Treatment

cyclosporins Graft Survival Time

Group (100 mg/kg) (Days) p value3
(Days)

1 Nil 10,10,10,10,10,11,11

2 0,4,6 10,11,12,13,14,15,15,15,34 <0.05

35,39,>60, >60,>60,>60,>60,>100

3 -8 to +12 31,>50,>50,>50,>50,>77,>90 <0.05

a Significance determined by the Mann Whitney U-test; Groups 2 and 3

compared with Group 1

Microscopic evaluation of native and transplanted hearts
revealed a striking difference in histological appearance between
mice receiving the short or long cyclosporins treatments. After the
short course of cyclosporins, acutely rejected hearts showed massive
lymphocytic infiltration (60% of section), interstitial haemorrhage
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•ascular injury, myocardial necrosis, scarring (60% of section) and

:alcification (30% of section) (Fig. 2). The long surviving hearts
in this treatment group (Fig. 3) had >60% normal myocardium with mild

infiltration, fibrosis (15% of section) and foci of calcification

(10% of section). In the short course group, the native hearts (Fig.

4) did not differ greatly from untreated controls (Fig. 1), and

although small foci of fibrosis and calcification were occasionally

seen, these occupied <5% of the section. In recipients of the long
course of cyclosporine, the transplanted hearts showed only 20%
normal myocardium (Fig. 5) with 80% of the section infiltrated with
mononuclear cells: 70% also showed fibrotic scarring and 30% showed

calcification and infiltrate. There was also extensive perimyocytic
fibrosis. The native heart was damaged, with less than 20% normal

myocardium remaining and 80% of the section occupied by large foci of
fibrosis most of which contained deposits of calcium (60% of

section). No infiltration or vascular injury was apparent (Fig. 6).

FIG. 1

Native heart from an untreated CBA mouse (Haematoxylin and eosin

X500) .
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FIG. 2

Rejected BALB/c allograft from a short term cyclosporins treated
mouse. Note the great degree of infiltration (I), fibrosis and
necrosis (F) (Haematoxylin and eosin X300).

FIG. 3

Long surviving BALB/c allograft from a short term cyclosporins

treated mouse. Most of the myocardium appears regular (R) but there
are some foci of fibrosis (F) (Masson's trichrome X300).
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FIG. 4

Native CBA heart from a short term cyclosporine

The section is similar to that of an untreated native

(Haematoxylin and eosin X200).

FIG. 5

Long surviving BALB/c allograft from a long term cyclosporine
treated mouse. Note normal myocardium (N), massive infiltration (I),
fibrosis and scarring (F) and calcification (C). Note also the
characteristic perimyocytic fibrosis (P) (Masson's trichrome X200).

treated mouse,

heart (Fig. 1)



CYCLOSPORINE INDUCED CARDIOTOXICITY IN MICE 117

FIG. 6

Native CBA heart from a long term cyclosporine treated mouse.

There is little normal myocardium remaining (N). Note the large foci
of fibrosis (F) containing deposits of calcium (C) (Haematoxylin and
eosin X200).

Therefore, in this model, short and long term cyclosporine
treatment was effective in prolonging heart allograft survival. The

histology of the hearts strongly suggested that the prolonged high
doses of cyclosporine were cardiotoxic, with extensive myocardial
necrosis and calcification in native and transplanted hearts of mice

receiving this treatment.

Effect of Cyclosporine on Myocardial Tissue Calcium

The discovery of massive fibrosis and calcification occurring in
the hearts of mice receiving the long course of cyclosporine prompted
us to measure tissue calcium levels in these organs. The calcium
levels in native hearts of mice receiving the short term cyclosporine
were not significantly different from those in untreated mice (Table

2, Groups 1 and 2). However, tissue calcium in hearts treated with
the long cyclosporine course was almost twice the level seen in the

other groups (Group 3). This finding suggests that the prolonged
treatment with high doses of cyclosporine is responsible for the
cardiac calcification.
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TABLE 2

Cyclosporins on Tissue Calcium Levels

Group Treatment

Calcium

mol/g dry weight
mean ± SEM

p value3

1 Nil 8.15 ± 0.55

2 Cyclosporins

days 0,4,6

9.45 ±0.87 NSD

3 Cyclosporins

days -8 to +12

17.99 ±3.65 <0.05

a Significance determined by Students' t test and one-way analysis of
variance. Groups 2 and 3 compared with Group 1. NSD, not

significantly different.

DISCUSSION

These experiments show that cyclosporins significantly extends
the survival of fully allogeneic murine cardiac allografts. However,
severe cardiotoxicity developed in both the native and transplanted
hearts of mice receiving prolonged high doses of cyclosporins. This

cardiotoxicity was characterised by large areas of myocardial
fibrosis and scarring, and extensive calcium deposition.

Cyclosporins has been used extensively in the rat heart allograft
model, where administration of doses of 10-15 mg/kg/day for 7-10

days, resulted in prolonged survival of the heart allografts (12).

Dose-response studies with cyclosporins in the mouse model showed
that administration of cyclosporins at 20 mg/kg/day for 10 days did
not prolong mouse heart allografts (Mirisklavos, unpublished data).
We found that mice have a high therapeutic threshold for

cyclosporine, requiring doses of 100 mg/kg for reliable induction of

suppression (9). A requirement for high dose cyclosporine for the
induction of suppression in mice was also described by Thomson (13)
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*ho used cyclosporine at 70-100 mg/kg to suppress delayed-type hyper¬

sensitivity responses.

Serial monitoring of cyclosporine levels (14) has shown that

cyclosporine is rapidly absorbed, that it accumulates in peripheral

oody compartments (skin, adipose tissue, liver and kidney) and is

slowly but extensively metabolised with a terminal elimination half-
life from the blood of 14-17 hours. The main objective of monitoring

cyclosporine blood levels is to avoid the toxicity, morbidity and

mortality associated with excessive cyclosporine levels (15).

llinically, cyclosporine has emerged as the drug of choice in the

transplantation of kidney (16), heart (4,17,18) and liver (19).

However, adverse side-effects have been recognised since the first
clinical trials in renal transplantation were reported by Calne in
1978 (20). Nephro-toxicity is the most common complication of

cyclosporine therapy (15,21) but hepatotoxicity and neuroectodermal

toxicity also develop, although these conditions have been shown to

respond to dose reduction of cyclosporine (21).

In spite of toxicity problems, cyclosporine immunosuppression in
clinical cardiac transplantation, when used as the primary immuno¬

suppressant together with low dose prednisolone, has been vastly

superior to previous therapy in prolonging patient survival while

reducing the incidence of complications such as myelosuppress ion,
steroid morbidity and bacterial and fungal infections. This has been
achieved without an increased incidence of rejection (4,17,18).

lowever, cyclosporine requires continuous administration to be
affective even though the dose required for immunosuppression may be

tapered with time (15,13,21). Our findings of extensive fibrosis and

calcification in both native and transplanted hearts of mice

receiving the longer course of high dose cyclosporine indicate that
future deleterious effects on human native and allografted hearts
oust be considered.

To date, cardiotoxicity in patients receiving cyclosporine has
lot been reported. However, diffuse perimyocytic fibrosis does occur

in the donor heart of patients receiving cyclosporine (5). As yet,
10 evidence of compromised cardiac function, secondary to such
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scarring has been seen. Cohen et al. (6) looked for perimyocytic
fibrosis in the hearts of rats receiving 8 mg/kg/day of cyclosporins,
a dose which is comparable to human therapeutic levels. They found
that by 50 days post graft, the transplanted heart showed both peri-

myocytic fibrosis and coarse fibrosis, but the native heart was

unaffected. Borland et al. (7), treated CBA mice with higher doses
of cyclosporins (80 mg/kg/day) for 14 days and examined the native
heart. Macroscopically, white, hard deposits of calcium were

detected on the surface of the heart. This was seen histologically
as amorphous granular precipitate deposited in areas of fibrosis and

scarring. The phenomenon was restricted to particular strains of
mice including CBA, but was not found in BALB/c mice. We found
calcification in both native CBA and donor BALB/c hearts (Figs. 5 and

6) .

The mechanisms of cyclosporins induced calcification require

investigation. Since cyclosporins is chronically administered in
clinical cardiac transplantation it is recognised that cyclosporins
accumulates in body tissues. Le Grue et al. (22) showed that the
action of cyclosporine was initiated by partitioning of the molecule
into the cell membrane lipid bilayer, thereby perturbing homeostatic
control of membrane function. This disturbance of the cell membrane

may be related to cyclosporine induced cardiotoxicity. It is known
that toxic cell death occurs in two steps:

(a) disruption of the integrity of the plasma membrane, which is

independent of extracellular calcium, and

(b) a process requiring extracellular calcium which most likely
allows the influx of calcium across a damaged plasma membrane

(23,24).

Cyclosporine was shown to increase the permeability of the plasma
membrane to calcium (8). Hepatocytes treated An_v_iyq with
cyclosporine exhibited dose- and time-dependent damage due to

excessive calcium influx. Thus the cyclosporine-induced toxicity may

be due to intracellular calcium levels increasing beyond the capacity
of intracellular organelles to maintain cellular calcium homeostasis.
The subsequent increase in the cytosolic free calcium, which occurs

during unregulated calcium influx, may lead to irreversible cell

injury by a secondary activation of calcium-sensitive phospholipases,
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proteases and ATPases.

Potential for correcting or preventing eyelosporine-induced

toxicity may lie in the use of calcium antagonists such as verapamil,

nifedipine and diltiazem. For example, treatment of cadaver kidney

transplant donor and recipient pairs with diltiazem lowers the

frequency of delayed graft function in cyc1osporine-treated

recipients, suggesting that diltiazem may reduce cyclosporine-related

nephrotoxicity (25). These drugs may specifically abolish the
excessive calcium influx, whilst maintaining the beneficial effect of

immunosuppression. Such an approach could potentiate the therapeutic

value of cyclosporine, since calcium antagonists can also block T
cell activation (26) and perhaps reduce many, or all, of the

deleterious side-effects observed.
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These experiments demonstrated that suppressor cells in DTH

responses were strain-restricted and antigen-specific.
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Characterisation of Cyclosporine-Induced Suppressor Cells in Murine
Delayed-Type Hypersensitivity Responses

A. Mirisklavos, P.L. Mottram, L.J. Dumble, G.J.A. Clunie

Department of Surgery, Royal Melbourne Hospital, Melbourne, Australia

Abstract. The effect ofCyclosporine A (CsA) on T cell-mediated delayed-type hypersensitivity (DTH) reac¬
tions to murine alloantigens was analysed by transferring spleen cells from sensitised and suppressed mice into
irradiated naive recipients. Selective removal of Thyl + , Lyl+ or Ly2+ cells prior to intravenous transfer of
cells from alloantigen-sensitised mice showed that Lyl+ Thyl+ cells transferred sensitivity. Concomitant
treatment of mice with alloantigen and CsA suppressed the DTH response to alloantigens, and spleen cells
transferred from these suppressed mice abrogated the response of sensitised cells transferred at the same time.
The suppressor cells were strain-restricted and antigen-specific with the surface phenotype Thyl+, Lyl- Ly2+.

Cyclosporine A (CsA), a potent immunosuppres¬
sive drug, has been shown to prolong allograft sur¬
vival in man and other mammals [1,2] and to block T
cell-mediated responses such as allograft rejection,
delayed-type hypersensitivity (DTH) reactions and in
vitro cytotoxicity [1,3,4], Our studies have shown that
CsA treatment abrogates DTH [5] and the cell transfer
studies reported here were carried out to identify and
characterise the cells involved in CsA-induced sup¬

pression ofDTH to alloantigens.
We believe that this is the first report of CsA-in-

duced alloantigen-specific Ly2+ suppressor T cells
which are active in in vivo DTH responses. These cells
may well play a role in the survival of vascularised al¬
lografts in recipients treated with CsA at the time of
tissue transplantation [6, 7], CsA is most useful in
transplantation, where it can be given before and dur¬
ing exposure to alloantigens [8]. It is less effective
against some secondary alloantigen responses [3, 4]
and, in autoimmune disease, it can enhance estab¬
lished disease. Thus CsA is effective in suppressing
the inductive phase of experimental erythrocyte auto¬
immunity by inducing specific suppressor cells [9] and
has similar effects in experimental uveitis, allergic en¬

cephalitis and collagen arthritis [10, 11], It is ineffec¬
tive against established collagen arthritis [11] and en¬
hances spontaneous autoimmune thyroiditis in chick¬
ens [10], Thus CsA suppression can only be induced

during the early stages of T cell activation where fail¬
ure of the T helper and cytotoxic responses due to in¬
hibition of interleukin 2 (IL-2) and interleukin 1 se¬
cretion may lead to the preferential induction of sup¬
pressor cells [12, 13].

Inbred mice for these experiments were obtained
from the Walter and Eliza Hall Institute, Melbourne,
Australia and female mice, 6-8 weeks of age, were
used in all experiments. DTH was measured as de¬
scribed previously by Loveland et al. [14] and Smith
and Miller [15]. Mice were sensitised with 3xl07
spleen cells injected subcutaneously, followed 6 days
later by challenge with 5 x 106 lymphocytes in 0.05 ml
phosphate-buffered saline injected intradermally in
the left footpad. After 24 h the footpad swelling was
measured in both feet. Suspensions of spleen cells
from sensitised mice were transferred intravenously
to naive, irradiated (600R) recipient mice which were

footpad-challenged 1 h later with 5 x 106 lymphocytes
and footpad swelling was measured 24 h later [15].

Antisera directed against T cell subsets were used
to selectively deplete the transferred cell population,
as described previously [15]. Monoclonal anti-Thy 1.2
(from Dr. JHolland Scollay, Walter and Eliza Hall In¬
stitute ofMedical Research) was used at a concentra¬
tion of 1/20 and monoclonal anti-Lyl.l and anti-
Ly2.1 (from Prof. I.F.C. McKenzie, Pathology De¬
partment, University of Melbourne) were used at di-
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lutions of 1/20 and 1/40, respectively. Student's t test
was used to evaluate the difference between DTH re¬

sults.
The crystalline powder of CsA (Sandoz Ltd., Basel,

Switzerland) was dissolved in medium-chain trigly¬
ceride oil (Mead Johnson, Australia) by heating in a
light proof glass container at 60 °C until dissolved.
The drug was administered by intramuscular injec¬
tion in doses of 100 mg/kg [5].

The transfer of alloantigen-specific DTH allowed
analysis of the T cell populations induced in CBA
mice sensitised to BALB/c cells with and without
CsA treatment (table I). Sensitised cells were prepared
from the spleens of mice with measurable DTH re¬
sponses, while suppressor cells were collected from
the spleens of mice treated with 100 mg/kg CsA on
days 0, 4 and 6 after sensitisation. Sensitised spleen
cells could transfer DTH to naive, irradiated mice,
but no DTH transfer was observed when suppressor
cells were transferred to similar mice. When equal
numbers of suppressed and sensitised cells were trans¬
ferred together (6 x 106 cells of each type), no DTH
was observed (table I, group 5, compared with group
1, p <0.005). Thus suppressor cells blocked the DTH
transferred by sensitised cells.

When suppressors were treated with anti-Thy 1.2
serum and complement, and then mixed with sensi¬
tised cells (6 x 106 cells from each source) no suppres¬

sion was observed (table I, group 6, compared with
group 2, p < 0.005). Thus CsA-induced suppression in
these experiments was mediated by splenic T lympho¬
cytes. Suppression was also removed by treatment of
suppressor cells with anti-Ly 2.1 monoclonal anti¬
serum and complement (table II, group 4), while simi¬
lar treatment with monoclonal anti-Ly 1.1 had no ef¬
fect on the suppressor population (table II, group 3).
As expected, the anti-Ly 1.1 antiserum and comple¬
ment killed sensitised cells (table II, group 7, signifi¬
cantly different from group 1, p <0.005). Thus the
transfer of DTH induced by alloantigen required
Lyl+ sensitised T cells and was suppressed by Ly2+
T lymphocytes from CsA-treated mice.

Alloreactive spleen cells from CBA mice sensitised
with BALB/c cells (CBA anti-BALB/c) or C57BL/6
cells (CBA anti-C57BL/6) transferred DTH to syn¬

geneic naive recipients (table III, groups 5 and 9). The
CBA anti-BALB/c response could not be transferred
to completely allogeneic C57BL/6 recipients (group
8). Suppressor cells from CBA anti-BALB/c mice
treated with CsA (group 2) when mixed with alloreac¬
tive cells and transferred into syngeneic naive reci¬
pients were effective against the CBA-anti-BALB/c
response (group 7, significantly different from group
1, p <0.005), but had no effect on the CBA-anti-
C57BL/6 response (group 10, not significantly differ¬
ent from group 9, p > 0.01). Thus the DTH suppressor

Table I. Transfer of DTH from CBA mice sensitised to BALB/c cells: characterisation of CsA-induced suppressor cells

Group Sensitisation and transfer:
cell doses

Transferred
cell treatment

DTH: footpad increment2

mm 2 + SD p values

DTH in donors

1 BALB/c cells, 3 x 107, s.c., day 0
2 BALB/c cells, 3 x 107, s.c., day 0

plus CsA, 100 mg/kg, days 0, 4, 6

26 + 5

5 ± 2 < 0.0053

DTH in naive mice1
3 6 x 106 spleen cells from 1
4 6 x 106 spleen cells from 2
5 6 x 106 spleen cells from 1

plus 6 x 106 spleen cells from 2
6 6 x 106 spleen cells from 1

plus 6 x 106 spleen cells from 2

none

none

none

none

none

anti-Thy 1.2

22 ±4

4±3

5 ± 1

25 ±4

< 0.0053
< 0.0053

< 0.0054

1 Cells transferred intravenously to irradiated (600R) naive CBA mice.
2 DTH measured 24 h after antigen challenge: 10 mice per donor group, 5 mice per transfer group.
3 Compared with group 1.
4 Compared with group 2.
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Table II. Transfer of DTH from CBA mice sensitised to BALB/c cells: Ly-t characterisation of sensitiser and suppressor T cells

Group Sensitisation and transfer:
cell doses

Transferred
cell treatment

DTH: footpad increment2

mm 2 ± SD p values

DTH in donors
1

2

BALB/c cells, 3 x 107, s.c., day 0
BALB/c cells, 3 x 107, s.c., day 0
plus CsA, 100 mg/kg, days 0, 4, 6

28 + 4

4 ± 3 < 0.0053

DTH in naive mice1
3 6 x 106 spleen cells from 1

plus 6 x 106 spleen cells from 2
4 6 x 106 spleen cells from 1

plus 6 x 106 spleen cells from 2
5 6 x 106 spleen cells from 2
6 6 x 106 spleen cells from 2
7 6 x 106 spleen cells from 1

none

anti-Lyl.l
none

anti-Ly2.1
anti-Lyl.l
anti-Ly2.1
anti-Ly 1.1

3 + 2

17 ± 3
4 ± 2

5 ± 3

3 ± 2

< 0.0053

< 0.0054
< 0.0053

< 0.0053

1 Cells transferred intravenously to irradiated (600R) naive CBA mice.
2 DTH measured 24 h after antigen challenge: 10 mice per donor group, 5 mice per transfer group.
3 Compared with group 1.
4 Compared with group 2.

Table III. DTH transfer and CsA-induced suppression: strain restriction and antigen specificity

Group DTH donors DTH Antigen DTH footpad increment2
recipients' challenge

strain sensitisation mm"2 ± SD p values

1 CBA BALB/c cells3 BALB/c 23 + 3
2 CBA BALB/c cells plus CsA4 BALB/c 4± 1 < 0.0056
3 CBA C57BL/6 cells C57BL/6 22 ±6

DTH transferred to naive mice5
5 CBA anti-BALB/c (group 1) CBA BALB/c 22 ±5

6 CBA anti-BALB/c plus CsA (group 2) CBA BALB/c 5 ± 2

7 CBA anti-BALB/c (group 1) with CBA BALB/c 4 ± 3 < 0.0056
CBA anti-BALB/c plus CsA (group 2)

8 CBA anti-BALB/c (group 1) C57BL/6 BALB/c 5 + 2 < 0.0056
9 CBA anti-C57BL/6 (group 3) CBA C57BL/6 18 ± 4
10 CBA anti-C57BL/6 (group 3) with CBA C57BL/6 20 + 4 >0.017

CBA anti-BALB/c plus CsA (group 2)

' Naive irradiated (600R) recipients.
2 DTH measured 24 h after challenge.
3 3 x 107, s.c., day 0.
4 100 mg/kg intramuscularly days 0,4, 6.
5 6 x 106 spleen cells from each group, given intravenously.
6 Compared with group 1.
7 Compared with group 9.
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cells induced by concomitant treatment of CBA mice
with BALB/c cells and CsA were antigen (BALB/c)-
specific.
It has been shown that CsA suppresses in vitro T

cell-mediated cytotoxicity, T cell help [3, 4], in vivo al¬
lograft rejection and DTH [1, 2], At the cellular level
CsA primarily affects T cells which recognise specific
antigens; IL-2 secretion and subsequent proliferation
of these clones does not occur [12, 13] although T cells
can produce IL-2 receptors in the presence of CsA [16]
and antigen-specific T cell hybridomas which do not
depend on IL-2 for proliferation grow normally in the
presence of CsA, but are not activated to secrete IL-2
[17], Thus CsA inhibits the stimulation of IL-2 secre¬
tion, probably by interference with the antigen-anti-
gen receptor interaction required for T cell activation
and IL-2 production [17], Since there is no evidence
for a specific CsA receptor on T cells and CsA binds
as effectively to other cell types and phospholipid ves¬
icles [18] CsA probably disrupts antigen-receptor in¬
teractions by non-specifically binding to T cell mem¬
branes as specific antigen receptors are formed during
T cell activation. Many studies have indicated that
CsA cannot block the response of T cells already acti¬
vated by antigen [3, 4, 10, 11] but some secondary re¬
sponses in vivo, such as DTH [5] and rejection of rat
renal and cardiac allografts in sensitised recipients
[19, 20] can be suppressed by CsA. In those experi¬
ments [5, 19, 20] suppressor T cells were postu¬
lated, but not positively identified as the suppressive
mechanism. The present study was undertaken
to investigate the mechanisms responsible for
DTH suppression in mice treated with CsA and allo-
antigen.
DTH to allogeneic cells in the mouse is a T cell-me¬

diated, transferable, MHC-restricted response to cell
surface antigens coded by the H-2 complex [21, 22].
Sensitised spleen cells effectively induced DTH when
transferred to naive, irradiated mice, but CsA treat¬
ment of donor mice led to the production of suppres¬
sor spleen cells which could block DTH when trans¬
ferred together with sensitised cells (table I).

The cell transfer experiments in this study demon¬
strate specific cellular functions following negative
selection processes. Smith and Miller [22] also demon¬
strated that DTH sensitivity to allogeneic cell surface
antigens could be transferred to naive mice by intra¬
venous injection of particular subsets of T lympho¬
cytes obtained from mice sensitised to allogeneic
cells.

In this study suppression of DTH to alloantigens
in CsA-treated mice was due to the induction of

splenic suppressor T cells which bore the Thy 1.2 and
Ly 2.1 surface markers and whose action was both
strain-restricted and antigen-specific. Others have ob¬
served similar Ly2+ suppressor T cells in the regula¬
tion of antibody production [23], DTH [24] and cyto¬
toxicity [25]. Alloreactive T cells have been shown to
suppress in vitro antibody responses by human lym¬
phocytes in an antigen-specific manner, implying that
alloreactive suppression is mediated by antigen-spe¬
cific or possibly idiotype-specific T suppressor cells
[26-28]. The data presented here demonstrate that cel¬
lular responses to alloantigens are also controlled by
Ly2+ suppressor T cells, and this may be one mech¬
anism for CsA-induced prolongation of allograft sur¬
vival and the suppressive effect of CsA on the induc¬
tive phase of autoimmune diseases.
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Effects of Cyclosporin A, Antilymphocyte Serum and Donor-Specific
Transfusions on Murine Delayed-Type Hypersensitivity and
Skin Graft Survival

P.L. Mottram, A. Mirisklavos, L.J. Dumble, G.J.A. Clunie

Department of Surgery, Royal Melbourne Hospital, Melbourne, Australia

Abstract. The effect of immunosuppressive reagents cyclosporin A (CsA) and rabbit anti-mouse antilym¬
phocyte serum (ALS) on the response to alloantigens was studied in inbred mouse strains. Alloantigen was
given either as a cell suspension which induced a delayed-type hypersensitivity reaction (DTH), or as a full-
thickness skin graft. Dose-response studies showed that DTH reactions in CBA mice sensitised to BALB/c
cells were reduced to background levels when recipient mice were treated with 100 mg/kg CsA on days 0, 4 and
6 after primary alloantigenic challenge. The response to a second challenge was significantly decreased by CsA
treatment during primary or secondary exposure to alloantigen and CsA was as effective as ALS in abrogating
both primary and secondary DTH reactions. Survival of full-thickness grafts of BALB/c skin on CBA mice
was increased from 9 to 23 days by ALS treatment on days -1 and +2, with grafts given on day 0. Long-term
treatment with CsA, from day -14 to +12, also prolonged graft survival from 9 to 18 days but donor-specific
transfusions, with or without concomitant ALS or CsA treatment, decreased graft survival and often sensitised
the recipients. This occurred with transfusions administered from -63 to -7 days and on the day of grafting.
Thus, in H-2 mismatched mice, both CsA and ALS treatments produced a state of tolerance when administered
during short-term exposure to alloantigen. With a stronger antigenic stimulus, in the form of a skin graft, ALS
was only partially effective in overcoming the sensitising effects of donor-specific transfusions given prior to
grafting and CsA could not prevent sensitisation of the recipient, but the continued presence of the drug de¬
layed the onset of rejection in unsensitised recipients.

Introduction

Investigations of the role of the helper/inducer T
cell subset in graft rejection and delayed-type hyper¬
sensitivity (DTH) responses have established strong
links between these two reactions [1,2] and have sug¬
gested that DTH may be a non-invasive way of mea¬
suring responses to alloantigens, for predicting allo¬
graft survival and testing the effects of immunosup¬
pressants. Cyclosporin A (CsA), an immunosuppres¬
sive drug isolated from the fungus Tricoderma poly-
sporum, is a cyclic polypeptide of 11 amino acids
(MW 1206.6) which has been shown to prolong allo¬
graft survival in man and other mammals [3, 4] and to
block T cell mediated responses such as in vitro cyto¬
toxicity, in vivo allograft rejection and DTH reac¬
tions [3, 5, 6]. CsA inhibits the early stages ofT cell ac¬
tivation by blocking the secretion of interleukin-1 and

-2 (IL-1, IL-2) [7-9], interferon-y [10] and colony-
stimulating factor (CSF) [9], T cells, in the presence of
specific antigen and CsA, can still produce IL-2 re¬
ceptors [11] and T cell hybridomas, which do not de¬
pend on IL-2 for proliferation, will grow in the pres¬
ence of CsA, but are not activated by specific antigen
to produce IL-2 [9], Thus CsA probably interferes
with the interaction between antigen and antigen-spe¬
cific receptor required to trigger T cell activation and
IL-2 secretion [9, 12], Although CsA can block T cell
activation in primary responses [5, 6, 13, 14] its effec¬
tiveness against secondary responses is variable. For
example CsA doses which effectively suppress anti-
collagen DTH and the inductive phase of experimen¬
tal collagen arthritis in rats enhance both the disease
and DTH in cases of established disease [14], CsA also
increases the severity of spontaneous thyroiditis in
obese-strain chickens [13], suggesting that CsA sup-
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Table I. Effect of rabbit anti-mouse ALS on the survival of BALB/c skin on CBA mice

Group Serum Dose, ml" Graft survival time, days MST ± SD, days

1 None _ 9,9,9, 10, 12 10 ± 2

2 NRS 0.5 12, 12, 14, 14, 14 13 + 1

3 ALS-M 0.5 36,40,40, 48 41+5

4 ALS-M 0.3 21,26,29, 54 32 ± 14

5 ALS-M 0.1 22,23,24, 26 24 + 2

6 ALS-M 0.05 19, 19,20, 20 20 ± 1

7 ALS-M 0.01 13, 13, 17,20, 20 17 ± 4

8 ALS-W 0.1 22, 22, 24,26 24 + 2

9 Absorbed ALS-Wb 0.1 9, 12, 13, 13, 16, 16, 18 13 ± 5

10 ALS-G 0.1 21,21,24,25 23 ±2

11 ALS-F 0.1 17,20, 22, 23,24,25,26 22 ±4

NRS = Normal rabbit serum.
a Given intraperitoneally on days — 1 and +2.
b Absorbed twice with CBA spleen cells.

pression of T cell responses must be established be¬
fore or during T cell activation. However, some sec¬
ondary responses in vivo can be suppressed by CsA
and these include DTH responses to alloantigens [15]
and the rejection of rat renal and cardiac allografts in
sensitised recipients [16, 17]. The work reported here
shows that CsA is as effective as ALS in blocking pri¬
mary and secondary DTH reactions, but neither of
these immunosuppressants can completely overcome
the sensitising effect of donor-specific pregraft blood
transfusion in the BALB/c to CBA murine skin graft
model. Donor-specific transfusions (DST) have been
shown to prolong the survival of skin, heart and kid¬
ney grafts in man and other animal models [18-20]
but such transfusions can also sensitise recipients and
accelerate graft rejection [18]. This paper examines the
effect of blood transfusions and immunosuppression
on DTH reactions and skin graft survival in an al¬
logeneic donor-recipient combination.

Materials and Methods

Mice

CBA(H-2k), BALB/c(H-2d) and (CBA x BALB/c) F1 (H-2k/d)
inbred strains were obtained from the Walter and Eliza Hall Insti¬

tute, Melbourne, Australia. Mice used were between 6-8 weeks of
age, and sex-matched within experiments.

Cyclosporin A
CsA was prepared as described previously [15]. The crystalline

powder (Sandoz Ltd., Basel, Switzerland) was dissolved in me¬

dium-chain triglyceride oil (MTC, Mead Johnson, Australia) by
heating in a light-proof container at 60 °C until dissolved. The drug
was administered intramuscularly.

Rabbit Anti-Mouse Antilymphocyte Serum
ALS was prepared using a modification of the method de¬

scribed by Gozzo et al. [21]. A single-cell suspension of mouse
lymph node cells (8 x 107/ml) was prepared in phosphate-buffered
saline (PBS) and emulsified in an equal volume of Freund's com¬

plete adjuvant (FCA). A total volume of 0.25 ml containing 107 cells
was injected subcutaneously at four random sites on the rabbit ab¬
domen. Four weeks later, booster injections of 107 cells were given
intravenously on three successive days and rabbits exsanguinated 1
week after the last injection. The blood was left overnight to allow
maximum clot retraction before the serum was removed and spun

(10 min, 2,500 rpm) to remove red cells. The serum was heat-inacti¬
vated for 1 h at 56 °C, and then absorbed with 40 mg agarose/ml at
4°C for 1 h, spun at 3,500 rpm for 10 min and then aliquoted and
frozen. The anti-mouse activity was removed by absorbing the heat-
inactivated ALS with an equal volume of mouse spleen cells, pre¬
pared as a single-cell suspension and spun down (5 min,
1,500 rpm). The spleen cells and serum were mixed gently and al¬
lowed to stand at 4°C for 1 h with intermittent mixing. The cells
were then spun down, the serum removed (10 min, 2,500 rpm) and
mixed with an equal volume of fresh spleen cell suspension at 4°C
for 1 h. These cells were removed (10 min, 2,500 rpm) and the ab¬
sorbed serum was then aliquoted and frozen. All sera were tested
for their ability to increase allogeneic skin graft survival, with heat-
inactivated normal rabbit serum as a negative control (table I).

DTH Responses
DTH was measured by a modification of the method described

by Loveland et al. [22]. Mice were sensitised with a subcutaneous in¬
jection of 3 x 107 spleen cells. Six days later, the left footpad was

challenged by intradermal injection of 5 x 106 spleen cells in 0.05 ml
PBS. After 24 h, the footpad swelling was measured using a Mitu-
toyo dial thickness gauge (model No. 7309, Mitutoyo MFG Co.

I
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Table II. Effect ofCsA on primary DTH reactions: CBA anti-BALB/c

Group BALB/c CSAdoseb Day of injection DTH: footpad increment, mm 2
sensitization" (mean ± SD)

0 10 20 30 40

1 + None
-i

2 None _ H
3 + 50 mg/kg 0 1

4 + 100 mg/kg 0

5 + 10 mg/kg 0,2,4
6 + 50 mg/kg 0,2,4
7 + 75 mg/kg 0,2,4 H
8 + 100 mg/kg 0,2,4 h
9 + 100 mg/kg 0,4,6 IE
10 + 50 mg/kg 0,4,6

" 3 x 107 spleen cells subcutaneously.
b In MTC oil, given intramuscularly.

Ltd., Tokyo, Japan). Results were expressed as mean specific in¬
crease in footpad thickness (left foot minus right foot mm"2)
± standard deviation with 5-10 mice in each experimental group.
Statistical analysis was carried out using Student's t test.

Skin Grafting
Skin grafts were prepared by a modification of the method de¬

scribed by Billingham and Medawar [23]. Briefly, donor tail skin
was dissected into 3 mm squares. The recipient was shaved, a graft
bed prepared on the flank and the graft placed on the bed and
covered with spray-on plastic dressing. The wound was dressed
with a band-aid (Johnson & Johnson) held in place by a clip for 6
days. At this time the band-aid was removed and grafts scored on a
scale of 0-4, ranging from total necrosis (0) to 100% healthy (4).
Survival times were expressed as median survival time ± standard
deviation (MST ± SD). Results were compared using the Mann-
Whitney non-parametric test.

Results

Effect ofCsA on DTH Response to Allogeneic Cells
Dose-response studies showed that DTH responses

of CBA mice to allogeneic BALB/c spleen cells were
significantly reduced by multiple CsA doses of be¬
tween 50 and lOOmg/kg (table II). Single doses of
CsA were not as effective as multiple doses. A dose of
100 mg/kg CsA given on days 0, 4 and 6 after-sensiti-
sation reliably reduced primary (table II, group 9)
and secondary (table III, group 6) DTH to back¬
ground levels. CsA in this study was as effective as
ALS in blocking primary DTH (table IV, group 3)
and secondary DTH (table IV, groups 6 and 7). In
mice primed twice with allogeneic cells, CsA adminis¬

tered during primary or secondary (table III, groups 6
and 8) exposure to antigen blocked secondary DTH
response. Thus CsA was effective when given after the
mice were primed with alloantigen (table III, group 8
compared with group 4, p < 0.005).

DTH Induced by Blood Transfusions
Since DST could sensitise skin graft recipients and

cause accelerated graft rejection (tables V, VI), the
DTH response following blood transfusion was mea¬
sured. Intravenous doses of allogeneic blood, which
accelerated skin graft rejection, induced DTH reac¬
tions equivalent to those produced by allogeneic
spleen cells injected subcutaneously (table VII,
groups 1 and 2). CsA was effective in blocking trans¬
fusion-induced DTH responses (table VII, group 4,
compared with group 2, p < 0.005).

Effect ofCsA on Skin Allograft Survival
Completely allogeneic BALB/c skin grafted onto

CBA mice was normally rejected in 9 days (table VIII,
group 1, MST 9 days). A small but significant increase
in graft survival time was observed when recipient
mice were treated with CsA, 100 mg/kg for 7-12 days
before or after the day of grafting (groups 2, 3 and 4;
MST = 12-13 days, compared with group 1, p
< 0.005). Further increases in graft survival were ob¬
served when the recipients were given a prolonged
course of CsA, before and after the skin graft (groups
5 and 6: MST=18-19 days, significantly different
from group 1, p < 0.005).

L
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Table III. Effect ofCsA on secondary DTH reactions: CBA anti-BALB/c

Group Sensitization: Immunosuppression3 Challenge: DTH: footpad increment, mm 2
(mean ± SD)

3 x 107 BALB/c cells 3 x 106 BALB/c cells on
on day day 0 10 20 30 40

1 0 None 6
1

2 None None 6 ->
3 0 Days 0,4, 6 6 h
4 0, 14 None 20 h—
5 None None 20 h
6 0, 14 Days 0, 4, 6 20 _h
7 0, 14 Days 0,4,6, 14, 18, 20 20

8 0, 14 Days 14, 18,20 20 tF
5-8 mice per group.

3 CsA 100 mg/kg in MTC oil given intramuscularly.

Table IV. Effect of ALS on secondary DTH reactions: CBA anti-BALB/c

Sensitization: Immunosuppression3 Challenge:

3 x 107 BALB/c cells
on day

3 x 10' BALB/c cells on

day

DTH: footpad increment, mm 2
(mean ± SD)

0 10 20 30 40

0

None

0

0, 14
None

0, 14
0, 14

None 6

None 6

Days —1,2 6
None 20

None 20

Days-1,2, 13, 16 20
Days 13, 16 20

5-8 mice per group.
ALSO. 1 ml intraperitoneally.

One-haplotype-mismatched skin grafts from
(CBA x BALB/c) F1 to CBA mice normally survived
for 15 days (table VIII, group 7). This was not signifi¬
cantly increased by postgraft CsA (group 8) or pre-
graft CsA (group 9). A significant improvement in
MST was observed with CsA treatment from -8 to

+ 12 days (group 10, MST=19 days, significantly dif¬
ferent from group 7, p <0.001). Thus multiple doses
of CsA before, during and after grafting could signifi¬
cantly prolong skin graft survival. However, indefi¬
nite survival was not achieved in these donor-reci¬

pient combinations and rejection occurred once CsA
treatment ceased.

Effect ofCsA and DST on Skin Graft Survival
DST from BALB/c to CBA mice had no signifi¬

cant effect on the survival of BALB/c skin grafts
(table V, groups 3-5) when transfusions were given at
various intervals from 9 weeks before grafting to per-
operatively. CsA treatment combined with DST was
less effective than CsA alone in prolonging graft sur¬
vival. Thus in table V, groups 6 and 7, where grafts
would have survived for 13 days with CsA treatment
alone (see table VIII, groups 2 and 3), sensitisation by
DST reduced MST to 10-11 days. Multi-dose CsA
given before transfusion through to 12 days after
grafting also failed to increase graft survival above

i
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Table V. Effect of CsA and DST on skin graft survival in CBA mice

Group Skin and blood donor CsA" (days) Transfusionb(days) Graft survival time, days MST ± SD, days

1 BALB/c None None 8,9,9,9,9,9,9, 10, 10, 11, 11 9 ± 1

2 BALB/c None 0 8,8,8,8, 10, 10, 10, 10, 10, 10 9 ± 1

3 BALB/c None - 7 8,8,8,8,8, 8,9,9,9,9 8 ± 1

4 BALB/c None -14 8,9,9,9,9, 9,9 9+1

5 BALB/c None -63, -56, -49 7,7,8,8,8, 8, 8,8,8,8 8 ± 1

6 BALB/c 0,4,6 0 10, 10, 10, 11, 11, 12 11 ± 1
7 BALB/c 0,4,6 - 7 9, 10, 11, 11, 11, 11, 11 11 ± 1

8 BALB/c -8 to +12" - 7 8,8, 8,8,8,9,9, 10 9 ± 1

9 BALB/c — 14 to -t-12C - 7 10, 10, 10, 10, 11, 11, 11 10 ± 1
10 (CBA x BALB/c) F1 None None 13, 14, 14, 14, 15, 15, 15, 16, 16 15 ± 1

11 (CBA x BALB/c) F1 None - 7 8,9, 10, 10 9 ± 1
12 (CBA x BALB/c) F1 None -14 9,9,9,9,9,9, 10, 10 9+ 1

13 (CBA x BALB/c) F1 0,4,6 - 7 9,9, 10, 10, 10, 11, 11, 11 10 ± 1

14 (CBA x BALB/c) F1 — 8 to + 12c - 7 8,9,9, 10, 12 10 ± 2

a 100 mg/kg in MTC oil given intramuscularly.
b 0.1 ml whole blood given intravenously.
c Given every second day.

Table VI. Effect of ALS and DST on skin graft survival: BALB/c skin and blood given to CBA mice

Group Serum and ALS" (days) Transfusionb(days) Graft survival time, days MST + SD, days

1 None None 8,9,9,9,12 10±2
2 NRS: — 1, +2 None 12,12,14,14,14 13 ± 1
3 ALS: -1, +2 None 22,22,24,26 24±2
4 ALS: -1, +2 -31,-24,-17,-10 12,12,12,13,13,14,16,16 14±2
5 ALS: -1, +2 -10 11,14,14,14,14 14 ± 1
6 None -10 8,8,8,9,9,9,10 9±1
7 ALS:-11,-8,-1,+2 -10 16,17,17,17 17 ± 1

NRS = Normal rabbit serum.
" 0.1 ml ALS-W or normal rabbit serum intraperitoneally.
b 0.1 ml whole blood intravenously.

Table VII. Effect of CsA on DTH induced in CBA mice by BALB/c blood transfusions followed by BALB/c spleen cell footpad
challenge

Day CsA"(days) DTH: footpad increment; mm"2
(mean ± SD)

0 10 20 30 40

1 3 x 107 spleen cells subcutaneously 0
2 PBL in 0.1 ml blood intravenously 0
3 None
4 PBL in 0.1 ml blood intravenously 0

5-8 mice per group, challenged with 5 x 106 BALB/c cells in left footpad.
100 mg/kg given in MTC oil intramuscularly.

Group Sensitization

BALB/c cells

None

None

None

0,4,6 b:
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Table VIII. Effect of CsA on skin graft survival in CBA mice

Group Skin donor CsA"(days) Graft survival time, days MST ± SD, days

1 BALB/c none 8,8,9,9,9, 9,9,9,9, 10, 10, 11,11 9 ± 1

2 BALB/c 0, 4,6 12, 12, 13, 13, 13, 14, 14 13 ± 1

3 BALB/c Oto +12" 11, 12, 12, 12, 14, 15, 15 13 + 2

4 BALB/c - 8 to - lb 12, 12, 12, 12 12 ± 0

5 BALB/c - 8 to + I2b 14, 17, 18, 18, 18, 19, 19 18 + 2

6 BALB/c - 14 to + 12b 18, 18, 19, 19,20 19 ± 1

7 (CBA x BALB/c) F1 none 13, 14, 14, 14, 15, 15, 15, 16, 16 15+1

8 (CBA x BALB/c) F1 0, 4,6 13, 15, 15, 15 15 ± 1

9 (CBA x BALB/c) F1 - 8 to -lb 13, 15, 15, 16, 16, 18, 18 16+1

10 (CBA x BALB/c) F1 - 8 to + 12b 16, 19,20,20,21 19 ± 2

a 100 mg/kg in MTC oil given intramuscularly.
b 100 mg/kg given every second day.

background (table V, groups 8 and 9). Thus transfu¬
sion abrogated the suppressive effect of multi-dose
CsA treatment (table VIII, group 5, MST = 18 days).

The sensitising effect of DST was obvious in the
haplotype-mismatched F1 to CBA strain combina¬
tion where transfusions of F1 blood reduced graft
MST from 15 to 9 days (table V, groups 11 and 12
compared with group 10, p <0.001). Multi-dose CsA
could not block this sensitisation (groups 13 and 14).
Thus CsA treatment before, during and after expo¬
sure of the recipient mice to donor antigens could not
overcome the sensitising effects of exposure to alloan¬
tigens and a regime of CsA treatment which would
completely block both primary and secondary DTH
responses did not result in prolonged skin allograft
survival.

Effect ofRabbit Anti-Mouse ALS on Skin Allograft
Survival

Separate preparations of lymph node cells were

injected into four rabbits to produce four batches of
ALS (ALS-M, W, G and F). All four batches were
equally effective in prolonging allograft survival
when graft recipients were given 0.1 ml of ALS on
days -1 and +2 (table I, groups 5, 8, 10 and 11).
Doses of ALS-M from 0.5 to 0.01 ml significantly
prolonged allograft survival (table I, groups 3-7
compared with group 1, p <0.001) but doses of 0.5
and 0.3 ml were associated with increased recipient
mortality, simply because of the volume of serum
injected - the same mortality was observed with
0.5-ml doses of normal rabbit serum, which did not
significantly prolong allograft survival (table I,

group 1 compared with group 2, p >0.01). Two cy¬
cles of absorption of ALS-W with CBA spleen cells
removed most of the anti-mouse activity. Treatment
of graft recipients with this serum produced graft
survival times which were significantly less than
with unabsorbed serum (table I, group 8 compared
with group 9, p <0.001) and which were not signifi¬
cantly different from untreated and normal mouse
serum treated control animals (table I, group 9 com¬

pared with group 1 and group 2, p >0.01 and p
>0.5 respectively). Thus in subsequent experiments
ALS treated recipients were given 0.1 ml doses i.p.
before and after skin grafting.

Effect ofALS and Donor-Specific Blood
Transfusion on Skin Allograft Survival
Although ALS treatment was effective in prolong¬

ing BALB/c to CBA skin grafts (table I, table VI,
group 3, MST = 24), a single DST at day -10 or multi¬
ple transfusions reduced skin graft survival in the
presence of ALS (table VI, groups 4, 5 and 7, signifi¬
cantly different from group 3, p < 0.001). DST in this
strain combination significantly reduced the immu¬
nosuppressive effects of ALS treatment and graft sur¬
vival was not prolonged compared with normal rab¬
bit serum treated animals (table VI, groups 4 and 5,
compared with group 2, p >0.01). However, ALS
given before and after DST, as well as before and af¬
ter skin grafting, prolonged grafts compared with re¬

cipients treated with DST alone (table VI, group 6
compared with group 7, p < 0.001) and ALS is in this
instance partially effective in overcoming the sensitis¬
ing effect of pregraft DST.
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Discussion

The link between DTH to alloantigens and allo¬
graft rejection has been known for some time [23].
Work by Loveland and McKenzie [1] and Dallman
and Mason [2] suggested that DTH and allograft re¬
jection were related responses, mediated in most in¬
stances by the class II restricted Lyl+ subset ofT cells.
Both responses were also suppressed by CsA [3, 4].
This study was undertaken to compare the effects of
CsA and ALS on these two aspects of the murine re¬

sponse to alloantigens.
Cells of the Lyl+ T cell subset mediate murine

DTH to alloantigens and the reactions are transfer¬
able, major histocompatibility (MHC)-restricted re¬

sponses to cell surface antigens coded by the H-2
complex [24, 25]. The Lyl+ T cells can induce skin
graft rejection when transferred into T cell deficient
mice [22] but their mode of action is controversial;
they may actively induce a specific immune response
and/or act indirectly to recruit cytotoxic Ly2+ T cells
and monocytes [22, 26, 27].

Recent studies have shown that CsA blocks the de¬

velopment of antigen-reactive (sensitised) T cells, by
blocking antigen-induced secretion of IL-2 and other
growth factors required for T cell activation [7-10], In
some studies, CsA could not block the action of T
cells already activated by antigen [5, 6, 13, 14]. The in
vivo DTH studies reported here show that both pri¬
mary and secondary DTH to alloantigens can be in¬
hibited by CsA. Others have reported CsA treatment
of second set rejection in rat renal allografts [16] and
cardiac allografts [17], and suppressor cells were pos¬
tulated but not identified as the suppressive mecha¬
nism in these studies. CsA-induced suppressor cells
have been identified in in vitro MLR reactions where
the cells were primed in vivo and tested in vitro [5, 6]
and in the adoptive transfer of suppression of anti¬
body production in experimental erythrocyte autoim¬
munity in vivo [28].

We have shown that DTH suppression can be in¬
duced by priming with either blood transfusions or
spleen cells injected in the presence ofCsA (table VII)
and this suggests that DST with concomitant CsA
treatment may improve allograft survival. Mouse skin
allografts were chosen as an appropriate model sys¬
tem, since studies of the T cell populations involved
in skin graft rejection have shown a link with cells me¬
diating DTH reactions [1,2]. CsA treatment alone was
found to increase skin graft survival, but not prolong

it indefinitely (table VIII). Pre- and postgraft treat¬
ments with high doses of CsA were required to in¬
crease graft survival, and the drug was most effective
in mouse strain combinations showing greater anti¬
genic disparity. In completely mismatched BALB/c
to CBA grafts, MST was increased from 9 to 19 days
while in F1 to CBA grafts, MST increased from 15 to
20 days.

McKenzie et al. [29] found that skin graft rejection
responses were strongest against I region antigens
combined with K or D region differences, and that
such H-2 differences invoked a stronger Lyl+ T cell
response. Recent monoclonal antibody studies have
also shown that T cell activation increased the expres¬
sion of I region-coded la antigens in the vascular en¬
dothelium of skin allografts and accelerated graft re¬
jection. Ia expression was blocked reversibly by CsA
treatment [30], Thus in skin graft rejection there are
two T cell effects potentially susceptible to CsA inhi¬
bition; the initial activation of H-2 reactive T cells and
the increased expression of Ia antigens on allograft
tissue due to lymphokines released by the activated T
cells. Rejection still occurred in both mismatched and
one-haplotype-related skin grafts in the presence of
continued CsA treatment. Since CsA is noncytotoxic
[4] this may reflect our failure to maintain suppressive
Jevels of CsA at all times. Alternatively, some cells
may escape CsA blockade in vivo, since a minority of
T cells in both helper and cytotoxic subsets are re¬

ported to be CsA-resistant in vitro [31].
In contrast to the transient exposure of a host to al-

loantigen during DTH induction, skin grafts allow
continuous exposure of the host to high doses of allo-
antigen. The graft bed and donor tissue are both rich
in Ia antigen presenting cells [32] and rejection in¬
volves microvascular damage and eventual epithelial
necrosis with damage to both host and donor tissue
[30, 32], More CsA was required to significantly in¬
crease skin graft survival than required to block
DTH, and if suppressor cells were induced they did
not prevent eventual graft rejection.

DST with or without immunosuppression reduced
graft survival compared with groups treated only with
immunosuppression (tables V, VI). Thus mice which
would not have responded to a DTH challenge (tables
III, IV, VII) could rapidly reject skin grafts (tables V,
VI). This occurred in both completely disparate and
one-haplotype-related donor-recipient combinations
(table V). Since ALS combined with DST has been re¬

ported to prolong mouse skin grafts in congenic
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donor-recipient strain combinations [19], we tried this
treatment in our mismatched skin graft model (table
VI). Although our ALS was very effective in increas¬
ing graft survival (table I) DST combined with ALS
reduced graft survival compared with groups treated
with ALS alone (table VI). ALS is known to induce a
non-specific immunosuppression which subsequently
allows the development of antigen-specific suppres¬
sion [33]. As with CsA, DST followed by the contin¬
ued presence of alloantigen in the skin graft overcame
any suppression induced by the ALS.

Skin grafts may be uniquely susceptible to sensitis¬
ing antigens, since DST has been shown to prolong
vascularised heart and kidney grafts in rats [16, 17]
and mice [34], and in the latter model suppressor cells
have been demonstrated [35], Thus DTH may corre¬
late more closely with graft rejection in these systems,
and we are currently investigating DTH responses in
a murine vascularised cardiac allograft model. The
data reported here support the hypothesis put for¬
ward by Terasaki [ 18], suggesting that transfusions al¬
ways sensitise, and subsequent immunosuppression
and exposure to alloantigens may either hypersensi-
tise the recipient or allow the development of effective
tolerance to specific alloantigens. With further study
ofmurine responses to alloantigens it should be possi¬
ble to define the conditions for reliable induction of

allospecific tolerance with no risk of sensitisation.
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This study and subsequent experiments showed that damage in the
form of fine perimyocytic fibrin occurs after only short periods of

ischaemia in both isografts and allografts and that this has to be taken

into account in assessing histological damage from rejection or toxic

effects of immunosuppressive agents.
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The effect of operative ischemia in murine
cardiac transplantation: Isograft control
studies
J. A. Smith, M.B., B.S., P. L. Mottram, Ph.D., A. Mirisklavos, B.Sc. (Hons),
A. Mason, Assoc. Dip. Appl. Biol., L. J. Dumble, Ph.D., and
G. J. A. Clunie, Ch.M. F.R.A.C.S., Parkville, Australia

Isograft studies were performed in the murine model of cardiac transplantation to
investigate the morphologic effects of operative ischemia. Primarily vascularized CBA
mouse hearts were grafted heterotopically into the recipient CBA mouse's abdomen
with standard microsurgical techniques. After ischemia times of 30 and 60 minutes,
histologic examination showed minimal myocardial damage, with necrosis or scarring
occupying less than 5% of the cross-sectional area of hearts bisected from apex to base
after grafts had been removed on the seventh day after transplantation. Maximal
ischemic damage was seen at 7 days after transplantation after 120 minutes of
ischemia, with more than 30% myocardial necrosis or scarring of myocardial tissue.
Isografts performed with ischemia times of less than 60 minutes were followed for more
than 100 days. All hearts showed a fine, generalized, perimyocytic fibrosis, which was
maximal at 28 days after transplantation and did not progress thereafter. These results
will serve as important control measures for future studies in this model because
ischemic damage must be considered in examining histologic samples from
long-surviving cardiac allografts maintained in immunosuppressed recipients.

From the Department of Surgery, Royal Melbourne Hospital, Parkville, Australia

Vascularized cardiac allografting in mice is a useful
model in which to study mechanisms of allograft
rejection. However, insufficient isograft control data
have impaired the interpretation of results. Early
reports of this model describe small numbers of iso¬
grafts and these were histologically normal.1,2 This
group represented an inadequate control with which to
compare the results of cardiac allografts. In the rat
model isografts with short ischemia times3"8 demon¬
strated early mononuclear cell infiltration in the epi-
cardium that was probably related to the intra-abdom¬
inal location of the graft. Areas of focal myocardial
infarction with surrounding fibrosis were observed, but
progressive destruction was not seen. Grafts performed
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with ischemia times of 4, 8, and 12 hours in rats
demonstrated marked myocardial fibrosis but showed
no functional or ultrastructural differences when com¬

pared with hearts transplanted with 30 minutes of
ischemia.9 In the murine model no cardiac function was

seen in grafts when the ischemia time was greater than
60 minutes regardless of the preservation solution
used.10 This report describes the results of studies
performed with cardiac isografts in mice to assess the
graft's response to operative ischemia and to monitor
graft performance over an extended period.

MATERIAL AND METHODS

Mice. CBA (H-2k) mice were obtained from the
Walter and Eliza Hall Institute of Medical Research,
Melbourne, Australia. Mice used were 6 to 8 weeks of
age and sex-matched within experiments.
Heart transplantation. The donor heart was trans¬

planted heterotopically into the recipient mouse's abdo¬
men according to the method described by Corry et
al.1,2 Briefly, the donor ascending aorta was anasto¬
mosed to the recipient abdominal aorta and the donor
pulmonary artery to the recipient inferior vena cava by
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Fig. 1. Normal myocardium. (Hematoxylin-eosin stain; original magnification X500.)

standard microsurgical techniques. Ischemia time was
defined as the interval from the division of the donor

ascending aorta to coronary reperfusion. There were
on average 2 to 3 minutes of warm ischemia and 45 to
55 minutes of cold ischemia for each graft. Before
cardiectomy the heart was perfused with 1 to 2 ml of a
cool (10° C) saline solution containing heparin (100
U/ml). When removed, the heart was placed in normal
saline solution at 10° C while the recipient was being
prepared. Grafts were monitored by daily palpation
and regular electrocardiograms.
Histologic examination. Hearts removed for histo¬

logic study were bisected from apex to base, fixed in
Bouin's solution for 90 minutes, and then placed in
70% alcohol. Paraffin sections were stained with hema¬

toxylin and eosin, Masson's trichrome, or Verhoeff van
Gieson stains. Abnormal myocardium, consisting of
areas of myocardial necrosis, scarring, and/or cellular
infiltration, was assessed as a percentage of the total
area of myocardium in a given section. Percentage of
normal plus percentage of abnormal myocardium
equaled 100%. All sections were coded and examined
independently by two technicians.
Statistical analysis. Comparisons were made with

the Kruskall-Wallis test. Results were considered sig¬
nificant below the 5% level.

RESULTS

Effect of varying ischemia times on graft histolo¬
gy. Isografts with ischemia times of 30, 60, 90, and 120
minutes were examined histologically 7 days after

Table I. Morphologic effect of various
ischemia times in CBA isografts 7 days after
transplantation

% Necrosis
Ischemia time % Myocardial or scarring

(min) necrosis or scarring (mean ± SD)
30 Nil, nil, <5, <5, <5 3 ± 2.5
60 Nil, <5, <5, <5, <5 4 ± 2

90 10, 20, 30, 30, 60 30 ± 17
120 30, 30, 40, 40, 60, 70 45 ± 15

transplantation. Strong and rapid contraction was
noted in all hearts during this period. Table I shows
the extent of myocardial necrosis or scarring at each
ischemia time. Minimal myocardial damage was seen
at ischemia times of 30 and 60 minutes at 7 days after
transplantation. Large areas of normal myocardium
(Fig. 1) were seen, but as much as 5% of some sections
was occupied by small foci of myocardial fibrosis, with
or without calcification (Fig. 2). After 90 and 120
minutes of ischemia, a significantly greater area of each
heart sectioned was occupied by necrosis or scarring
(p < 0.01) with 10% to 70% of the myocardium
affected at these times (Fig. 3). Pale, yellow-grey areas
of myocardial scarring were seen macroscopically in
these hearts. It was apparent from these results that
grafting should be performed with an ischemia time of
60 minutes or less to minimize ischemic myocardial
damage. However, no morphologic advantage was seen
with the 30-minute ischemia time.
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Fig. 2. Ischemic myocardial damage in CBA isograft (60-minute ischemia) shows focal areas of fibrosis and
calcification 7 days after transplantation. (Hematoxylin-eosin stain; original magnification XI25.)

Fig. 3. Severe myocardial fibrosis and calcification in CBA isograft (120-minute ischemia) 7 days after
transplantation. (Masson's trichrome stain; original magnification X125.)

Ongoing assessment of isografts transplanted
with an ischemia time less than 60 minutes. Grafts
were examined at 1, 7, 14, 21, 28, 60, and 100 days
after transplantation as an ongoing assessment of the
performance of murine hearts grafted with a short
ischemia time. At least five mice were examined at each
time point. The size of all grafts was reduced by 15% to
25% relative to the mouse's own heart on day 14 after

transplantation. After 100 days the hearts were 30% to
60% of their original size, but ventricular contraction
was always vigorous.
No heart examined histologically on or after 14 days

was completely normal. Lesions similar to those seen
on day 7 persisted, but a more generalized perimyocytic
fibrosis (Fig. 4) was seen. These fibrotic changes,
highlighted by Masson's trichrome stain, were also
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Fig. 4. Perimyocytic and perivascular fibrosis in CBA isograft (ischemia less than 60 minutes) 28 days after
transplantation. (Masson's trichrome stain; original magnification X300.)
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Fig. 5. Cardiac muscle fiber atrophy in CBA isograft (ischemia less than 60 minutes) 28 days after
transplantation. (Hematoxylin-eosin stain; original magnification X300.)

found around arterioles and venules. Muscle fiber

atrophy (Fig. 5) was often associated with areas of
fibrosis, but there was minimal or no surrounding
inflammatory cell reaction. Fibrosis was maximal at 28
days, occupying an average of 15% of each section.
Thus, despite grafting with a short ischemia time, some
myocardial damage occurs in this model.

DISCUSSION

The understanding of murine cardiac performance
in the heterotopic location has been hindered by
incomplete isograft control data. Isograft control
studies are required to assess the effects of immunosup¬
pression on allograft rejection and to evaluate methods
of detecting rejection.11
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These studies emphasize the importance of trans¬
planting the murine heart with an ischemia time of less
than 60 minutes, as a marked increase in ischemic
damage was seen at times greater than this. Good
immediate cardiac function was noted in all hearts

grafted with an ischemia time of 120 minutes and in
some hearts after 150 minutes (unpublished data).
Blanchard and Pollak10 were unable to successfully
transplant DBA/2J, C3H or BALB/c hearts when the
preservation time exceeded 60 minutes regardless of the
perfusion solution used. Although the best results were
obtained with normal saline perfusion and storage,
reasons for this discrepancy are unclear as the tech¬
niques used in both studies were similar. The CBA
heart may be less susceptible to ischemic damage than
that of other strains or, alternatively, small variations
in technique may account for the difference.
The results show that murine cardiac isografts were

not completely normal even with a short ischemia time.
These results are at variance with those of other
workers using the murine model1,2 but support the
findings of studies performed with the rat model.7,8
This discrepancy may be due to the small numbers of
murine isografts studied. We have found progressive
myocardial fibrosis in isografts during the first 28 days
after transplantation, after which time the lesion
remained unchanged. These previously unreported
changes have been detected with a spectrum of histolog¬
ic stains. Masson's trichrome stain is brilliantly col¬
ored, with the normal myocardium and abnormal
connective tissue being easily identified and quanti¬
fied.
The fibrotic changes seen in isografts are most likely

due to operative ischemia rather than some property of
the model itself, since the myofiber atrophy that occurs
with time is unlikely to cause significant fibrotic
change. It appears that murine myocardial tissue is not
totally resistant to this form of damage even with
relatively short ischemia times.
The significance of these control studies lies in the

comparisons that can be made with allografted hearts.
The murine model of cardiac transplantation is cur¬

rently being used in our laboratory to investigate
mechanisms of graft rejection and the effects of immu¬
nosuppression. In long-surviving cyclosporine-treated

allografts fibrotic changes similar to those seen in
long-term isografts have been observed.12 Such damage
is thus likely to be ischemic and not caused by chronic
rejection of the allograft. Results from these studies
may be of relevance to clinical cardiac transplanta¬
tion.

The assistance of Mr. Bill Kaegi and Ms. Elizabeth
Baranyi in preparing the histologic sections is gratefully
acknowledged by the authors.
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Cyclosporine A: Graft Survival and Cardiotoxicity in
Murine Cardiac Allografts

A. Mirisklavos, P.L. Mottram, J.A. Smith, A. Mason, L.J. Dumble, G.J.A. Clunie,
S. Panagiotopoulos, and W.G. Nayler

CYCLOSPORINE (CsA), an immuno¬suppressive agent that selectively inhib¬
its T cell function,1 has been effective in the
clinical and experimental treatment of allo¬
graft rejection and is widely used in clinical
transplantation.2 Side effects including neph¬
rotoxicity1 and perimyocytic fibrosis of donor
heart tissue3 are, however, associated with
CsA therapy. Severe myocardial calcification
has been observed in mice treated with high
doses of CsA,4 and in vitro studies of CsA-
treated rat hepatocytes have shown a dose-
dependent increase in the total cell calcium
content.5 In a recent study, we found that CsA
prolonged the survival of murine cardiac allo¬
grafts but the most effective immunosuppres¬
sive doses of CsA (100 mg/kg on alternate
days from day —8 to +12 with grafting on
day 0) produced severe myocardial calcifica¬
tion in both native and transplanted hearts.6
In the work reported here, we measured cal¬
cium deposition in the heart muscle and CsA
concentration in the blood of mice treated
with various doses of CsA to determine which
dose and treatment protocol produced the
cardiotoxic effects.

MATERIALS AND METHODS

Inbred BALB/c and CBA mice, 6 to 8 weeks old, were
obtained from the Walter and Eliza Hall Institute of
Medical Research, Melbourne, Australia. Animals were

given subcutaneous (SC) injections of CsA (Sandoz Ltd,
Basel, Switzerland) dissolved in medium-chain triglycer¬
ide oil (MCT; Mead Johnson Ltd, Melbourne) as
described previously.6 CsA was given as either a short
course on days 0, 4, and 6 or as a longer 20-day course
with a dose every second day from —8 to +12 relative to
grafting with allogeneic hearts on day 0.6 Tissue calcium
levels were assayed by atomic absorption spectrophotom¬
etry as previously described7 and were compared using
Student's t test with one-way analysis of variance. The
levels of CsA in heparinized whole blood samples were
measured using a Sandoz Ciclosporin RIA Kit. The assay
is based on the principles of competitive binding.

RESULTS

Tissue calcium levels in the hearts of mice
treated with the short course of 100 mg/kg
CsA were not significantly different from
those of untreated mice (group 1 compared
with group 2), but hearts from animals given
the long course of 100 mg/kg CsA had ten
times the normal calcium content (group 3
compared with group 1, P < .05). Mice receiv¬
ing half of this dose, 50 mg/kg, also showed
elevated tissue calcium levels that were signif¬
icantly different from negative controls
(group 4 compared with group 1, P < .05),
and a dose of 25 mg/kg over 20 days did not
significantly increase the calcium levels
(group 5 compared with group 1) although
individual mice receiving the 25-mg/kg dose
showed higher calcium levels, which led to a

greater SE in this group. This suggested that
prolonged treatment with the two higher doses
of CsA caused abnormal calcium deposition in
myocardial tissue that led to cell death with
consequent fibrosis and scarring. Microscopic
examination of hematoxylin-eosin-stained
sections of hearts from the 50 and 25 mg/kg
groups showed normal myocardium in the
latter group but small localized areas of calci¬
fication and scarring in the 50-mg/kg treat¬
ment group. The damage involved less than
10% of the total myocardium and was much
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Table 1. Tissue Calcium Levels in the Hearts of CsA-Treated Animals

CsA Tissue Ca:'
Treatment* Levels: Mean ± SE

Group CsA Dose (Days) (mmol/g Dry Weight) P Values

1 Nil Nil 8.15 ± 0.55

2 100 mg/kg 0, 4, 6 9.45 ± 0.87 NSDf
3 100 mg/kg - 8 to + 12

on alternate days

102.46 ± 16.98 <0.05t

4 50 mg/kg -8 to +12

on alternate days

26.91 ± 5.14 <0.05t

5 25 mg/kg -8 to +12

on alternate days

9.77 ± 4.60 NSDf

Abbreviation: NSD, not significantly different.
*CsA given SC in 0.05 mL MCT oil.
■{■Compared with group 1.

less than that previously reported in mice
treated with 100 mg/kg CsA over 20 days
where calcification of up to 30% of the myo¬
cardium was seen.6
Circulating blood levels of CsA were deter¬

mined for blood samples collected 24 hours
after CsA injection (Fig 1). CsA doses of 100
mg/kg over 20 days maintained blood levels of
>3,000 ng/mL over the last six days of treat¬
ment, with a reading of 5,236 ± 1,164 ng/mL
24 hours after the last injection. The highest
reading for the six-day treatment with 100
mg/kg CsA was 2,656 ± 1,162 ng/mL on day
7, so CsA accumulated when used at these
high doses. Treatment with 50 or 25 mg/kg
for 20 days gave much lower blood levels of
CsA 24 hours after completing the treatment
(1,829 ± 472 ng/mL and 856 ± 304 ng/mL
respectively), but the tissue calcium readings
and histology for the 50-mg/kg treatment
group showed that this dose also caused myo¬
cardial damage in 20 days (Table 1).

DISCUSSION

Although the longer course of 100 mg/kg
CsA was more effective in improving cardiac
allograft survival, severe cardiotoxicity asso¬
ciated with calcium deposition was observed
in both donor and recipient hearts of these
animals,6 and the results presented here show
that a long course of 50 mg/kg CsA also
causes myocardial damage. Prolonged allo¬
graft survival in other animal models has been

achieved with much lower doses of CsA,8 but
mice have a high therapeutic threshold for
CsA, and high doses are required for the
reliable induction of immunosuppression.9
Borland et al4 reported calcium deposition in
the hearts of mice receiving a similar high
dose of CsA (80 mg/kg per day for 14 days).
They described white, hard deposits of cal¬
cium precipitate associated with fibrosis and
scarring in the myocardium. The phenomenon
was restricted to certain strains of mice,
including CBA but not BALB/c. We have
recently reported calcification of recipient
CBA and long-surviving BALB/c donor
hearts in CBA recipients treated with the long
course of 100 mg/kg CsA.6 In the rat cardiac

♦ ♦ ♦♦♦♦ ♦♦♦♦♦

Days of CsA Administration (relative to grafting on day 0 )

Fig 1. Levels of CsA in whole blood of mice receiv¬
ing 100 mg/kg CsA on days 0 to 6, (•)» 100 mg/kg on
days —8 to +12 (■), 50 mg/kg from days —8 to +12
(□), or 25 mg/kg from days — 8 to + 12 (O). Arrows (})
indicate injection of CsA.
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allograft model8 where much lower doses of
CsA were used (8 mg/kg per day posttrans¬
plantation), the recipient hearts were normal,
but transplanted hearts at greater than 50
days postgraft showed diffuse perimyocytic
fibrosis. This phenomenon has also been
observed in the donor hearts of patients
receiving CsA.3 Although no evidence of
extensive calcification or compromised car¬
diac function due to CsA therapy has been
reported with low-dose CsA therapy, long-

term treatment may damage donor hearts or
the heart tissue of CsA-treated recipients of
other grafts such as kidney or liver. Monitor¬
ing of CsA blood levels will allow determina¬
tion of the level of CsA that is likely to cause

cardiotoxocity, and such measurements are
already used to avoid the other known toxic
effects of CsA.10 The results reported here
show the need for monitoring allograft recip¬
ients for cardiotoxicity during CsA treat¬
ment.
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These and subsequent experiments (37,42) were undertaken in

association with Professor ian McKenzie, who produced the monoclonal

antibodies, demonstrating that antibodies directed against both T4+ and

Ly2+ T cell subsets were more effective in controlling graft rejection

than either monoclonal antibody alone, a finding which may have clinical

implications in the use ofmonoclonal antibodies.



Prolongation of Murine Cardiac Allografts Following
Treatment of Graft Recipients With Monoclonal

Anti-L3T4 and Ly-2 Antibodies
P.L. Mottram, J. Wheelahan, A. Mirisklavos, G.J.A. Clunie, and I.F.C. McKenzie

Recent controversy about whichT cells are required for allograft rejec¬
tion13 has prompted a reexamination and
refinement of the mouse model systems avail¬
able for these studies. H-2 mutant mice have
been used to examine the in vivo effects of T
cell subset-specific monoclonal antibodies
(MABs) on the survival of skin grafts mis¬
matched for isolated class I or class II anti¬

gens4 and, with similar reagents, the effects of
purified T cell subsets on the rejection of
grafts bearing isolated class I incompatibili¬
ties have been examined.5 These studies
showed that Ly-2+ T cells were required for
the rejection of class I mismatched skin
grafts4,5 and that both T4+ and Ly-2+ T cells
are involved in the rejection of grafts bearing
disparate class II antigens.4 With these results
from skin grafts, it was considered that in vivo
treatment of recipients with T cell subset-
specific MAB prior to transplantation of a
H-2 mutant heart might increase the survival
of these heterotopic vascularized grafts, but
preliminary studies with untreated recipient
mice, in which single class I or class II mis¬
matches caused skin graft rejection, showed
that H-2 mutant heart grafts survived indefi¬
nitely with no treatment of the recipient.6
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MAB against T4+ or Ly-2+ T cell subsets
significantly improved heart graft survival in
a class I plus class II (whole H-2) mismatched
donor-recipient combination. Skin grafts with
such mismatches were rejected in MAB-
treated recipients.6 The present study gives
further insight into the effects of T cell subset-
specific MAB treatment on heart graft sur¬
vival in the H-2-mismatched B6.C-H-26 to

(CBA x B6)F1 donor-recipient combina¬
tion.

METHODS AND MATERIALS

Inbred mice of strains B6 C-H-2i, CBA/WEHI
(CBA), BALB/c nu/nu, C57BL/6 (B6) and
(CBA x B6)F1 were obtained from the Department of
Pathology, University of Melbourne, Australia. The
MAB HI29.19 (rat anti-L3T4)7 and 53.6-72 (rat anti-
Ly-2)8 were collected as ascites or serum from BALB/c
nu/nu mice in which the hybridoma was grown. MAB
anti-Ly-3.1 was used as a control serum since it does not
react with any of the strains of mice used. These antibod¬
ies were titrated and tested in vitro and in vivo as

described previously.6 Recipient animals were given 0.25
mL of MAB intraperitoneally (IP) on day —1, 0, +1,
and +3, with grafting on day 0, or treated with rabbit
anti-mouse antilymphocyte serum (ALS), prepared and
tested as previously described,' on day - 1 and +2. Skin
grafts were also performed as described previously.'
Heterotopic cardiac allografts were vascularized by anas¬
tomosis of the recipient abdominal aorta to the donor
ascending aorta and the recipient's inferior vena cava to
the donor pulmonary artery as already described.10 Heart
rejection time was defined as the day on which palpable
contractions and/or electrocardiogram (ECG) voltage
was undetectable and was confirmed by examination of
the histology of hearts removed at the time of rejection.
Long surviving hearts were removed for histology at 61
days postgraft. Longitudinal sections of the whole heart
were stained with hematoxylin and eosin or Masson's tri-
chrome stain and damaged areas of myocardium were
scored as a percentage of the total tissue in the section.
Areas of mononuclear infiltrate, fibrosis, and normal
myocardium were scored in this way.10 The sum of normal
tissue plus infiltrated tissue generally was 100%, since
infiltrate in areas of fibrosis was common, but not all

582 Transplantation Proceedings, Vol XIX, No 1 (February), 1987: pp 582-585
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infiltrated areas were fibrotic. Graft survival times for the
different treatment groups were compared using the
Mann-Whitney U-test.

RESULTS

Either MAB treatment alone significantly
prolonged heart graft survival, with 10 of 15
(66%) of the grafts suriviving at 60 days. The
combination of anti-L3T4 and Ly-2 was more
effective, with 6 of 7 (86%) of the heart grafts
surviving at 60 days. Untreated and control
animals rejected their grafts in <20 days.
Thus, survival of heart grafts in the MAB
treated groups was significantly better than in
the control groups (P < .01) (Fig 1 A). These
results contrast with those obtained for skin:

Ly2+ L3T4

10 20 BO 40 50 60 >60
DAYS

30 40
DAYS

50
-//-

60 >60

Fig 1. Effects of monoclonal antibody treatment on
the survival of B6-C-H-2d heart (A) or skin (B) grafts in
(CBA x B6)F1 recipients treated with anti-L3T4
(O O), anti-Ly-2 (□ □), anti-L3T4 plus anti-Ly-2
(X—X), an irrelevant serum (fl B), or left untreated
(• #). The percentage of graft survival for groups of
5 to 10 mice vtime were calculated from day 0, the day
of grafting.

grafts on recipients treated with MAB were
all rejected in <25 days in this donor-
recipient combination with no significant dif¬
ference (P > .05) between treated and control
groups (Fig l B).
An examination of graft histology from

groups treated with one MAB showed two
distinct patterns. In the first pattern, some

grafts from recipients treated with anti-L3T4
or anti-Ly-2 were rejected in 14 to 28 days
and, although there was less myocardial fibro¬
sis in these grafts (20% to 50% of the section
as compared with 50% to 80% in control
groups), there was mononuclear cell infiltra¬
tion throughout the myocardium (Table 1,
groups 3a and 4a). The rejection response in
treated animals was less vigorous, with a

delayed rejection time and less myocardial
damage than in the control groups. In the
second pattern, long-surviving grafts (>60
days) from the MAB-treated recipients had
confined areas of myocardial damage and
cellular infiltrate, indicating a limited chronic
rejection response (Table 1, groups 3b and
4b). With combined anti-L3T4 and Ly-2
MAB treatment, 86% of grafts survived indef¬
initely, and the histology of these grafts was
the same as for grafts from ALS-treated
animals, with small confined areas of infiltra¬
tion and fibrosis (Table 1, groups 5 and 6).
One graft in the combined MAB treatment
group ceased beating on day 22, but showed
no evidence of acute rejection. There was no

apparent reason for the early failure of this
graft.

DISCUSSION

This study shows that both T4+ and Ly-2+
T cell subsets are normally required for the
rejection of class I plus class II (H-2) mis¬
matched heart grafts. In vivo treatment of
graft recipients with MAB against either T
cell subset prolonged graft survival but did not
completely block the rejection response, since
grafts in these groups showed histological
evidence of chronic rejection. Treatment
directed against both T cell subsets was more
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Table 1. Survival Times and Histology of B6.C-H-2d Hearts Transplanted Into (CBAXB6)F1 Recipients

Group
No.

Recipient
Treatment

Survival Time

(days)
MST ± SD

(days)
Histology at the Time of Graft Rejection

or >60 Days Postgraft

1 None 10, 12, 12, 14, 17, 17, 18

10, 10, 12, 12, 13, 15, 19

a) 16, 19, 24, 28

b) >60, >60, >60, >60,
>60

aH 4

b) >60, >60, >60, >60,
>60

Anti-Ly-2 + L3T4 22, >60, >60, >60, >60,
>60, >60

Anti-Ly-3

Anti-L3T4

Anti-Ly-2

ALS >60, >60, >60, >60, >60,
>60

14 ± 4 Acute rejection: no normal myocardium,
mononuclear infiltrate throughout tis¬
sue (100%), extensive scarring (50%
to 80%) and vascular damage

15 ± 4 Acute rejection: no normal myocardium
damage as above

a) Rejection: no normal tissue, 100% in¬
filtrate, 20% to 50% scarring

51 ± 20 b) Chronic mild rejection: 60% to 80%
normal tissue, 20% to 40% infiltrate,
10% to 30% scarring

a) Rejection: no normal tissue, 100% in¬
filtrate, 30% scar tissue

52 ± 13 b) Chronic mild rejection: 50% to 70%
normal tissue, 30% to 50% infiltrate,
10% to 30% scarring

55 ± 9 Mild rejection: 80% to 90% normal tis¬
sue, 10% to 20% infiltrate, 10% to
20% scarring

>60 Mild rejection: 80% to 90% normal tis¬
sue, 10% to 20% infiltrate, 10% to

20% scarring

effective, giving graft survival times and his¬
tology comparable with that of grafts from
animals treated with a polyclonal antilympho-
cyte serum. In the skin graft model, the MAB
treatments described here did not prolong
allograft survival, presumably because the
stronger antigenic challenge from skin tissue"
induced proliferation of the remaining T cells
and subsequent graft rejection. For the less
immunogenic heart allografts, in which iso¬
lated class I or class II antigenic differences
did not induce graft rejection,6 MAB treat¬
ment which significantly reduced the numbers
of either T cell subset412 increased the survival
of H-2-mismatched heart grafts. This sup¬

ports other observations which showed that
L3T4+, Ly-2+ cells, and interleukin-2 (IL-2)
were required for acute rejection of rat car¬
diac allografts.
T cell subset-specific MABs may be useful

in the clinical treatment of graft rejection,
although our results suggest that a mixture of
MABs will be more effective than a single
agent. Clinical and preclinical trials of pan-T

cell and T cell-subset MABs support this
theory.14 Further study of the in vivo and in
vitro effects of these MABs will help to define
the role of T cell subsets in allograft rejection.
Although recent studies have shown that the
activation of separate T cell subsets is depen¬
dent on the antigens displayed by the graft3-5
and although it appears that Ly-2+, IL-2-
producing cells have a role in allograft rejec¬
tion,5 the functional roles of L3T4f and Ly-2+
T cells in destroying allografts are not yet
clearly defined.
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Murine Cardiac Allograft Survival Following Treatment
of Recipients With Monoclonal Anti-L3T4

or LY-2 Antibodies

P.L. Mottram, J. Wheelahan, I.F.C. McKenzie, and G.J.A. Clunie

RECENT INVESTIGATIONS into allo¬graft rejection have centered on the role
of class II-restricted T4, L3T4+ helper T cells
and class I-restricted T8, Ly-2+ cytotoxic T
cells.1'2 It now seems that the two subsets are

not functionally distinct but are defined by
recognition of class I or class II antigens.3 We
have studied the therapeutic effects of anti-
L3T4 and anti-Ly-2 antibodies on the sur¬
vival of allogeneic skin grafts in mice.4 In
donor-recipient combinations that varied at
specific regions within the H-2 locus, grafts
mismatched for class I antigens showed pro¬
longed survival in recipients treated with anti-
Ly-2 but not anti-L3T4. The survival of class
II-mismatched grafts was enhanced by both
anti-L3T4 and Ly-2 treatment, whereas class
I- plus class II-incompatible grafts and com¬
pletely allogeneic skin were not prolonged by
either monoclonal treatment. These results

suggested that the removal of T cell subsets
could improve allograft survival when donor-
recipient antigenic differences were well
defined. In testing this hypothesis in the
murine vascularized cardiac allograft model,
we found that isolated class I, class II, and
non-H-2 antigenic differences did not initiate
heart graft rejection. Donor-strain skin grafts
placed on mice with long-surviving heart
grafts were not rejected, and the rejection of
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primary skin grafts did not sensitize mice to
secondary heart grafts in these donor-recip¬
ient combinations. Primary and secondary
heart and skin grafts were rejected in class I-
plus class II-disparate donor-recipient pairs,
and either anti-L3T4 or anti-Ly-2 treatment
of the recipients prolonged the survival of
primary heart but not skin grafts in these
animals.

MATERIALS AND METHODS

Inbred male mice weighing 20 to 25 g were obtained
from the Department of Pathology, University of Mel¬
bourne, and were 8 to 10 weeks of age at the time of
grafting. Skin grafts were performed as previously
described.5 Cardiac allografts were performed by anasto¬
mosis of donor heart aorta to the recipient abdominal
aorta and donor pulmonary artery to the recipient's vena
cava as described previously.6 Heart function was moni¬
tored by daily palpation and weekly ECG, and rejection
was confirmed by examination of tissue sections from
hearts removed after cessation of palpable contractions
and/or a dramatic reduction in ECG voltage. Longitudi¬
nal sections of whole hearts were stained with hematoxy¬
lin and eosin or Masson's trichrome stain and examined
with low-powered (lOx magnification) light microscopy
for areas of myocardial fibrosis and scarring, which were
then scored as a percentage of the total myocardium in
the section. Under higher power (40 to lOOx), cellular
infiltrate, vascular damage, and other abnormalities were
noted and percent scores for areas of infiltrate and normal
myocardium recorded. The survival of grafts in different
groups was compared by using a chi-square test with the
Monte Carlo correction to allow for grafts that survived
indefinitely. Recipient animals were treated with 0.25 mL
of antibody given intraperitoneally on days —1, 0, +1,
and +3, with grafting on day 0. Rat antimouse exogeneic
monoclonal antibodies against L3T4 and Ly-2 were pro¬
duced by the hybridoma cell lines H129.197 and 53-6-72*
respectively. These were grown in BALB/c nu/nu mice
and ascites, or serum was diluted in phosphate-buffered
saline to give a final antibody titer of 1:10,000 as deter¬
mined by the resetting method.9 Mouse antimouse mono-
clonals against Ly-3.1 or Ly-2.1 were used as control
antibodies since these antigens are not expressed by the

2898 Transplantation Proceedings, Vol XIX, No 2 (April), 1987: pp 2898-2901
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strains of mice used in these experiments. The Ly-3.1
reagent was used for (CBAxC57BL/6)F, recipients and
the anti-Ly-2.1 for C57BL/6 recipients.

RESULTS

Since monoclonal treatment effectively
prolonged the survival of skin grafts bearing
incompatibilities within the major histocom¬
patibility complex (H-2) heart grafts bearing
the same genetic differences were studied.
Donor hearts mismatched for specific class I,
class II, or non-H-2 antigens survived indefi¬
nitely (Table 1, groups 1, 2, and 3). Although
skin grafts in these strain combinations
showed first- and second-set rejection re¬

sponses (second grafts were given 30 days
after first grafts), heart graft recipients given
donor-strain skin grafts 100 days after the
heart graft did not reject either skin or heart.
Control animals age matched with the heart
graft recipients rejected primary skin grafts in
the normal time of 20 days. Primary skin
grafts did not sensitize for subsequent heart
grafts given 30 days after the skin graft.
Donor-recipient combinations mismatched

for both class I and class II antigens or for H-2
plus non-H-2 showed first- and second-set
responses to both skin and heart grafts (Table

1, groups 4 and 5). Thus the class I plus class
II-mismatched donor-recipient combination
was chosen for studying the effects of mono¬
clonal anti-T cell subset reagents on heart
graft survival.
Treatment of graft recipients with anti-

L3T4 caused indefinite survival (>60 days) of
five of nine grafts compared with no long-
surviving grafts in the control groups (Table
2, group 3). Treatment with anti-Ly-2 caused
indefinite survival of five out of six allografts
(Table 2, group 4). Histology of the grafts
showed that untreated animals and those
treated with control antibodies had no normal

myocardial tissue; large areas of fibrosis and
scarring, vascular obstruction, and a mononu¬
clear cell infiltrate were seen throughout the
myocardium. The anti-L3T4 and anti-Ly-
2-treated groups (3 and 4) showed two dis¬
tinct histological patterns: (1) those grafts
that were rejected between 14 and 28 days
had less fibrosis and infiltrate than untreated

controls; 50% to 80% of the myocardium was

damaged. (2) Recipients with long-surviving
grafts (>60 days) showed localized areas of
scarring and infiltrate (20% to 50%) and large
areas of normal myocardium (50% to 80%).
The extent ofmyocardial damage in the group

Table 1. Primary and Secondary Allograft Survival in (CBA x C57BL/6)F., and C57BL/6 Recipients

Antigenic
Difference 1st MST ± SD* 2nd MST ± SD*

Group (Donor Strain) Graft (d) Graft (d)

1 Class I Skin 22 ± 5 Heart >100

(B6.C-H-20m') Heart >100 Skin >100

Skin 20 ± 1 Skin 8.5

2 Class II Skin 19 ± 4 Heart >100

(B6.C-W-2tvnl2) Heart >100 Skin >100

Skin 17 ± 3 Skin 8.5

3 non-H-2 Skin 19 ± 2 Heart >100

(BALB/c-H-2k) Heart >100 Skin >100

Skin 18 ± 3 Skin 8.5

3 Class I -1- class II Skin 12 ± 2 Heart 7 ± 2

(B6.C-H-2d) Heart 14 ± 3 Skin 8.5

Skin 12 ± 2 Skin 8.5

5 H-2 + non-H-2 Skin 10 ± 1 Heart 8 ± 2

(BALB/c) Heart +iCM Skin 8.5

Skin 10 ± 1 Skin 8.5

*MST ± SD is mean survival time ± SD, with at least five mice in each group.
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Table 2. Survival of Skin or Heart Grafts in C57BL/6 or (CBA x C57BL/61F, Recipients Treated With Monoclonal
Antibodies and Given Class I- Plus Class ll-Mismatched B6.C-H-2d Allografts

Group
Recipient
Treatment

Graft

Tissue
Survival Times

(d)
MST ± SD

(d)

1 None Skin 11,13,14,14,15,17,21,23
Heart 10, 12, 12, 14, 17, 17, 18

2 Control antibody Skin 14, 15, 16, 19
Heart 10, 10, 12, 12, 13, 15, 19

3 Anti-L3T4 Skin 13, 13, 18, 18, 20, 20, 20, 23
Heart 16, 19, 24, 28, >60, >60, >60, >60, >60

4 Anti-Ly-2 Skin 13, 13, 13, 14, 14, 15
Heart 14, >60, >60, >70, >70, >70

17 ± 6

14 + 4

16 + 2

15 + 4

18 + 5

51 ± 20

14 ± 1

60 ± 10

with long-surviving grafts suggested a chronic
rejection response. Thus, histological exami¬
nation of monoclonal-treated grafts showed
that anti-L3T4 or Ly-2 antibody alone did not
completely inhibit the rejection response.

DISCUSSION

These studies show that both L3T4+ and

Ly-2+ T cell subsets are involved in the nor¬
mal rejection response to cardiac allografts
expressing class I and class II incompatibili¬
ties. A short course of anti-T cell therapy
directed against either subset prolongs the
survival of heart but not of skin grafts bearing
the same antigenic differences. In the skin
graft model, indefinite survival of allografts
expressing only class II differences was
achieved in recipients given prolonged treat¬
ment with anti-L3T4 or a combination of

anti-Ly-2 and -L3T4.4
Others have studied the role of class I- and

class II-restricted T cell subsets in allograft
rejection by either treating recipients with
subset-specific monoclonal antibodies to re¬
duce the numbers of circulating T cells or by
transfer of depleted populations of T cells to
immunosuppressed graft recipients.1,210 Cob-
bold et al10 treated H-2-mismatched murine
skin graft recipients to reduce L3T4+ or Ly-
2+ T cell populations and found that L3T4+
cells mediated first-set rejection whereas Ly-
2+ cells played a major role in secondary
responses. However, both T cell subsets were

required for rejection of first- and second-set

grafts to occur at the normal rate." Although
Loveland and McKenzie1 showed that class
II-restricted T helper cells (Ly-l+2~) were
necessary and sufficient to initiate skin graft
rejection, such cells can also allow the induc¬
tion of class I-restricted T cells capable of
mediated graft rejection.2 In the rat heart
allograft model Heidecke et al12 showed that
rejection of H-2-mismatched vascularized
grafts required both T cell subsets and the
lymphokine interleukin 2. In the clinical situa¬
tion, with vascularized allografts displaying
multiple antigenic differences, pan-T reagents
such as OKT3 have proved more effective in
combating rejection than the T cell subset-
specific reagents OKT4 and OKT8.13'14 Our
data suggest that the latter reagents may have
a role in prolonging the survival of grafts with
known class I- or class II-restricted incom¬

patibilities.
This study also emphasizes that reagents

that prolong the survival of one type of graft
may be ineffective for other tissues bearing
the same antigens since anti-L3T4 and anti-
Ly-2 prolonged H-2-incompatible heart
grafts but not skin grafts. Previous studies of
vascularized and nonvascularized allografts in
rodents suggest that vascularized grafts sur¬
vive longer and are more easily prolonged than
skin grafts.15 It should be noted that the host
reaction to skin grafts may not be due to
responses to skin-specific antigens since heart
muscle placed in an epidermal site as a non¬
vascularized graft is rejected at the same rate
as skin grafts from the same donor.16 In this
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study H-2-congeneic strains of mice were
used, which excludes the possibility of non-
H-2 skin-specific antigens initiating graft
rejection. Further study of L3T4+ and Ly2+ T
cell subsets may show why the site of grafting
and mode of vascularization influence host

responses to a particular donor antigen. Thus,
at present the answer to the question "Which
T cells cause allograft rejection?" depends on
the tissue grafted, the dose and time of host
exposure to foreign antigen, and the class of
antigen recognized by host T cells.17
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Isograft and Allograft Control Studies
for Murine Cardiac Transplantation

J.A. Smith, P.L. Mottram, A. Mirisklavos, A. Mason, L.J. Dumble, and G.J.A. Clunie

HETEROTOPIC vascularized heartgrafts in rodents have provided valu¬
able model systems for the study of allograft
rejection.1"3 Despite early reports that long-
surviving murine cardiac isografts were histo¬
logically normal,1'3 our recent studies have
shown that isografts which were undamaged
at seven days postgraft developed a fine, gen¬
eralized, perimyocytic fibrosis which is maxi¬
mal at about 28 days postgraft.4 Such damage
must be considered when assessing the effects
of immunosuppression on cardiac allograft
survival. The work reported here was carried
out to assess the component of ischaemic
damage in cardiac allograft rejection re¬

sponses and to compare the changes which
occurred in long-surviving isografts and in
long-term allografts maintained in immuno-
suppressed recipients.

MATERIALS AND METHODS

CBA and BALB/c mice were obtained from the Wal¬
ter and Eliza Hall Institute of Medical Research, Austra¬
lia, were 8 to 10 weeks old at the time of grafting and were
sex-matched within experiments. Hearts were trans¬
planted heterotopically by anastomosis of the donor heart
ascending aorta to the recipient abdominal aorta and the
donor pulmonary artery to the recipient's vena cava, as
described previously.1,3 Ischaemia time was defined as the
interval from division of the donor ascending aorta to
coronary reperfusion. Heart function was monitored by
daily palpation and regular ECGs, which were measured
using a Siemens Cardiostat 1 ECG recorder (Siemens-
Elema AB, Solna, Sweden) with the filter on, sensitivity
set at 4 cm/millivolt and the paper speed at 50 mm/
second. The amplitude of the ventricular complex was
measured in arbitrary units: 1 unit equalled 1 mm on the
recording paper and 40 units equalled 1 millivolt. The
"voltage" was the sum of arbitrary units of the ventricular
complex from leads 1, avF and V, representing the use of
a three dimensional XYZ vector system.
Recipients of allografts were treated with Cyclosporine

A (CsA) 100 mg/kg injected subcutaneously (SC) on
says 0, 4, and 6 postgraft, or rabbit antimouse antilym-
phocyte serum (ALS) given on days -1 and +2 with
grafting on day 0. Both treatments have been described
previously.5

RESULTS

Isografts
CBA isografts with ischaemia times of 30,

60, 90, or 120 minutes showed significant
differences in ECG voltages on days 1 a d 7
postgraft. Both time-points (Table 1, groups 1
to 4) showed mean ECG voltages after 90 and
120 minute ischaemia times to be significantly
lower than the voltages after 30 and 60 minute
ischaemia times (/* < .01). Grafts with
ischaemia times of less than 60 minues
showed a progressive drop in ECG voltage
when monitored for more than 60 days (Fig
1). The ECG voltage fell gradually over the
first 30 days, then remained fairly constant
(10 to 13 arbitrary units) after that time.
Such grafts often showed no change in palpa¬
ble contractions during 60 days.

Allografts
When BALB/c (H-2d) hearts were trans¬

planted into CBA (H-2k) recipients (isch¬
aemia <60 minutes), untreated control ani¬
mals rejected the graft in about ten days
(Table 1, group 6). A rapid fall in voltage of
the ventricular complex was observed at six to
nine days postgraft, with complete cessation
of electrical activity one to three days later
(Fig. 1). Allografts in CsA treated recipients
showed a great range of survival times (Table
1, group 7) and had two distinct patterns of
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Table 1. Isograft and Allograft ECG Voltages and Survival Times

ECG Voltage*
(M ± SD)

Group Donor Recipient (min) Immunosuppression Day 1 Day 7 Survival (d) (M ± SD)

1 CBA CBA 30 None 39 ± 10 27 + 8 Sacrificed at seven days for
2 CBA CBA 60 None 21+3 20 + 3 histological studies
3 CBA CBA 90 None 15 ± 8 13 ± 8

4 CBA CBA 120 None 17 + 8 14 ± 5

5 CBA CBA <60 None 20 ± 7 17 ± 9 >60, >60, >60, >60, >60 Indefinite

6 BALB/c CBA <60 None NDf 18 ± 8 8, 10, 10, 11,11, 12 10.3 ± 1.2

7 BALB/c CBA <60 CsA 100 mg/kg
on days 0, 4, 6

ND 28 ± 7 8, 9, 10, 10, 10, 1 1, 13, 14,
18, 20, 35, 50, >60,
>60, >60, >60, >60

28.6 ± 22.1

8 BALB/c CBA <60 ALS 0.1 ml on

days — 1, + 2

ND 16 ± 1 >60, >60, >60, >60, >60,
>60

Indefinite

•Sum of leads I, avF and "V,," expressed in arbitrary units.
-fND, not done.

ECG voltage modification. Grafts which were
rejected in less than 20 days (59% of grafts)
had an initial high voltage and a rapid voltage
drop one to four days prior to cessation of
electrical activity. This pattern was similar to

that of untreated allografts; thus rejection
responses began as soon as CsA treatment
ceased on day 6 and proceeded at the normal
rate. Grafts which survived for more than 20

days (41% of grafts) had lower initial voltages

X Isograft (CBA-CBA)

Allografts

• untreated

0 CsA (rejected)

1 CsA (long survivor)

□ ALS

tO 15 20 25 30 35 40 45 50 55 60

Paus Post Transplant

Voltage (Arbitraru Units)
50

Fig 1. ECG voltage sum of the ventricular complex leads in arbitrary units. The grafts were isografts (X)
untreated allografts (•) or allografts treated with CsA (O) prior to rejection, CsA, which survived long-term (■) or
ALS(D).
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and most survived for >60 days with final
voltage levels similar to isografts. The ALS
treated allografts all survived indefinitely
(>60 days) and at 60 days showed ECG
voltages similar to isograft controls. Grafts in
long-surviving ALS and CsA treated animals
showed a more rapid initial drop in ECG
voltage than did isograft controls. Rejected
allografts in untreated controls and CsA
treated animals showed higher initial voltage
readings, probably due to swelling of the heart
and the inflammation occurring in acute
rejection.

DISCUSSION

In a previous study of isograft histology, we
showed that isografts with ischaemia times of
<60 minutes had less than 5% myocardial
necrosis and scarring, while ischaemia times
of 90 and 120 minutes produced areas of
necrosis and scarring of 30% and 45%, respec¬
tively, in heart histological sections.4 This
study shows that ECG voltages for the 90 and
120 minute ischaemia groups reflect the myo¬
cardial damage and are significantly lower
than those of the 30 and 60 minutes ischaemia

groups (/><.01). Good immediate function
was seen in all hearts grafted with an
ischaemia time of 120 minutes or less and for
all of the isografts there was no detectable
change in palpation of the graft over seven

days. Thus ECG readings combined with his¬
tology gave an accurate measure of ischaemic
damage in isografts while palpation was not
useful for detecting this damage.
Isografts with ischaemia times of <60 min¬

utes showed a gradual fall in voltage over the
first 28 days postgraft. This fall was asso¬
ciated with cardiac atrophy; grafts were often
half their original size by day 60, and a fine,
generalized perimyocytic fibrosis was seen in
all hearts after 14 days. The fibrosis was
maximal at 28 days postgraft, could occupy
up to 15% of the myocardium and occurred in
all heart grafts, regardless of the ischaemia
time.4 Similar findings of myocardial fibrosis

occurring in rat hearts subjected to ischaemia
times ranging from 30 minutes to 12 hours
have been reported.6 Thus both rat and mouse
myocardial tissue is susceptible to ischaemic
damage, even with relatively short ischaemia
times and this must be considered when allo¬

graft studies are undertaken.
For the allograft studies described here,

initial ECGs were done on day 3, when histo¬
logical changes specific for rejection were not
yet present.7 At the time of rapid voltage fall
(days 7 to 9 in untreated controls) there was
an infiltrate of mononuclear cells occupying
up to 90% of the myocardium, with 30% to
50% of each heart section necrotic and
scarred.8 Grafts in recipients treated with
CsA suffered either a delayed acute rejection
response, or chronic rejection with mild infil¬
tration, scarring and necrosis occurring before
damage was seen in histological sections of
isografts.4'8 ALS treated grafts all showed
signs of mild chronic rejection, with confined
areas of mononuclear cell infiltrate and necro¬

sis.9 Long-term grafts in both CsA and ALS
treated groups showed the characteristic peri¬
myocytic fibrosis seen in isografts.8'9 Thus, in
both allograft and isograft studies, the ECG
voltage correlates with histological damage
occurring either due to ischaemia and/or
rejection responses, and ECG changes occur
before palpation decreases. These results
agree with previous' reported studies carried
out in the rat6,7,10' and suggest that ECG
readings should be used in conjunction with
palpation to monitor cardiac transplants in
the mouse.
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A COMPARISON OF CYCLOSPORINE, DONOR-SPECIFIC TRANSFUSION, AND ANTILYMPHOCYTE SERUM
SUPPRESSION OF SKIN, HEART, AND FETAL PANCREATIC ISLET ALLOGRAFT REJECTION IN MICE'

Although organ culture of fetal islet allografts improves graft
survival in many donor-recipient strain combinations in the
mouse (1), in other strain combinations cultured allografts are
invariably rejected (2) Further treatment of the donor tissue
to reduce its immunogenicity {3-6) usually causes loss of tissue
viability. Since graft tissue is scarce for clinical transplantation,
immunosuppression of the recipient combined with organ cul¬
ture of the graft tissue may be a better way of avoiding graft
rejection. In this study we tested three immunosuppressive
treatments known to prolong allograft survival in mice (7-9)
for their ability to maintain cultured (10% CO* in air) mouse
fetal pancreas grafts in a donor-recipient combination where
such grafts are normally rejected. We compared these results
with the effects of these immunosuppressants on skin and heart
allograft survival in the same strain combination.
CBA (H-2k) donor and C.iH/He (H-2k) recipient mice were

bred at the Walter and Eliza Hall Institute ofMedical Research,
Parkville, Australia. This strain combination is mismatched at
the Mis and Epa-1 (2, 10) loci. Skin grafts were performed
using a previously published method (7) with donor tail skin
grafted onto the flank of recipient mice. Heterotopic heart
allografts were carried out as described previously (8, 9) with
donor hearts vascularized by anastomosis to recipient vessels
in the abdominal cavity. Heart function was monitored by
palpation and electrocardiograph (ECG)* readings. Mice for
pancreas grafting were given an i.v. injection of streptozotocin
(STZ, Calbiochem) at 250-300 mg/kg body wt. and most be¬
came diabetic with elevated nonfasting blood glucose (BG)
levels of >13 mmol/L at 2-3 weeks after STZ treatment.
Pancreases from CBA mice were taken at 17 days gestation,
divided into four pieces, and placed in organ culture (10% CO.,
in air at 37'C) for 14 days (1-3). One piece of pancreas was
then placed under the left kidney capsule of a diabetic recipient,
and BG levels were monitored for 16 weeks postgrafting, when
the grafts were removed by left nephrectomy and BG levels
measured for a further 4 weeks. Recipient animals were either
untreated or given cyclosporine (CsA), donor-specific transfu¬
sion (DST), or antilymphocyte serum (ALS). CsA (Sandoz Ltd,
Basel, Switzerland) dissolved in medium-chain triglycerice oil
(Mead Johnson, Australia) was given at 100 mg/kg body wt.
s.c. on days 0, 4, and 6, with grafting on day 0. ALS, prepared
as described previously (7), was given i.p. on days -1 and +2,

1 This work was supported by the National Health and Medical
Research Council of Australia. The Victor Hurley Medical Research
fund, and the University of Melbourne Medical Research Committee,
Melbourne, Australia.
Abbreviations used: ALS, antilymphocyte serum; BG, blood glucose;

CsA, cyclosporine; DST, donor-specific transfusion; ECG, electrocar¬
diograph; MST, mean survival time; STZ, steptozotocin.

and fresh heparinized whole donor blood (0.1 ml) was given i.v.
7 days prior to grafting (7).
Isograft studies (Fig. 1) showed that unsuppressed controls

and CsA treated animals became euglycemic 4 weeks after
receiving an islet transplant. After the graft was removed by
nephrectomy at 16 weeks postgrafting, both CsA-treated and
unsuppressed animals returned to a hyperglycemic state. With
CBA-to-C:,H/He allografts (Fig. 2) none of the unsuppressed
DST- or CsA-treated mice became euglycemic in the 16-20
weeks postgraft (Fig. 2 B, C, D). However, ALS-treated mice
given allografts became euglycemic 8-10 weeks after islet trans¬
plantation and maintained this state until the graft was re¬
moved at 20 weeks, when they returned to hyperglycemia (Fig.
2A).
In comparing fetal pancreas graft survival with the effects of

immunosuppression on skin and heart allograft survival, all
three treatments (DST, CsA, and ALS) were less effective with
skin grafts and more effective with heart grafts (Table 1). All
skin grafts were rejected in <40 days, and DST decreased skin
graft mean survival time (MST) from 11 to 9 days (P>0.10)
while CsA (MST 14 days) and ALS (MST 30 days) both
significantly increased graft survival time (P<0.01 compared
with unsuppressed recipients), with ALS being more effective
than CsA. In the heart graft model, many allografts survived
indefinitely in DST- or CsA-treated mice, but only ALS caused
indefinite graft survival (>100 days) in 100% of recipients. In
the fetal pancreas model, neither DST nor CsA promoted
indefinite graft survival in any recipients (0/5), while ALS
produced this effect in 5/5 recipients (Fig. 2). Cultured fetal
pancreas is less immunogenic than skin allografts, which carry
many major histocompatibility complex class II antigen-bear¬
ing cells likely to stimulate immune responses (11). Heart tissue
is probably less immunogenic than pancreas or skin due to its
relative lack of antigen presenting, class-II.—positive cells (12).
ALS has been highly effective in promoting indefinite allo¬

graft and xenograft survival of freshly isolated (13) and cul¬
tured rat islet grafts (14), while DST of platelets lias been
reported to prolong islet allograft survival in some strain com¬
binations of mice, but no indefinite graft survival was seen
(15). In rats DST of the recipient combined with 7 days
conventional organ culture of the islet allografts produced 50%
indefinite graft survival in one strain combination (16) but was
much less effective than ALS and no synergy was observed
when DST and ALS treatments were combined (13, 17). In the
skin and heart allograft models, the DST effect depends on the
donor-recipient combination (18, 19). Clinically, DST effects
may be less important when combinations of immunosuppres¬
sive drugs are used to combat rejection (20). However one such
drug, CsA, may have limited usefulness in islet cell transplan¬
tation because of its toxic effects (21-24).
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Table 1. Survival of CBA akin or heart allograft* in C3H/He recipient mice '

Orafted
tissue

Group
No. Immunosuppression Survival times (days)

Mean survival
(MST±SE)

P values

Skin 1 None
.

9, 9, 10, 11, 11, 12, 13 . 10.7±0.6 •

. s" 2 . CBA blood, 0.1 ml,
day -7

9, 9, 9, 10, 10 9.4±0.2 . >0.1*

3 CsA, 100 mg/kg
days 0, 4,6

12, 12, 14, 14, 14, 15, 16,16 14.2±0.5 <0.01

4 ALS. 0.1 ml l.p.
days -1 and +2

24,24,27, 30,31,34,36,38 30.4±1.8
'

<0.001

Heart 5 None 30, 34, 37, 44, 47, 47, 61 42.8±4.6
• 6 CBA blood 0.1 ml

day -7
- 20, 66, >L00, >100, >100,

>100
67.8±10.8 <0.05'

7 CsA, 100 mg/kg
days 0, 4, 6

42, 44,64,67, >100, >100,
>100

72.4±12.5 <0.05'

8 ALS, 0.1 ml i.p. >100, >100, >100, >100, >100 >100 <0.01'
day* -1 and +2

* Compared with group 1, Mann-Whitney U te*t.
• Compared with group 6, Mann-Whitney U t**t.

BG

' The in vivo effects of CsA on pancreatic tissue depend on
the dosage, time, and means of administration, as well as on
the site of transplantation. In rats, islet grafts With reduced
immunogenicity, (e.g., hand-picked, clean islet preparations
[25] or low-temperature cultured tissue (21)) showed a further
improvement of survival in recipients treated with 30 mg/kg
CsA for 3 days. A short course of CsA alone did not produce
indefinite xenograft or allograft survival in rats and mice (21,
22), and longer courses (3 weeks) of CsA caused toxic destruc¬
tion of islet tissue in both species (23, 24) at doses of 15-50
mg/kg/day. Thus animals treated with long courses of CsA to
prevent allograft rejection suffered beta cell destruction caused
by CsA toxicity.
In summary, treatment of fetafparycreas islet allograft recip¬

ients with CsA and DST, agents^thafi prolong heart allograft
survival in the CBA-to-C3H/He strain combination, was not
effective in preventing the rejection of the pancreatic tissue.
Studies with isografts showed that CsA was not toxic in vivo
to pancreatic tissue at the doses used in this study. The most
effective agent for prolonging the survival of grafted pancreatic
tissue was ALS, and treatment of recipients with this agent,
combined with manipulation of the donor tissue to reduce
immunogenicity, has consistently produced indefinite survival

30
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Figure 1. CBA-to-CBA isograft* In STZ-treated (week 0) diabetic
recipients that were untreated (•) or given CsA s.c. 100 mg/kg on days
0, 4, 6 with postgraft (A). (BG) blood glucose ImM/L); (G) time of
grafting; (N) time Of nephrectomy.

Figure 2. CBA-to-C3H/He allografts In STZ-treated (week 0) di¬
abetic recipient* treated during week 4 with ALS on days -1 and 42,
with grafting on day 0 (A), DST on day -7 pregrafting (B) CsA i.t
100 mg/kg days 0, 4, and 6 postgraftlng (C) or without treatment (D).
(BG) blood glucose (mM/L); (G) time of grafting; (N) time of nephrec¬
tomy.

Weeks Weeks

Weeks

of pancreatic, islet allografts In this and other studies (13,14),
The clinical and experimental'usefulness of ALS is limited by
variability in batches of this polyclonal agent, but in future the
use of monoclonal antilymphocytic reagents may be the most
effective way of immunosuppressing islet allograft recipients
without undue loss of graft tissue by manipulation to reduce
antigenicity.
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Summary The systemic effect of ultraviolet (UV) irradiation on delayed type hypersensitivity
(DTH), contact hypersensitivity (CHS) and allograft rejection was investigated in BALB/c mice which
had been exposed to a single 1 h treatment with UV radiation (27 kJ/m2) from FS40 sunlamps (60%
UVB). After UV irradiation (3-5 days), mice were treated on an unirradiated site with either a
subcutaneous injection of allogeneic spleen cells or a topical application of the contact sensitizer
oxazolone (OX). The DTH response to allogeneic cells and the CHS response to OX elicited 6 days
after immunization were significantly lower in UV-treated mice than in normal mice. Spleen cells from
these animals were transferred intravenously into X-irradiated (600R) recipients which were
immediately challenged with antigen and the DTH or CHS response elicited was determined 24 h
later. Recipients of equal numbers of cells from sensitized and normal animals (6X 106 from each
donor) exhibited positive DTH or CHS responses to the antigen used to sensitize the donor. In
contrast, recipients of equal numbers of cells from animals sensitized and UV suppressed to the same
antigen showed a suppressed DTH or CHS response. This suppression was antigen-specific. Treatment
of cells from UV suppressed animals, prior to transfer, with complement and cytotoxic anti-Lyt 2 or
anti-Thy 1 -2 monoclonal antibodies abrogated the suppressive ability of these cells, in contrast to
cytotoxic treatment with anti-L3T4 or anti-Lyt 1 monoclonal antibodies which had no significant
effect. The suppressor cells therefore had the phenotype Thy I-2 + , Lyt 2 + , L3T4", Lyt 1~. In a
separate series of experiments BALB/c mice, either untreated or given 1 h ofUV irradiation 3-5 days
previously, were given a heart or skin allograft from a C3H/He donor. The primarily vascularized
cardiac allografts survived significantly longer in UV-irradiated than in normal recipients (median
survival time 13 days vs 10 days, P= 0-035), but the survival of C3H/He skin allografts was unaltered
in UV mice. No identification of suppressor populations was carried out in the heart allograft
recipients. These experiments provide the basis for investigations of the possible role of UV-induced
antigen-specific suppressor cells in modulating responses to alloantigens.

INTRODUCTION

Irradiation of mice with ultraviolet B radi¬
ation (UVB, 280 — 320 nm) systemically
suppresses contact hypersensitivity (CHS)
reactions (1,2) and delayed type hypersen¬
sitivity (DTH) reactions (1,3-5) to a variety

♦Present address: Department of Dermatology,
George Washington University Medical Center, Ross
Hall, Room 124, 2300 Eye Street, NW, Washington,
D C., USA.
Abbreviations used in this paper: UV, ultraviolet

light; DTH, delayed type hypersensitivity; OX, oxazo¬
lone; CHS, contact hypersensitivity; PBS, phosphate-
buffered saline; FCS, fetal calf serum; MLR. mixed
lymphocyte response.

of antigens and also suppresses the rejec¬
tion of transplanted, highly antigenic,
syngeneic UV-induced tumours (6). In each
case antigen-specific suppressor T cells
were generated by administration of
antigen to a previously UV-irradiated ani¬
mal. UV irradiation had, however, no effect
on the rejection of subcutaneously trans¬
planted allogeneic UV tumours (7) or of
skin allografts (8,9). These findings argued
against a potential use forUV irradiation in
immune suppression of responses to allo¬
antigens. In this paper we have readdressed
this issue using two different alloantigen
responses, and have found that prior UV
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irradiation can both suppress the DTH re¬
sponse to alloantigens and prolong allograft
survival.
Recently we found that the delayed type

hypersensitivity response to alloantigens in
mice given the immunosuppressant cyclo-
sporine was reduced to background levels
and Lyt 2+ antigen-specific transferable
suppressor cells were formed in these ani¬
mals (10,11). Cyclosporine has been exten¬
sively used as an immunosuppressant in
recipients ofboth experimental and clinical
allografts. Prolongation of heart allografts
was much more readily achieved than of
skin allografts (12), in agreement with earl¬
ier studies which had suggested that vascu¬
larized grafts are more easily prolonged
than skin grafts (13). Since the only
reported investigations of the effects of
immunosuppression of the graft recipient
with UV irradiation on allograft rejection
had used skin allografting (8,9), a study of
the effect ofUV irradiation on cardiac allo¬
grafts would be of interest.
This study investigated the effect of a

single dose of UV radiation prior to sensi¬
tization on the murine DTH response to
alloantigens, on a CHS response, and on
skin and heart allograft rejection. Transfer¬
able antigen-specific suppressor cells which
suppress the elicitation of a DTH or a CHS
response were found in UV-suppressed
mice, and these suppressor cells were
shown to be of the same phenotype as those
found in cyclosporine-suppressed mice.
The same dose of UV also prolonged the
survival of vascularized cardiac allografts.
No suppressor cells have been character¬
ized as yet in UV-treated heart allograft
recipients, although L3T4+ T suppressor
cells were identified in CsA-treated heart
allograft recipients (P. L. Mottram, A. Mir-
isklavos, A. Mason, L. J. Dumble and
G. J. A. Clunie, unpubl. data).

MATERIALS AND METHODS

Mice

BALB/c (H-2d), C3H/He (H-2><) and C57BL/6 (H-
2b) inbred strains of mice were obtained from the
Walter and Eliza Hall Institute of Medical Research,
Melbourne, Australia and from the Animal Resource

Centre of the Department of Agriculture, South Aus¬
tralia. Mice were kept according to the ethical guide¬
lines of the National Health & Medical Research
Council of Australia. Male mice, 8-10 weeks of age,
were used in all experiments. Tests for CHS, DTH and
allograft rejection showed no difference in the re¬
sponses of normal mice from the two sources.

Delayed type hypersensitivity
DTH was measured as described previously (10).

Mice were sensitized by subcutaneous injection of
3 X 107 spleen cells under the abdominal skin. Six days
later the left ear and/or footpad was challenged by
intradermal injection of 5 X 106 spleen cells and after
24 h, swelling was measured using a dial gauge
micrometer with a soft spring, sensitivity range 0-01 —

9 mm (Mitutoyo Co., Japan). Results from ear swell¬
ings are reported here and are expressed as the mean
increase (A) in thickness (left minus right ear
mmX 10~2) ± standard deviation and as specific ear
swelling, calculated as mean A ear swelling in sensi¬
tized mice minus mean A ear swelling in unsensitized
mice. There were 5-20 mice per experimental group
and statistical analysis of values ofmean A ear swelling
was carried out using Student's /-test. Experiments
were repeated 2-3 times and data from similar exper¬
imental groups in separate experiments were
pooled.

DTH transfer
A DTH response was induced in donor mice as de¬

scribed above. Following measurement of specific
swelling 24 h after challenge, donor mice were sacri¬
ficed and single cell suspensions of spleen cells were
prepared (6X 107 viable leucocytes per ml), red cells
were removed and the cells were washed three times
before being transferred intravenously (6X 106 cells/
mouse from each of two donor groups) to naive recipi¬
ent mice which had been X-irradiated (600R) 24 h
previously. Recipient mice received an intradermal
ear challenge of 5 X 106 allogeneic spleen cells 1 h after
the cell transfer and ear swelling was measured 24 h
later.

Contact hypersensitivity
CHS was determined as described by Asherson et al.

(14). Mice were sensitized by application of 100 pi of a
1% (w/v) alcohol solution of oxazolone (OX) (4-
ethoxy-methylene-2-phenyl oxazolone, Sigma Chemi¬
cal Co., St Louis, USA) on the skin of the shaved
abdomen. Six days later the CHS response was elicited
by application of 10 pi of 1% OX/alcohol to the left
ear. Mean A ear swelling and specific increase in thick¬
ness were calculated as for DTH.

Monoclonal antibody treatment of transferred cells
Cytotoxic monoclonal rat anti-mouse anti-Thyl

(30H-12 lgG2b) anti-L3T4 (GK1-5, IgG2b) anti-Lvl
(IgG2a) and mouse anti-mouse anti-Ly2-2 (IgG2a)
were obtained from Dr Rolland Scollay, Walter and
Eliza Hall Institute ofMedical Research and Professor
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Ian McKenzie of the Research Centre for Cancer and
Transplantation, Melbourne University, and used at a
concentration of 1/10 or 1/20 in PBS. Spleen cell sus¬
pensions (6X107/ml) were mixed with an equal
volume of diluted monoclonal antibody and kept on
ice for 30 min. Cells were washed (5 min, 1500 r/min)
and incubated with baby rabbit complement (Walter
and Eliza Hall Institute, Melbourne, Australia) at 37°C
for 30 min, washed again and resuspended at the
required cell concentration. Treatment with comple¬
ment alone removed less than 5% of the cell popula¬
tion and did not abrogate transfer of DTH.

UV irradiation

Mice to be irradiated had their backs shaved, their
ears covered with black electrical tape and were placed
in individual compartments 20 cm below the UV light
source which was a bank of six Westinghouse FS40
sunlamps giving an average cosine-corrected dose rate
of 7-5 W/m2 in the wavelength range 260-360 nm,
with a peak at 313 nm. Irradiance levels were meas¬
ured using a UVX Digital Radiometer with a UVX-31
sensor (Ultra-violet Products, Inc., San Gabriel, USA).
For CHS and DTH the sensitizing antigens were
applied on or under abdominal skin which had not
been exposed to UV light. Skin grafts were also applied
to non-irradiated areas. Mice were sensitized or given
allografts 3-5 days after exposure to UV light. The
percentage suppression of DTH was calculated as de¬
scribed previously (2).

Skin grafts
Skin grafts were prepared as previously described

(10). In brief, donor tail skin from non-UV irradiated
mice was dissected into 5 mm squares. The UV-irra-
diated recipient was shaved on the flank above the
previously shaved irradiated area and a graft bed was
prepared in the unirradiated area. The graft was placed
on the bed and covered with spray-on plastic dressing
and the wound was dressed with a band-aid (Johnson
& Johnson) for 6 days. At this time the band-aid was
removed and grafts scored on a scale of 0-4, ranging
from total necrosis (score 0) to 100% healthy (score 4).
Survival times were expressed as median survival
time ± standard deviation (MST ±s.d.). Results were
compared using the Mann-Whitney U test.

Heart transplantation
The donor heart was transplanted heterotopically as

described previously (15). In brief, the donor ascend¬
ing aorta was anastomosed to the recipient abdominal
aorta and the donor pulmonary artery to the recipient
inferior vena cava by standard microsurgical tech¬
niques with an ischaemia time of <60 min. Grafts
were monitored by palpation and electrocardiograms
and the day of rejection recorded as the first day on
which there was no detectable heart beat or electrical
activity. Median survival times were compared using
the Mann-Whitney U test.

RESULTS

Effect of UV irradiation on DTH re¬
sponses
A single exposure of 1 h UV irradiation 3-5
days before sensitization at an unirradiated
site reduced both DTH responses to
C3H/He cells and CHS responses to OX
significantly when compared with the re¬
sponses obtained in normal mice (Table 1,
group 2 vs group 3, group 5 vs group 6). In
assessing DTH to alloantigens, measure¬
ment of ear swelling gave a more accurate
and repeatable reading of DTH and CHS
response than footpad swelling, so the data
reported here are based on ear swelling
measurements. We have previously used
footpad swelling (10,11), ear swelling (16)
and radioisotopic methods (17) to measure
DTH responses. The radioisotopic method
was not used here because we wished to use

animals with known DTH responses as
donors for the cell transfer experiments and
cells cannot be transferred from radio-
labelled animals. Measurement ofear swell¬
ing gave reproducible results because the
ear provides a flat surface larger than the
micrometer plate. With a softly sprung
micrometer, compression of the tissue is
minimal and repeat readings of the same
ear are possible.

Characterization of UV radiation-induced
suppressors ofDTH and CHS responses

Suppression of DTH or CHS by prior UV
irradiation was associated with transferable
suppressor cells which depressed the elici-
tation of the response. As shown in Table 2,
adoptive transfer of DTH to C3H/He cells
(group 6 vs groups 4 and 5) or ofCHS to OX
(group 15 vs group 14) was achieved with
spleen cells from animals sensitized to the
appropriate antigen. If, however, sensitized
cells were transferred together with cells
from animals UV suppressed to the same
antigen, the resulting DTH or CHS re¬
sponse was significantly suppressed (Table
2, group 7 vs group 6, group 16 vs group 15).
No response was observed when spleen
cells (12 X 106) from normal animals were
transferred (Table 2, group 5) so normal



Table1.EffectofUVirradiationonDTHresponsestoC3H/HecellsandtoOXinBALB/cmice. Group

Treatment

Sensitizing antigen4

Challengeantigen*
AEarswelling (x±s.d.)§

Specificswelling**
Suppression(%)t+
Ptt

1

Nil

Nil

C3H/Hecells

3-3±1-2

_

2

Nil

C3H/Hecells

C3H/Hecells

10-8±31

7-5

3

UV*

C3H/Hecells

C3H/Hecells

3-5±1-4

0-2

97

<0001

4

Nil

Nil

OX

1-2±11

5

Nil

OX

OX

19-5±43

18-3

—

6

UV*

OX

OX

4-6±11

3-4

81

<0001

*UVirradiation,1h(2-7X104J/m23-5dayspreviously). fSensitizingantigen3X107spleencellsfromC3H/Hemiceor1%OX. *Challengeantigen5X106spleencellsfromC3H/Hemiceor1%OX.§Earthicknessofleftearminusthicknessofrightcar24hoursafterchallengeofleftearwithantigen. **AearswellingoftestgroupminusAearswellingofunsensitizedmice. tfSuppression(%)=1—(specificearswellingofUVtreatedmice/specificearswellingofsensitizedmice)X100.ttPvalue(Student'st-test)forthesignificanceofthedifferencebetweenAearswellingvaluesforUVirradiatedandsensitizedgroups.



Table2.PhenotypeofUVsuppressorcellsforDTHresponsestoC3H/HecellsortoOXinBALB/cmice. Cellstransferredfromdonors*

Cytotoxictreatment1' of cellsfromUVsuppressed mice

DTHresponse

Treatment*

Aearswelling (Mean±s.d.)
Specific swelling

Suppression

P§

ChallengewithC3H/Hecells
DONORS None

3-3+2-1

—

—

—

SensC3H/He

16-1±4-6

12-8

—

—

UVsuppressed
toC3H/He

9-2±2-6

5-9

54

<0-01

RECIPIENTS

None

—

X-irradiated

3-4±2-4

—

—

—

Normalcells(12X106)

X-irradiated

2-0±1-0

0

—

—

Normal+SensC3H/He

X-irradiated

8-1±1-1

4-7

—

—

SensC3H/He+UVsuppressedC3H/He
None

X-irradiated

4-2±1-4

0-8

83

<0-01

SensC3H/He+UVsuppressedC3H/He
Anti-Lyt2

X-irradiated

9-1±2-7

5-7

0

NS

SensC3H/He+UVsuppressedC3H/He
Anti-L3T4

X-irradiated

3-8±1-9

0-4

91

<001

SensC3H/He+UVsuppressedOX
None

X-irradiated

9-8+4-7

6-4

0

NS

ChallengewithOX
DONORS None

5-0±1-4

—

—

—

SensOX

20-6+6-1

15-6

—

—

UVsuppressed
toOX

11-9±5-5

6-9

56

<0-02

RECIPIENTS

None

—

X-irradiated

3-0±1-0

—

—

—

Normal+SensOX

—

X-irradiated

7-4±2-8

4-4

—

—

SensOX+UVsuppressedOX

None

X-irradiated

4-9+1-1

1-9

57

<0-02

SensOX+UVsuppressedOX

Anti-Thy1

X-irradiated

7-2±1-3

4-2

5

NS

SensOX+UVsuppressedOX

Anti-Lyt2

X-irradiated

8-5±2-6

5-5

0

NS

SensOX+UVsuppressedOX

Anti-Lyt1

X-irradiated

3-8±2-5

0-8

82

<0-05

SensOX+UVsuppressedC3H/He
None

X-irradiated

7-8±0-8

4-8

0

NS

Theresultsrepresentpooleddatafromthreeexperiments(challengedwithC3H/He)orfromtwoexperiments(challengedwithOX).UVirradiationand
DTHresponseswerecarriedoutasforTable1. *6X106spleencellsfromeachofthedonorswasgivenintravenouslytorecipientswhichwerechallenged1hlater. +SpleencellsfromdonorswhichwereUVsuppressedweretreatedwithmonoclonalantiseraasindicatedandcomplementimmediatelypriortotransfer. Treatmentofsensitizedcellswithanti-L3T4andcomplementpriortotransferabrogated60%oftransferredDTHresponse(P<0-01);treatmentofsensitized cellswithanti-Lyt2andcomplementhadnosignificanteffectonthetransferredDTHresponse.Anti-Lyt1antiserumandcomplementkilled35%ofBALB/c splenicTcells. *Donorsweretreatedasindicated,andcellstakenfortransferafterreadingDTHreaction.Recipientshadadoseof600RofX-irradiation24hbefore receivingcells. valuerepresentsthesignificanceofthedifferencebetweenAearswellingvaluesindicatedandthecorrespondingvalueobtainedforsensitizedmice

(donors)orrecipientsofsensitized+normalcells(Student's/-test).SignificanceofdifferencebetweenAearswellingvaluesforunsensitizedandsensitized mice(donors)andbetweenrecipientsofnocellsandofsensitized+normalcellswasP<002.
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cells were added to sensitized cells in groups
6 and 15 so that the number of cells trans¬
ferred was the same in all groups. Suppres¬
sion was antigen-specific since transfer of
DTH to C3H/He alloantigens was not sup¬
pressed by cells from mice UV suppressed
to OX and vice versa (group 10 vs group 6,
group 20 vs group 15). In other experi¬
ments, using footpad swelling measure¬
ments, DTH to C3H/He cells was not sup¬
pressed by UV-induced C57/B16-specific
suppressor cells (data not shown). These
data were comparable with previously pub¬
lished findings of antigen-specific suppres¬
sor T cells in cyclosporine-treated animals
(11).
Suppressive activity was removed by

cytotoxic treatment of the cells before
transfer with anti-Thyl-2 or anti-Lyt2
monoclonal antibodies (group 8 vs group 6,
groups 17 or 18 vs group 15), but was not
removed by anti-L3T4 or anti-Lytl mono¬
clonal treatment (group 9 vs group 6, group
19 vs group 15). Thus the transferable sup¬
pressor cells are Thyl-2 + , Lyt2 + , L3T4"
and Lyl~.

Effects of UV irradiation on allograft
survival
The survival time of C3H/He skin allo¬
grafts placed on an unirradiated site on
mice which had been given 1 h ofUV treat¬
ment 3-5 days earlier was not significantly
altered from the survival time of similar
grafts in normal mice (Fig. la). In contrast,
the survival time ofC3H/He primarily vas¬
cularized heterotopic heart allografts was
significantly increased in mice which had
been given a single dose of 1 h of UV irra¬
diation 3-5 days previously (Fig. lb). The
median survival time was increased from
10 days to 13 days (P= 0-035).

(a)

100

80-

60-

20-

10 15

Days
20 25

(b)

Fig. 1. Percentage survival of (a) skin and (b) cardiac
allografts in normal BALB/c mice (•) or mice UV-
irradiated for 1 h (27 kj/m2) (o). Grafting was carried
out 3-5 days after UV irradiation, on an unirradiated
site. There were 5-10 mice per experimental group
and they were assessed over 30 days post-transplanta¬
tion. Skin graft groups were not significantly different
(P>0.1); UV-treated animals showed significant
improvement in heart graft survival (P= 0.035) com¬
pared with unirradiated animals.

DISCUSSION

This is the first demonstration that a single
dose of UV-irradiation (lh, 27 kJ/m2
UVB) induces antigen-specific suppressor
T cells which act in vivo to depress the
elicitation of a delayed hypersensitivity
response to alloantigens. Since these studies

were initiated, another study found that a
single dose ofUV (3 h, 30-40 kJ/m2 UVB)
could suppress the DTH response to allo¬
antigens (18). This study did not, however,
demonstrate the presence of transferable
suppressor cells which act in vivo. Antigen-
specific suppressor T cells were found, but
these were detected by their ability to sup-



UV IRRADIATION SUPPRESSES IMMUNE RESPONSES TO ALLOANTIGENS 383

press an MLR response in vitro. The sup¬
pressor cells specific for CHS to OX and
DTH to C3H/He alloantigens were Thyl+,
Lyt2+, Lytl L3T4~. The present studies
have confirmed that administration of an
antigen to a UV-irradiated animal can pro¬
duce suppressor T cells of the elicitation
phase as well as the induction phase of the
immune response (15).
Of particular interest is the finding that

the antigen-specific T cells suppressing the
DTH response to alloantigens are of the
same phenotype in UV-irradiated animals
as in cyclosporine-treated animals (11),
suggesting that initiation of suppressor cell
formation by different agents may result in
activation of a similar common pathway(s).
UV irradiation in vivo has been shown to be
associated with a spleen antigen presenting
cell defect, depressing the ability to initiate
a positive immune response (1,3,19),
whereas suppression by cyclosporine is
associated with decreased production of
interleukin-2 from sensitized cells (20).
In the cyclosporine-treated animals,

transferable suppressor T cells which
reduced DTH responses to background lev¬
els did not prolong the survival of cardiac
allografts (Mottram et al., unpubl. data).
Thus the DTH response to alloantigens is
an incomplete model for allograft rejection
and is one of the multiple mechanisms
required for the normal rejection response
to allografts (21,22). The experiments de¬
scribed here have not directly addressed the
question of whether the UV-induced
antigen-specific suppressor T cells which
modulate the DTH response to alloantigens
are also responsible for the observed pro¬
longation of allograft survival. Both effects
occurred with the same dose and timing of
UV irradiation, but further experimenta¬
tion will be necessary to investigate this
point. It is possible that the UV-induced
antigen presenting cell alteration resulting
in decreased priming of effector cells may
be sufficient to modulate graft rejection in
the absence of suppressor cells. Suppressor
cells capable of modulating allograft rejec¬
tion have been described in a rat renal allo¬
graft model (CD8+) and in a rat cardiac

allograft model (CD4+) (23). If the putative
UV-induced suppressors of allograft rejec¬
tion are similar to those we have described
here for suppression of DTH, they would
appear to be similar to those in the rat renal
allograt model, but again further experi¬
mentation is necessary to establish this.
Although we found no significant prolon¬

gation of skin allografts in UV-treated
mice, we did observe a small, but signifi¬
cant prolongation ofheart allograft survival
in UV-irradiated recipients. This is a par¬
ticularly interesting finding for two reasons.
It is to our knowledge the first reported
effect of UV-irradiation of the graft recipi¬
ent in prolongation of graft survival.
Second, only a single, relatively low dose
(27 kJ/m2) of UV was used. This UV dose
was selected in order to minimize the
inflammatory effects of UV irradiation.
The finding ofprolongation ofheart but not
of skin allograft survival by UV irradiation
of the graft recipient is in agreement with
our previous studies (11,12) and those of
others (13) which have found survival of
primarily vascularized grafts to be more
readily prolonged than that of skin grafts in
immunosuppressed recipients. This phen¬
omenon is incompletely understood, but
factors such as host vascularization of skin
grafts in contrast to primarily vascularized
cardiac grafts, and site of grafting may trig¬
ger different mechanisms of graft rejec¬
tion.
UV irradiation of an allograft (either

pancreatic islets or donor blood) (24,25)
prior to transplantation has been reported
to prolong graft survival, possibly reducing
graft antigenicity by differential effects of
UV radiation on antigen-presenting cells.
The current studies have shown that UV
irradiation may be useful not only for pre-
treatment of donor tissue but also for
immune suppression of graft recipients.
UV radiation-induced immunosuppres¬
sion in vivo is initiated by an interaction
between UV and a superficial photorecep¬
tor in skin, tentatively identified as uro-
canic acid, which photoisomerizes on UV
irradiation (26). Recent supportive evi¬
dence for this hypothesis has been pre-
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sented indicating that systemic administra¬
tion of the UV-irradiated form of urocanic
acid can initiate, in the absence ofUV, sup¬
pression of a DTH response (27) and the
formation of an antigen-presenting cell
defect in dendritic antigen presenting cells
of the spleen (19). Thus, the possibility of
using a UV-induced immunosuppressant
to investigate allograft rejection is an
intriguing one. The data presented in this
paper represent the first step in this direc¬
tion.
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ELECTROCARDIOGRAPHIC MONITORING OF CARDIAC

TRANSPLANTS IN MICE
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This study investigated direct palpation, electrocardiographs and

graft histology in the monitoring of murine cardiac transplants,

demonstrating the ro/e of the ECG in demonstrating changes in long

surviving grafts not detectable by palpation. The ECG appeared to have

no advantage over simple palpation in acutely rejecting grafts.
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Electrocardiographic monitoring of cardiac
transplants in mice
PATRICIA L MOTTRAM, JULIAN A SMITH, ANDREA MASON, ANGELA MIRISKLAVOS,
LYNETTE J DUMBLE, GORDON J CLUNIE

From theDepartment ofSurgery, University ofMelbourne, Royal MelbourneHospital, Australia

abstract In the murine cardiac model for vascularised transplantation graft function may be
monitored by direct palpation, electrocardiography, and graft histology. To assess the merits of these
methods, and to measure ischaemic damage, isografts and allografts were examined at regular
intervals from 0 to 60 days after grafting. Heart transplants were vascularised from the abdominal
great vessels, using microsurgical techniques, with ischaemic times of less than 60 min. Isografts
showed no decrease in heart rate over 60 days, as measured by palpation and electrocardiography, but
the voltage of the ventricular complex fell progressively over the first 28 days after grafting then
remained stable for more than 60 days. The voltage drop was associated with atrophy of myocardial
tissue. Allografts in recipients treated with rabbit antimouse antilymphocyte serum were maintained
for more than 60 days with little change in palpation rate or recorded heart rate but with significant
falls in ventricular complex voltage, reflecting myocardial atrophy and fibrosis. Untreated allografts
were rejected in 10-14 days and showed a rapid fall in palpated heart rate, measured heart rate, and
ventricular complex voltage. Thus, in this study, palpation of the heart graft gave an accurate measure
of the pulse rate and correlated with electrical activity in acutely rejecting grafts, but in long surviving
grafts measurement of ventricular complex voltage showed myocardial damage that was not
detectable by direct palpation.

The performance of cardiac allografts both
experimentally and clinically has been monitored by
electrocardiography in many studies.1-4 Although
percutaneous transvenous endocardial biopsy is now
used routinely to detect acute rejection in humans5 and
large animals,6 biopsy is not possible in rodent models
of vascularised cardiac transplantation owing to the
small size of the graft. Direct palpation of the graft is
the preferred means of monitoring heterotopically
transplanted hearts in rats and mice,7 8 and we have
found this method to be satisfactory for acutely
rejecting allografts but unreliable for long surviving
grafts in the mouse. In rats, ECG tracings of heart
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grafts' 9 10 or a combination of graft palpation and
ECG11-14 have satisfactorily monitored graft function.
Although the ECG has been used to monitor heart
grafts in mice,15-19 methods and variables examined
were not discussed in some studies,15-17 whereas in
others reliance was placed on measuring the heart rate
rather than the voltage of the ventricular complex.'8 19
The aim of this study was to carry out a detailed
evaluation of the ECG as a method for monitoring
cardiac transplants in mice and to compare ECG
results with monitoring by palpation.

Methods

mice

BALB/c (H-2d) and CBA (H-2k) inbred strains were
obtained from the Walter and Eliza Hall Institute,
Melbourne, Australia. Mice were between 6-8 weeks
of age, sex matched within experiments, and weighed
20-25 g.
Mice were housed and maintained according to the

315
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official guidelines of the National Health and Medical
Research Council and the Commonwealth Scientific
and Industrial Research Organisation of Australia.

CARDIAC TRANSPLANTATION

The donor heart was transplanted heterotopically into
the recipient mouse's abdomen using amodification of
the technique described by Corry and colleagues.8
Mice were anaesthetised by an intraperitoneal
injection of 3.6% w/v choral hydrate (0.1 ml per 10 g
of body weight). The donor heart was exposed and
flushed with 1.5 ml of cold heparinised saline (100
units/ml) via the inferior vena cava. One 4-0 silk tie
(W-505H, Ethicon, Australia) was placed round the
inferior vena cava and right lung root with another
round the right superior vena cava. The vena cavae and
lungs were divided away from the ties. The aorta and
pulmonary artery were separated and cut as distally as
possible. The left superior vena cava and left lung root
were tied with 4-0 silk and divided distally to the tie
and the detached heart was placed in a bowl of chilled
saline at 4-10°C.
The recipient abdominal cavity was opened by a

midline incision, the bowel exteriorised, and the aorta
and vena cava exposed. The lumbar vessels were
cauterised (Optemp cautery, Alcon Labs, Fort Worth,
Texas, USA) below the renal vessels to provide
sufficient lengths of aorta and vena cava for
anastomosis to the donor vessels. The recipient aorta
and vena cava were not separated from each other.
Proximal and distal 4-0 silk ties were placed loosely
round the vessels and tied with a single throw. The
distal and then proximal ties were tightened and a
longitudinal incision made in the aorta. The donor

aorta was anastomosed end to side to the recipient
aorta using a continuous 10-0 nylon suture (No 2888,
Ethicon, Australia). An incision was then made in the
recipient inferior vena cava and the donor pulmonary
artery joined as for the aorta. The distal tie was
released first, allowing the vena cava to fill, and then
the proximal tie, allowing flow from the recipient aorta
to donor coronary vessels. The bowel was replaced
and the midline incision closed with a single
continuous 4-0 silk suture. Ischaemic time was

measured from division of the ascending aorta to
coronary reperfusion. There was on average 2-3 min of
warm and 45 min of cold ischaemia. The transplanted
heart was orientated in the abdomen with the cardiac

apex pointing towards the mouse's right side. Blood
flow was from the recipient abdominal aorta into the
coronary arteries (the aortic valve being competent)
thereby perfusing the myocardium. With the donor
vena cavae and pulmonary veins being tied off, no
systemic venous blood entered the heart. Coronary
venous blood drained into the right ventricle and was
pumped via the pulmonary artery into the inferior vena
cava.

MONITORING CARDIAC FUNCTION

Cardiac function was monitored by daily palpation and
regular electrocardiography. Palpation was graded on
a scale of 0-4: 4 = normal rate and regular rhythm, 3 =
a decreased force of contraction with normal rate and

rhythm, 2 = a decreased rate or irregular rhythm or
both. 1 = very weak and slow cardiac contraction, and
0 = no palpable contraction. ECG recordings were
made as described for the rat model.1 A single channel
Siemans Cardiostat 1 ECG recorder (Type No 9052

FIG 1 Electrodepositionsfor
monitoring (a) the mouse's own
heart and (b) the heterotopically
transplanted heart in the abdomen.
The leads used were right arm
(RA), left (LA), right leg (RL), left
leg(LL), central (VI), right lateral
(V6R), and left lateral (V6L).
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663 EH 4IE, Siemans, West Germany) was used with
I.2 cm 30 gauge needles attached to the electrode
leads. The machine was calibrated with the filter on,
sensitivity set at 4 cm-mV-1, and a paper speed of 50
mm-s-1. The mice were lightly anaesthetised with
methoxyflurane (Penthrane, Abbot, North Chicago,
USA) and secured in the supine position on a cork
board. Each electrode was positioned subcutaneously.
To record the mouse's own heart, needles were placed
along the proximal forelegs and at the level of the
costal margins. Recordings were made from leads I,
II, III, avR, avL, avF, and central (VI) and left lateral
(V6) precordial leads (fig la). For the transplanted
heart, leads were placed in the hypochondrial regions
and along the proximal thighs. Recordings were made
for leads I, II, III, avR, avL, avF, and three abdominal
wall leads— one central (VI) and two lateral (V6 right
and V6 left) (fig lb).
The amplitude of the ventricular complex was

measured as the maximum positive or negative
displacement from the baseline irrespective of sign. If
the baseline was not clearly discernible the maximum
vertical displacement was the variable used. Five to 10
complexes were measured for each lead and the
average taken. The amplitude of the ventricular
complex was measured in arbitrary units where 1
arbitrary unit was equivalent to 1 mm on the recording
paper and 40 arbitrary units equalled 1 mV. Changes in
amplitude of the ventricular complex due to variation
in the cardiac axis were allowed for. The ventricular
rate of each heart was measured by using the lead II
tracing.
The three lead voltage was the sum of arbitrary units

of the ventricular complex from leads I, avF and VI
representing the use of a three dimensional X,Y,Z
vector system. The use of these three leads for rapid
assessment of electrical activity meant that allowances
were made for axis shifts leading to alteration in the
amplitude of the ventricular complex.
Rejection was defined as the day on which there was

no palpable heart beat or all electrical activity had
ceased, or both, and this assessment was confirmed by
histology. Longitudinal sections of whole hearts were
stained with hematoxylin and eosin or Masson's
trichrome stain and examined for areas of myocardial
fibrosis, scarring, cellular infiltrate, and remaining
normal tissue. These areas were scored as a percentage
of the total myocardium in the section.20

statistical analysis

Correlations between graft palpation and ECG
findings were made by regression analysis. The
differences in survival of cardiac grafts in groups of
untreated allografts, antimouse antilymphocyte serum
treated allografts, and isografts were analysed using
the Mann Whitney U test.

immunosuppression

Recipients treated with rabbit antimouse anti-
lymphocyte serum were given a standard dose of
titrated serum by intraperitoneal injection on days -1
and +2 with grafting on day 0. The preparation and
testing of the serum has been described previously.21
Results

ecg tracings of normal mouse hearts

With ECG leads placed to monitor the mouse's own
heart (fig la) the mean(SD) heart rate for CBA mice
was 480(66) beats-min 1 and the rate forBALB/c mice
449(49) beats-min"1. In both strains the P wave was
deflected positively in leads I, II, III, avF, VI and V6
and negatively in lead avR. The deflection in lead avL
was usually positive or occasionally isoelectric or
negative. The amplitude of the P wave was 1-2
arbitrary units in all leads and the PR interval ranged
from 30-56 ms. The ventricular complex was notched,
with the QRS complex and T wave incorporated
together (fig 2a). The amplitude of the ventricular
complex for each lead showed little variation (=£2
arbitrary units) within each mouse strain. Individual
leads and thus the subtotal and total mean amplitudes

©
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fig 2 ECG tracings ofthe normal own heart with (a) chest
leads and(b) abdominal leads.
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table Amplitude mean(SD) of ventricular complexes in mouse hearts (arbitrary units)

Mouse Strain Leads

(n=10
per group) I 11 III avR avL

CBA
(own heart) 3.4(0.5) 6.6(1.7) 4.3(1.7) 4.6(1.2) 2.5(1.0)
BALB/c
(own heart) 3.6(0.9) 13.2(1.2)10.2(2.1)7.8(1.2) 3.7(1.2)
CBA
(24 h isograft) 7.7(5.1) 7.0(4.2) 4.3(2.5) 6.4(3.5) 5.6(2.6)
BALB/c
(24 h allograft) 13.7(5.7) 10.9(6.8) 3.9(2.4) 13.7(8.5) 8.8(3.9)

L=left; R=right.
Conversion: amplitude — 40 units = 1 mV.

were higher for BALB/c mice than for CBA mice
(table). The mean weight of a BALB/c heart from a 20
g mouse was 148 mg compared with 129 mg for a heart
from a 20 g CBA mouse. The larger BALB/c heart
probably accounted for the greater electrical activity
measured for these organs. Mice subjected to daily
ECG tracings showed no change in ECG pattern and
no histological evidence of myocardial damage (data
not shown).
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V1 V6L VfiR

fig 3 ECG tracingsofthe heterotopic heartwith leads in
the abdominalposition at(a)6h after grafting and (b)24h
aftergrafting.

Total Subtotal

(sum all (sum I,
avF VI V6 leads) avF, VI)

4.8(1.5) 10.2(2.5 4.9(1.5) 41.3(6.4) 18.4(2.8)

11.6(1.9) 5.3(2.1) 4.8(2.0) 60.3(5.3) 20.5(3.1)

3.9(2.3) 10.1(4.0) (L)5.1(2.9) (R)6.9(2.3) 57(14.2) 21.7(5.0)

6.2(4.6) 12.5(8.3) (L)7.8(5.1) (R)9.3(3.4) 86.6(33.3) 32.4(15.'

In normal mice, when ECG leads were placed in the
position for monitoring a heterotopically transplanted
heart in the abdomen (fig lb) no significant electrical
activity from the mouse's own heart could be detected
in any of the leads recorded (fig 2b).

Days after transplantation

fig 4 Comparison ofheart grafts monitoredby (a)
palpation and (b) ECG. Mice transplanted with isografts
(■), untreated allografts (•), and allograftsmaintained by
ALS (O) werefollowedfrom 0-60 days after grafting.



ECG monitoring or cardiac transplants in mice 319

TRANSPLANTED HEARTS

Although bradycardia was commonly seen in ECGs of
transplanted hearts for 5-6 h after grafting (fig 3a),
CBA isografts and BALB/c to CBA allografts had
established normal pulse rates (477(60) and 450(57)
beats-min^1 respectively) and regular rhythm by 24 h
after grafting (fig 3b). Although the atria were not
pumping blood they were usually contracting at 24 h,
and a P wave (amplitude range 1-2 arbitrary units) was
seen on most leads, with a PR interval of 30-60 ms.
With the heterotopically transplanted heart in the
intra-abdominal location and the cardiac apex pointing
to the right, positive deflection was seen in leads III,
avR, and V6 right (over the apex). Leads I, II, avL,
avF. and V6 left had negative deflection with variable
deflections in lead VI. The ventricular complex (QRS
waves) was notched as in ECGs of "own" hearts (fig
3b). The voltage of the ventricular complex in
transplanted hearts varied from own hearts of the same
strain owing to the different location and orientation of
the transplant, and standard deviations from the mean
voltage were greater for transplants owing to the
mobility of the grafts. Mean voltages for BALB/c
hearts were again greater than for CBA grafts (table).
At 24 h after grafting both isografts and allografts

were assessed by palpation; those with normal rate and
rhythm were assigned a palpatory grade of 4 and
included in this study. Grafts with lower palpatory
grades at 24 h were examined by laparotomy; they
were invariably found to be technical failures and were
excluded from the study. Our technical success rate
was 82% and each experimental group included 10

technically acceptable grafts. In isografts, palpation
remained at grade 4 for more than 60 days (fig 4a), but
there was a progressive fall in mean three lead voltage
over the first 28 days after grafting (fig 4b). Heart rate
was maintained at normal values in long surviving
isografts, reflecting the grade of palpation (fig 5a).
Allografts maintained indefinitely in anti-

lymphocyte serum treated recipients showed a drop in
palpatory grade at 20-30 days after grafting (fig 4a),
and the palpation grade was significantly less than for
isografts from this time until more than 60 days after
grafting (p<0.01). ECG three lead voltages did not
stabilise at 28 days, as did isografts, but declined
gradually over the 60 days observation time after
grafting (fig 4b). The decrease in palpatory grade also
reflected a decrease in beats -min after 28 days in the
ECG tracings (fig 5b).
Isografts showed histological evidence of

myocardial damage in the form of mild perimyocytic
fibrosis, which occupied up to 15% of myocardial
tissue by day 28 but did not increase thereafter.
Detailed descriptions of ischaemic effects in isografts
have been published elsewhere.20 Fibrosis and atrophy
accounted for the observed drop in isograft electrical
activity during 60 days after grafting (figs 4b and 5a).
Allografts maintained by antilymphocyte serum

showed similar perimyocytic fibrosis with additional
areas of mononuclear cell infiltrate surrounding some
vessels which were severely damaged. Infiltrate,
necrosis, and scarring occupied up to 30% of the cross
sectional area of the graft at 28 days. Voltages and
palpation rates were lower in long surviving allografts
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than in isografts at 60 days (p<0.05 for both palpation
and ECG voltage comparisons at 60 days), but in both
groups of long surviving grafts the drop in ECG
voltage and the presence of myocardial damage
occurred before any detectable change in palpation
grade (fig 4).
Untreated allografts were rejected rapidly (10(2)

days). Initial ECG readings on day 3 after grafting
showed normal or higher than normal voltages (fig 4b
and 5c). Although these grafts had a palpatory grade of
4 and little or no histological evidence of rejection,
they were slightly larger than normal BALB/c hearts
with a mean weight and standard deviation of 151(16)
mg compared with the normal weight of 148(4) mg.
The high voltage recorded for allografts at day 3 after
grafting are probably due to oedema in the initial
stages of graft rejection prior to cellular infiltration and
myocardial damage. There was a sharp decline in
electrical activity with falls in ventricular complex
voltage, beats-min-1, and palpation rate between days
6 and 9 after grafting and histological evidence of
rejection from day 6 onwards. These changes were not
seen in isografts or well maintained allografts in
antilymphocyte serum treated animals at 10 days after
grafting and were therefore considered to be specific
signs of acute allograft rejection. In comparing typical
ECG tracings from a rejecting allograft (fig 5c) with
those from a well maintained allograft (fig 5b), the
rapid decline in ventricular complex voltage and heart
rate of the rejecting graft contrast with the slight
decline in heart rate and ventricular complex voltage in
the maintained allograft 60 days after grafting.

Discussion

With the recent increase in both clinical and

experimental cardiac transplantation the heterotopic
murine model has made significant contributions to
our knowledge of graft rejection mechanisms18 22 and
the means of inhibiting such responses.23-25 It has
become important clearly to define and monitor
rejection in the murine model for heart transplantation
so that the results from various studies in this field can

be compared. Although abdominal palpation of the
graft has proved satisfactory for monitoring graft
function in some studies with mice8 17 and rats,7 we
found palpation to be unsatisfactory for monitoring
long surviving isografts and allografts in mice. In
preliminary studies of murine cardiac isografts we
frequently found long surviving grafts with a regular
palpable beat, which showed muscular atrophy and
fibrosis. Further isograft studies with grafts subjected
to ischaemic times varying from 30 to 120 min showed
that ischaemic damage caused a fall in ventricular
complex voltage as measured by ECG tracings but no
detectable decrease in palpated or recorded heart rate.

Histology showed that the voltage drop correlated with
the onset of perimyocytic fibrosis in isografts. Details
of histology from the isograft studies, which have
already been published,20 showed that fibrosis was
maximal at 28 days after grafting and was associated
with myocardial atrophy. Ischaemic damage also
contributed significantly to the fibrosis seen in long
surviving cardiac allografts maintained in
immunosuppressed recipients26 and such damage was
undetectable by direct palpation of the graft. The
strength of palpable heart beats was difficult to assess
in long survivors with graft atrophy and overlying gut
and scar tissue surrounding the graft. In our studies
palpation correlated with the rate and rhythm of graft
contractions and was quite adequate for monitoring
acute allograft rejection where ischaemic changes and
graft atrophy did not occur before rejection.20 25-27 In
isografts and long surviving allografts the ECG was
most useful for monitoring changes in the ventricular
complex voltage, and a rapid fall in voltage, but not
pulse rate, was associated with the onset ofmyocardial
damage, as confirmed by histology. We found that the
average of the subtotal ventricular complex voltage
from leads I, avF. and VI gave consistent readings for
monitoring the ventricular complex changes. This
three lead voltage dropped dramatically before any
change in graft heart rate was detectable, and we
therefore used the three lead voltage as a monitor of
heart function rather than graft heart rate, which has
been used in other recent studies18 19
The rejection endpoint may be defined in this model

as the first day on which there is no palpable beat or a
three lead voltage of <6 arbitrary units or both. Grafts
removed at this time were sectioned and examined to
confirm the diagnosis of rejection since grafts may
cease functioning for technical reasons, such as
twisting of the graft or scar tissue obstructing the blood
supply. Because the graft is so small in mice, a
combination of all three measures— ECG, palpation,
and histology — gives a more accurate definition of
graft rejection than any one variable alone, and both
ECG three lead voltage and palpation should be used to
measure in situ graft function.

This work was supported by the D W Keir Research
Fund, Royal Melbourne Hospital, Australia, the
National Health and Medical Research Council of
Australia (grant No 840698), and the Victor Hurley
Medical Research Fund.
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These and subsequent studies (43,46,47) extended the findings

with MAB to investigate the role of conjugates of T-ceii specific MAB

with cytotoxic drugs in an attempt to improve the effectiveness of MAB.

The coupling of an anti-Ly-2.1 MAB with idarubicin gave a dose-

dependent relationship with effective immunosuppression.



Anti-T Cell Monoclonal Antibodies for In Vivo Treatment of Cardiac Allograft
Rejection in Mice
P.L. Mottram, M. Smyth, G.A. Pietersz, G.J.A. Clunie, and I.F.C. McKenzie

ALTHOUGH cardiac transplantation is now a wellestablished therapy, with one-year patient survival of
over 80%,' the wide range of immunosuppressive protocols
currently used in cardiac transplantation reflect a continued
quest for a more satisfactory treatment of allograft rejec¬
tion.2 Following the identification of T cell specific mono¬
clonal antibodies (MAB) in man3 and rodents,4,5 a number of
studies using these reagents have aimed to modify T cell
mediated responses in allograft rejection. Both pan-T and T
cell subset specific MAB can effectively reduce T cell
function in vivo, but most of these reagents cannot be used as
the sole means of immunosuppression because inactivation of
alloreactive T cells is often incomplete and/or transient
despite continued administration of the MAB.6,7,8 At least
two mechanisms limit the effectiveness of MAB treatment.

These are the production of antibody directed against the

MAB and modulation of cell surface receptors. Possibilities
for improving the effectiveness of MAB in vivo include
avoidance of the anti-idiotypic response by the use of short
courses of MAB treatment and treating animals with immu-
noconjugates made by coupling cytotoxic drugs or toxins to
MAB. In these studies the effect of T cell specific MAB or an

immunoconjugate prepared by coupling a DNA-binding
anthracycline cytotoxic drug to MAB was assessed in mice
by studying the survival of primarily vascularised heterotopic
cardiac allografts.

MATERIALS AND METHODS

Monoclonal antibodies specific for mouse T cell subsets were
obtained from the Department of Pathology, University of Mel¬
bourne and drug-MAB conjugates were prepared as described
previously.'10 Mice were treated with a short course (four days) of
MAB or immunoconjugate given intraperitoneal^ (i.p.). Mouse-
anti-mouse Ly-2.1 and idarubicin conjugated with anti-Ly-2.1 were
tested at doses ranging from 1-8 mg MAB and 20-120 pg idarubicin.
Donor hearts were transplanted heterotopically into the recipient
mouse's abdomen.11,12 Mice were obtained from the Walter and

Eliza Hall Institute of Medical Research and experiments were
carried out with the strain combination BALB/c (H-2d) and CBA
(H-2k) using 8-10-week-old male mice. Heart graft survival data was
analysed using the Mann-Whitney non-parametric test.

RESULTS AND DISCUSSION

In previous experiments mice treated with a total dose of 1
mg rat-anti-mouse L3T4 and/or Ly-2 showed significant
prolongation of H-2 mismatched cardiac allografts, with
80% surviving for >100 days.13 These MAB have also been
shown to cause transient depletion of the appropriate T cell
subsets in vivo.10 In this study, treatment of animals with
mouse-anti-mouse Ly-2.1 did not prolong the survival of
cardiac allografts (Table 1, groups 2 and 3) but conjugation
of anti-Ly-2.1 to idarubicin produced an effective and spe¬
cific immunoconjugate that improved cardiac allograft sur-

5

2

vival, with a dose dependent relationship between idarubicin
and effective immunosuppression (Table 1, groups 4-6). The
doses of conjugated idarubicin used (20-120 pg) were not
toxic in vivo.

Immunoconjugates have potential as immunosuppressive
agents because of their specific cytotoxic capacity against
cells of the immune system which carry characteristic cell
surface proteins, such as CD3, 4 and 8 markers on T cells, for
which specific MAB are available. Effective immunosup-
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Table 1. Survival of BALB/c Heart Grafts in CBA Recipients Treated with Monoclonal Antibody or Immunoconjugate

Treatment*

Group Drug (dose) Antibody (dose)

1 None None

2 None anti-Ly2.1, (4 mg)
3 None anti-Ly2.1, (8 mg)
4 Idarubicin (120 pg) anti-Ly2.1, (8 mg)
5 Idarubicin (80 pg) anti-Ly2.1, (6 mg)
6 Idarubicin (20 pg) anti-Ly2.1, (4 mg)

Heart Graft Survival

(Days)
Mean Survival

± SO

10, 11, 12, 12, 12, 13, 18
8, 9, 13, 16, 21, 27
11, 16, 17, 18, 19
**>100, >100, >100, >100, :

**22, 64, 75, 76, >100
13, 15, 24, 34, >100, >100

100, >100, >100

12.5 ± 2.3

15.6 ± 7.3

16.2 ± 3.1

>100

67.4 ± 28.

47.7 ± 41.

*V4 of total dose given i.p. on days -1,0, +1,
"Compared with groups 1, 2 or 3, p < 0.05.

-2, with allografting on day 0.

1020 Transplantation Proceedings, Vol 21, No 1 (February), 1989: pp 1020-1021
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pression does not require the permanent elimination of all
cells bearing specific antigens since there is abundant evi¬
dence that temporary removal of alloreactive T cells can lead
to permanent allograft acceptance.13 There is evidence from
in vivo and in vitro studies that T and B cell-directed

immunoconjugates eliminate these lymphocytes and our
results with cardiac allografts show that immunoconjugates
can be used in vivo as immunosuppressive agents in mice.
These results and our previous work13 show that some T cell
specific MAB when used as a short course of treatment at the
time of grafting are effective immunosuppressants, while
other MAB, which are ineffective alone, will be useful when
coupled to cytotoxic reagents such as idarubicin. This work
highlights the value of an MAB in targeting a cytotoxic drug
to a specific cell population.
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Anti-T Cell-Specific immunoconjugates in Mice: In Vivo Effects
P.L. Mottram, M. Smyth, G.A. Pietersz, G.J.A. Clunie, and I.F.C. McKenzie

IN PREVIOUS studies, we have demonstrated that car¬diac allografts can be maintained in mice treated with a
short course of T cell subset-specific monoclonal antibody
(MAb).1 Treatment with another MAb, mouse antimouse
Ly-2.1, did not significantly improve allograft survival, but

^ conjugation of this MAb with the DNA-binding anthracy-
cline, idarubicin, created an effective immunosuppressive
reagent that maintained allografts.2'3 The noncytotoxic anti-
Ly-2.1, when conjugated to idarubicin (ida-MAb), was

| specifically lethal for Ly-2+ T cells in vitro, and in vivo
ida-MAb reduced the number of detectable Ly-2+ cells to
background levels.3 This report presents preliminary data
from a study designed to compare the long-term effects of
anti-Ly-2.1 MAb and ida-MAb on T cell populations after in
vivo treatment of CBA mice with these agents.

MATERIALS AND METHODS

Mouse antimouse Ly-2.1, rat antimouse L3T4 (H129.Y) and Ly-2
(53.6) were obtained from the Research Centre for Cancer and
Transplantation, Department of Pathology, University of Mel¬
bourne, and used as described previously.1"3 Ida-MAb was prepared
as described previously.3 CBA male mice, 8-10 weeks old, were
treated with a short course (4 days) of MAb or ida-MAb given i.p.
Anti-Ly-2.1 was given as four 1 mg doses on consecutive days (total
dose 4 mg), and ida-MAb also was given over 4 days (total dose 80
Mg ida, 4 mg MAb). Mice were killed at time points after treatment
(4, 18, 44 days), and lymph node, spleen, and thymic lymphocytes
were examined by FACSCAN (Becton-Dickenson) to determine the
proportions of Thy-1+, L3T4 + , and Ly-2+ cells in these tissues.
The T cell subpopulations were detected with FITC-conjugated
MAb using standard techniques. In order to present FACSCAN
graphic results as a single number, the percentage of lymphoid cells
bearing T-cell markers in norma! CBA mice was determined within
gated limits and compared with the percentage of these populations

falling within the same gates in cells isolated from MAb and
ida-MAb-treated animals.

Separate groups of mice were given Balb/c cardiac allografts
either 1 or 30 days after the commencement of treatment. Donor
hearts were transplanted heterotopically into the recipient mouse's
abdomen using microvascular techniques, and heart function was
monitored by daily palpation and regular ECGs.J

RESULTS AND DISCUSSION

In examining the changes to T cell populations in lymphoid
organs after in vivo treatment of animals with anti-Ly-2.1
MAb or ida-MAb, the two reagents were seen to have similar
effects. Both caused a transient depletion of thymic T cells.
In normal animals, 74% of thymic cells fell within the
Thy-1+ peak, whereas in MAb and ida-MAb-treated mice,
approximately 40% of thymic cells were within the normal
Thy-1 + thymic T cells (Table 1). Since most thymic T cells
were Thy-1 +, L3T4 + , Ly-2 + , decreased numbers of Thy-
1 + cells following anti-Ly-2 treatment indicated T cell
depletion. Most thymic T cells in the treated mice were
Thy-1+, L3T4-t-, Ly-2— . Binding of FITC-anti-Ly-2.1 to
these cells was probably blocked by anti-Ly-2.1 already

From the Department of Surgery and the Research Centre for
Cancer and Transplantation, University of Melbourne, Australia.
Supported by grants from the National Health and Medical

Research Council and the Victor Hurley Medical Research Fund,
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Table 1. Percentage of Thy-1 + , L3T4 + , and Ly2+ T Cells Detected 3, 18, or 44 Days After Commencement of
Treatment and in Normal, Age-Matched Controls

Day Stain

Normal lda-Ly-2.1a Ly-2.1"

Thymus Spleen
Lymph
Node Thymus Spleen

Lymph
Node Thymus Spleen

Lymph
Node

3 Thy-1 74.3 53 57 6 42.2 50.4 33.3 41.4 51.4 34.3

L3T4 70 5 30.8 38 9 45 39.4 36.1 32.5 34.2 35.7

Ly-2 68.8 21 15.8 16.6 13.6 2.8 12.3 17.2 3.9

18 Thy-1 78.1 50.2 50.9 36.4 36.7 53.6 45.6 49.7 52.4

L3T4 60.9 33.1 40.4 24.6 27.5 43.6 43.6 37.4 51.1

Ly-2 60.6 19.6 16.6 11.9 9.6 2.3 3.1 7.2 2.4

44 Thy-1 73.5 43.9 56 4 75.1 33.8 47.8 78.4 46.7 43

L3T4 73.2 22.6 31.5 72.8 22.1 48.5 73.3 40.3 32.1

Ly-2 70.1 16 19.3 58.7 12.7 0.7 65.4 0.4 5

aCBA mice treated with ida-Ly-2.1 (80/tm ida + 4 mg MAb total dose).
"CBA mice treated with anti-Ly 2.1 MAb (4 mg total dose).
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Table 2. Survival of Balb/c Heart Grafts in CBA Mice Treated with MAb or Ida-MAb

Group Treatment Time of Graft Survival (Days) MST ± SE

1 None 10. 11, 12, 12, 12, 13, 18 12.5 ± 2.3

2 Ly-2.1s Day O 8. 9. 13, 16, 21, 27 15.6 ± 7.3

(4 mg)
3 ida-Ly-2.1a Day 0 22, 64, 75, 76, 100 67.4 ± 28.5

(80 ug-4 mg)
4 ida-Ly-2.1" Day 30 12, 12, 14, 16 13.5 ± 1.9

(80 ng-4 mg)
"One fourth of total dose given i.p. on days —1,0, +1, +2.

bound to the cell, since L3T4 + , Ly-2— cells were present in
much greater numbers than expected for cells of this pheno-
type (40% compared to 15%). The thymic T cell phenotype
had returned to normal by 44 days after the start of
treatment. Although antibody in the peripheral circulation
may not always reach the thymus,5,6 there have been a
number of instances where thymic cell populations were

changed by antibody administration. Drugs, such as CyA,
can deplete thymic T cells, and recovery time after a single
treatment has been reported at 50 days,8 similar to the
recovery time observed here.
In the spleen and lymph nodes of treated mice, there were

no significant changes in the numbers of Thy-1 + or L3T4 +
cells and, therefore, no depletion of the T cell population.
There was a substantial and sustained decrease in the
number of Ly-2.1 cells detected during and after treatment.
This was probably caused by blocking of the surface Ly-2
protein by anti-Ly-2.1, and the effect was still present 44
days after the start of treatment (Table 1). Others have
observed long-term blockade of peripheral T-cell markers
and subsequent lack of T-cell function in vivo with both
anti-Ly-25 and anti-L3T4 antibodies.9 In these studies,
blocking antibody remained on the cell surface, cells were not
depleted, and functional recovery took up to 90 days.

Despite similar T cell changes in the lymphoid tissues of
mice treated with MAb or ida-MAb, the treatment had
markedly different effects on allograft survival. Anti-Ly-2.1
caused an insignificant increase in the survival of Balb/c
hearts in CBA mice (from 12.5 to 15.6 days, p > 0.5),
whereas ida-MAb increased mean graft survival time to 67
days with allografting 1 day after treatment commenced.
There was no improvement in graft survival when grafts were
placed 30 days after the start of ida-MAb treament (Table
2). Ida-MAb also improved skin allograft survival, whereas
anti-Ly-2.1 MAb did not.3 In contrast to its in vitro effects,

ida-MAb was not cytotoxic to most Ly-2 cells in vivo. It may
kill a small subpopulation of T cells activated against the
allograft and thus provide specific protection for the graft.
Recovery of the ability to reject allografts after ida-MAb
treatment corresponded with the time of thymic T cell
recovery and suggested that small numbers of new, un¬
blocked cells arriving in the periphery from the thymus
restored immune function. These hypotheses currently are
under investigation.
The effects of T cell-directed reagents on thymic T cell

populations must be considered when these reagents are
used, and further investigations into the role of noncytotoxic
MAb, which block T cell functions, are required. These
results also emphasize the difference between in vitro and in
vivo effects of monoclonal reagents and show the importance
of testing such immunosuppressive treatments in animal
models of transplantation.
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IMMUNOSUPPRESSIVE AND CARDIOTONIC EFFECTS OF CYCLOSPORINE IN CBA MICE1

Although CsA is a potent immunosuppressive agent in clin¬
ical and experimental treatment of allograft rejection (1), its
use is associated with nephrotoxicity, neurotoxicity, and hepa-
totoxicity (2). No general cardiotoxic effects have been re¬
ported, but our studies (3, 4) and others (5) have shown strain-
specific myocardial calcification and fibrosis in mice treated
with high doses of CsA. Similar damage has been observed in
a few cardiac transplant patients treated with cyclosporine (6,

1 This work was supported the National Health and Medical Re¬
search Council of Australia and the Victor Hurley Medical Research
Fund.

7) suggesting that some patients may be susceptible to CsA
cardiotoxic effects. The work reported here further investigates
the link between tissue calcium levels, CsA dosage, and immu¬
nosuppressive effects in CBA mice, which are susceptible to
the cardiotoxic effects of CsA.
CBA (H-2k), C57BL/10 (H-2b), and BALB/c (H-2d) mice

were bred at the Ludwig Institute for Cancer Research, Mel¬
bourne, from stock obtained from the Walter and Eliza Hall
Institute for Medical Research, Parkville Australia. Mice were

treated with CsA (Sandoz Ltd, Basel, Switzerland) at doses of
100, 50, or 25 mg/kg administered subcutaneously. The crys¬
talline CsA powder was dissolved in medium-chain triglyceride
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(MCT)* oil (Mead Johnson, Australia) and given s.c. in 0.05
ml every second day for 20 days. Graft recipients (CBA) were
treated from 0 to 20 days, with grafting of allogeneric BALB/c
hearts on day 8. Heterotopic heart transplants were carried out
as described previously (8) with donor hearts vascularized by
anastomosis to recipient vessels in the abdominal cavity. Heart
function was monitored by palpation and ECG readings (9).
Hearts removed for histology were dissected, fixed in Bouin's
solution, and dehydrated in ethanol (70%). Paraffin sections
were prepared and stained with Masson's trichrome or hema¬
toxylin and eosin. Survival times for grafts in different treat¬
ment groups were compared using the Mann-Whitney nonpar -
ametric test.
Tissue calcium levels were assayed by atomic absorption

spectrophotometry as previously described (10) and were com¬

pared using Student's t test with one-way analysis of variance.
Tissue calcium levels in native CBA hearts were measured at
two time points—one at 24 hr after the completion of CsA
treatment (21 days) and the other three weeks later (42 days).
The levels of CsA in heparinized whole-blood samples were
measured using a Sandoz cyclosporine RIA kit. The assay is
based on the principles of competitive binding.
In a previous study (3) we observed focal areas of fibrosis

and calcification in the native hearts of CBA mice treated with
100 mg/kg CsA for 20 days. This observation was confirmed—
and similar, but less extensive, lesions were observed in mice
treated for 20 days with 25 or 50 mg/kg CsA. Macroscopically,
hard white bands of calcification were randomly distributed
throughout the myocardium. Microscopic examination of sec¬
tions stained with Masson's trichrome revealed calcium depo¬
sition associated with interstitial fibrosis in perivascular re¬

gions of the ventricularmyocardium. Lesions were less frequent
in animals treated with 25 and 50 mg/kg CsA, compared with
those treated with 100 mg/kg CsA. Progressive damage with
time after CsA treatment was observed, and animals treated
with 25 mg/kg had larger areas of myocardial damage at 42
days than those examined at 21 days. No macroscopic or
microscopic evidence of calcification or fibrosis was found in
native hearts of BALB/c or C57BL/10 animals treated with
100 mg/kg CsA for 20 days.
Tissue calcium levels reflected the histological findings.

There was no increase in tissue calcium with time in age-
matched normal or MCT-treated CBA animals (Table 1, groups
1 and 2). At each time point, tissue calcium levels increased
with the CsA treatment dose and all three doses (groups 3-5)
produced calcium concentrations significantly higher than in
untreated controls. CsA doses of 25 and 50 mg/kg caused
increases of 57% and 43%, respectively, in tissue calcium levels
in the 42 days after commencement of treatment. The calcium
deposition for 100 mg/kg CsA was probably at a maximum
level and no increase was seen with time.

Continuing damage to the myocardium after cessation of
CsA treatment may have been due to the continued presence
of CsA in the tissues. This lipophilic molecule accumulated as
treatment progressed and was still present at high concentra¬
tions in the blood 6 days after cessation of treatment. In mice
treatedwith 100 mg/kg CsA, blood levels of CsA did not return
to normal until 30 days after the last dose of CsA (Fig. 1).
Studies of CsA tissue distribution have shown accumulation of

* Abbreviations: MCT, medium chain triglyceride; MST, mean sur¬
vival time.

Days

Figure 1. Cyclosporine whole-blood levels in CBA mice treated
with 100 mg/kg (•), 50 mg/kg (□), or 25 mg/kg (■) dissolved in MCT
oil and given subcutaneously on days 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, and
20. Mice were bled 24 hr after CsA injection, and CsA levels determined
by radioimmunoassay.

the drug in fatty tissue and continued release into the blood
after cessation of treatment (11). This could account for the
continued damage observed in long-term CsA treatment, where
short-term CsA causes reversible damage, but long-term treat¬
ment leads to significant lesions (2). Interstitial fibrosis has
only been reported in transplanted hearts (7) and kidneys (12)
in patients treated with CsA for longer periods (>6 months).
Although no damage was seen after a short 4-day treatment of
CBA heart allograft recipients (3), CBA mice treated with 100
mg/kg CsA for 20 days showed both interstitial fibrosis and
myocardial calcification in native and donor hearts. This was

associated with 20 times the normal tissue calcium levels for
heart muscle. In the other two strains of mice examined, blood
levels of CsA showed the same accumulation with time (data j
not shown), hut there was no histological evidence of myocar¬
dial calcification 42 days after treatment.
Individual variation in responses to cyclosporine has been

shown in clinical studies with varying susceptibility to cyclo¬
sporine in mixed lymphocyte cultures (13), and in experimental
studies in rats, where CsA blood levels did not correlate with
the extent of the nephrotoxicity and hepatotoxicity (14). This
suggests that genetic differences in an individual's ability to
metabolize cyclosporine causes variation in the toxic effects. In
mice, which are inbred, this is revealed as strain variation in
susceptibility to CsA toxicity. Genetic differences may also
account for the variation in individual lymphoid responses to
CsA in man (13).
CsA-associated myocardial damage reached significant levels

at doses of CsA (25 and 50 mg/kg) that are ineffective in
prolonging cardiac allograft survival, although cardiac xeno¬
graft survival can be increased with doses of 20 mg/kg CsA
(15). A small, but not significant, increase in graft survival
time was observed in recipients treated with 25 mg/kg or 50
mg/kg (Table 1, groups 3 and 4) but only the most-toxic, 100
mg/kg dose of CsA produced a consistent improvement in
cardiac allograft survival in this strain combination (Table 1,
group 5). Similar myocardial damage has now been reported in
humans (6, 7, 16), where much lower doses of CsA were used
(5-10 mg/kg/day posttransplantation). Diffuse perimyocytic
fibrosis was observed clinically in most transplanted, but not
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Table 1. Tissue calcium levels and BALB/c cardiac allograft survival times in CBA mice treated with cyclosporine

Group

Tissue calcium (pmol/g dry weight)"
Treatment at 21 days

(MST ± SD)
P values

at 42 days P
(MST ± SD) values

Graft survival
(days)'

MST ± SD P values

1 Nil 4.6 ± 3.4 2.1 ± 0.7 10,10,10,10,11 10 ± 0.5

2 MCTe 2.1 ± 0.5 2.2 ± 0.4 11,13,15,19,21 15 ± 4.2 0.04®

3 CsA, 25 mg/kg'' 9.8 ± 1.9 <0.05® 23.0 ± 6.0 <0.05® 10,14,17,18,20,27 17.5 ± 5.8 0.03®

4 CsA, 50 mg/kgrf 26.9 ± 5.1 <0.05® 47.9 ± 9.6 <0.05® 21,22,24,37,56,100 30.5 ± 30.8 0.05®

5 CsA, 100 mg/kgrf 102.5 ± 17.0 <0.05® 92.5 ± 17.3 <0.05® 30,30,76,76,77,80,80,82 76.5 ± 22.5 0.0002®

° 8-10 mice/group.
' BALB/c cardiac allografts performed on day 8 of the treatment program.
' MOT, 0.05 ml given s.c. days 0,2,4,6,8,10,12,14,16,18,20.
d CsA, dissolved in MCT and given as above.
® Compared with group 1.

native, hearts at 50 days postgrafting (7) and in renal allografts
after long-term CsA treatment (12, 16). It has recently been
reported that some human heart transplant recipients receiving
cyclosporine develop myocardial calcification similar to that
described in the mouse model for cardiac transplantation (4, 5,
6).
Calcification in CsA treated animals is probably due to

disruption of mitochondrial adenosine triphosphate metabo¬
lism leading to a shut-down of the cell membrane's sodium
pump and an influx of calcium into the cell following myocar¬
dial ischemic damage. Calcium phosphate crystals then form in
the mitochondria and eventually in other parts of the cytoplasm
(17). Evidence that calcium blockers can reduce CsA toxicity,
possibly by reducing the ischemic damage in the immediate
posttransplant period, supports this idea (18). Damage may be
localized, with areas of normal muscle functioning beside focal
calcification (3).
Binding of CsA to cell membranes within the cytoplasm is

dependent on the calcium binding protein calmodulin (19).
CsA inhibits the ability of calmodulin to activate phosphodi¬
esterase and other calcium-dependent enzymic reactions. T
lymphocytes, which bind CsA via a specific protein (cyclo-
philin), are not damaged by CsA—possibly because cyclophilin
acts as a sink to remove CsA from the cellular processes. Cells
with low levels of cyclophilin may be more susceptible to CsA
toxic damage and the continued influx of calcium that eventu¬
ally damages mitochondria and leads to accumulation of cal¬
cium in the tissues—i.e., low levels of cyclophilin may allow
cytoplasmic CsA to bind to calmodulin, inhibiting its function.
In summary, CsA can accelerate calcification in areas of

myocardial ischemic damage. Some strains of mice are more

susceptible to this process than others, possibly because of
genetic and somatic variations in calcium metabolism and
vascular structure. With recent reports of calcification in some
human heart transplants, careful monitoring of cardiac histo¬
logical status and function and studies of the mechanism(s) of
myocardial calcification in CsA-treated animals are required.
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These studies extended our earlier observations and showed that

splenic T suppressor cells were induced by donor-specific blood

transfusion and that these cells played a role in maintaining long-term

tolerance of cardiac allografts.
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T SUPPRESSOR CELLS INDUCED BY TRANSFUSIONS AND
CYCLOSPORINE

Studies in the Murine Cardiac Allograft Model1

Patricia L. Mottram,2 Angela Mirisklavos, Lynette J. Dumble, and Gordon J. A. Clunie

Department of Surgery, University of Melbourne, Royal Melbourne Hospital, Parkville, 3050, Australia

Pregraft transfusion combined with immunosuppres¬
sion at the time of grafting improves the survival of
clinical and experimental allografts. The mechanisms
responsible for this effect were investigated in the mu¬
rine model of cardiac transplantation, combining trans¬
fusions 7 to 30 days prior to transplantation with cyclo-
sporine 100 mg/kg, 7 to 20 days pregraft or on days 0,
4, and 6 after grafting. Pregraft DST, third-party blood,
and CsA all improved graft survival in the BALB/c-to-
CBA donor-recipient combination. In animals treated
with DST at 14 days pregrafting, 4/9 grafts survived
for >100 days. In those given C57BL/6 blood, or CsA on
days 0, 4, 6 postgraft, 1/9 grafts survived for >100
days. When 107 spleen cells from DST-treated CBA mice
with long-surviving BALB/c heart grafts were trans¬
ferred to naive CBA mice that then received a BALB/c
heart 24 hr later, the transferred cells prolonged graft
survival, with all grafts functioning at >40 days, and 4/
7 at >100 days. Selective removal of T cells from the
spleen cell population prior to transfer showed that
L3T4+ T cells, but not Ly-2+ T cells, were required to
maintain BALB/c allografts. Combining a short course
of CsA with DST was more effective than either treat¬
ment alone. The most effective combined treatment was
DST at day —14 with 100 mg/kg CsA given on days 0,
4, and 6 postgrafting (8/10 grafts survived >100 days).
This treatment also induced splenic suppressor T cells
of the L3T4+ Ly-2~ phenotype. These results clearly
show that L3T4+ splenic T suppressor cells are induced
by donor-specific blood transfusion with or without CsA
treatment, and that these cells play a role in maintaining
long-term tolerance to allografts in the mouse heart
transplant model.

One of the aims of experimental transplantation is to allow
permanent allograft acceptance with short-term immuno¬
suppression. In rodent heart and kidney allograft models this
has been achieved using various combinations of donor tissue
injected into recipient animals prior to allografting, combined
with immunosuppression at the time of grafting (1-3). Trans¬
fusions of either unrelated (4) or donor-specific blood (5) prior
to organ transplantation are known to improve human renal
(4, 5) and heart (6, 7) allograft survival, and this effect has
been seen in a number of animal models (8-11). Although the
mechanism of the transfusion effect is not clear at present,
suppressor cells have consistently been demonstrated in trans¬

1 This work was supported by the National Health and Medical
Research Council of Australia and the Victor Hurley Medical Research
-Fund.

2 Address correspondence to: P. L. Mottram, Ph.D., Department of
Surgery, Royal Melbourne Hospital, Parkville 3050, Australia.

fused, allografted animals and these cells must play a major
role in maintaining allografts (12). With the introduction of
CsA the value of transfusions in clinical transplantation has
become controversial (13,14). Combinations of CsA and trans¬
fusions give varying degrees of immunosuppression depending
on the timing, dosage, and animal model studied (15).
In previous studies of responses to alloantigens in mice we

have shown that a short course of CsA (100 mg/kg on days 0,
4 and 6) reduced blood transfusion-induced delayed-type hy¬
persensitivity to background levels, and that DTH suppression
could be adoptively transferred to naive mice by Ly-2+ T cells
(16). The results presented here show that these suppressor T
cells do not prolong the survival of donor-strain skin or heart
allografts. Although the short course of CsA, DST alone, and
the combination of these treatments did not improve the sur¬
vival of BALB/c skin grafts on CBA mice (17), a 20-day course
of 100 mg/kg CsA given every second day, DST, and third-
party transfusions alone all improved the survival of heart
grafts in this strain combination. Synergy of immunosuppres¬
sive effects was demonstrated here between pregraft transfu¬
sions, either third-party or DST, and a short course of CsA.
This study investigates the mechanism of interaction of these
agents by analysis of T cell function in mice with long-surviving
allografts.

MATERIALS AND METHODS

Mice. BALB/c (H-2d), CBA (H-2k), and C57BL/6 (H-2b) inbred
strains of mice were obtained from the Walter and Eliza Hall Institute
for Medical Research, Melbourne, Australia, and were kept according
to the ethical guidelines of the National Health and Medical Research
Council of Australia. Male mice 8-10 weeks of age were used in all
experiments.
Immunosuppression. Transfusions of fresh heparinized whole blood

were given in 0.1 ml volumes via the tail vein. The crystalline powder
of CsA was dissolved in medium-chain triglyceride (MCT)* oil (Mead
Johnson, Australia) and given subcutaneously at a dose of 100 mg/kg
(17).
Adoptive transfer of cells. Donor mice were sacrificed and their

spleens removed. Single-cell suspensions were prepared and either
transferred intravenously to naive recipient animals (107 cells per
animal) or treated to remove subsets of cells prior to transfer. Recipi¬
ents were challenged with alloantigen using fresh spleen cells injected
i.v. or s.c., a skin graft, or a heterotopic heart graft, 24 hr after cell
transfer. Each recipient received cells from one donor only; cells were
not pooled before transfer. Responses were compared with those in
mice receiving transfers of isologous cells or no cells.
Monoclonal antibody treatment of transferred cells. Cytotoxic mono¬

clonal rat antimouse Thy-1 (30H-12, IgG 2b) anti-L3T4 (GK1.5, IgG

* Abbreviations: MCT, medium-chain triglyceride; MST, mean sur¬
vival time.
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2b) and mouse antimouse Ly-2.1 (D9, IgG 2a) were obtained from the
Walter and Eliza Hall Institute for Medical Research and from the
Research Centre for Cancer and Transplantation, University of Mel¬
bourne, and were used at a concentration of 1/10 or 1/20 in PBS.
Spleen cell suspensions (5 x 107/ml) were mixed with an equal volume
of diluted monoclonal antibody and kept on ice for 30 min. The cells
were washed (5 min, 1500 rpm) made up to 2.5 x 107/ml with 1/5
diluted baby rabbit serum (from the Walter and Eliza Hall Institute)
as a source of complement, and incubated at 37°C for 30 min, washed
again, and resuspended to the required cell concentration for i.v.
injection. Treatment with complement alone removed less than 2% of
the cells and did not abrogate transfer of suppression.
Heart transplantation. The donor ascending aorta was anastomosed

to the recipient abdominal aorta and the donor pulmonary artery to
the recipient inferior vena cava using microsurgical techniques (19).
Grafts were monitored by palpation and electrocardiography, with the
day of rejection recorded as the first day on which there was no electrical
activity or palpable heartbeat (20). Hearts were prepared for histology
by fixation in mercuric formaldehyde, and parafin sections were pre¬

pared and stained with Masson's trichrome or hematoxalin and eosin.
Median survival times were compared using the Mann-Whitney U test,
since the data were not normally distributed. Groups were classed as

significantly different at P < 0.05.
Skin grafts. Donor tail skin was dissected into 5-mm squares. The

flanks of recipient mice were shaved, and a graft bed prepared by
removing a 5-mm square of superficial skin. The graft was placed in
the bed and secured with a Band-aid (Johnson & Johnson) (17).
Dressings were removed at 5 days and graft survival assessed daily
until all of the tissue was necrotic. Survival times were expressed as
mean ± SD, and results were compared using Student's t test (normal
distribution of data).

Delayed hypersensitivity to alloantigens. DTH in mice sensitized by
a subcutaneous injection of 3 X 107 spleen cells or 0.1 ml of heparinized
whole blood, was measured 6 days later by challenging the immunized
mice with the same antigen in the footpad and measuring footpad
swelling 24 hr later (16). Results for footpad swelling were expressed
as mean increase (A) in thickness (left minus right footpad x 10-2 mm)
± SD and compared using Student's t test.

RESULTS

Improved survival of BALB/c allografts in CBA recipients
treated with DST, third-party blood, and CsA. As shown in
Table 1, hearts in untreated recipients and those given isolo-
gous blood normally survived for 7-11 days (groups 1-3). In
animals treated with DST at the time of grafting (day 0, group
4) there was no improvement in graft survival, but in those
transfused with donor blood 14 days before grafting, all grafts
were functioning at 20 days, and 4/9 grafts survived for >100
days (group 5). Transfusion of unrelated C57BL/6 blood was

significantly less effective than DST but did improve graft
survival compared with untreated controls (group 6 compared
with group 3, P < 0.05), with 5/9 grafts functioning for more
than 20 days and 1/9 grafts functioning at 100 days.
CsA treatment, 100 mg/kg on days 0, 4, and 6 postgrafting,

also improved graft survival, but only 3/9 grafts survived for
>20 days and 1/9 survived >100 days. This was not significantly
different from the results with third-party transfusion (group
6 compared with group 7, P > 0.05), and this short postoperative
course of CsA was less effective than preoperative DST (group
7 compared with group 5, P < 0.05).
Although CsA given at the time of pregraft DST reduced the

immunosuppressive effect of the transfusion (group 5 compared
with group 8, P < 0.05), combining pregraft DST with CsA
treatment given at the time of grafting (group 9) gave signifi¬
cantly better graft survival than either treatment alone, with

Table 1. Treatment of CBA recipients with blood and/or CsA prior
to BALB/c cardiac allografting

Group Treatment Survival times (days) Median

1 None 10, 10, 10, 10, 10, 11 10

2 CBA blood," day 0 7, 8, 8, 9, 9, 9, 10, 10, 10 9

3 CBA blood, day -14 7, 8, 10, 10, 10, 10 10

4 DST, day 0 7, 8, 10, 11, 11, 12, 12 11

5 DST, day-14 29, 32, 32, 32, 50, 100, 100, 50

100, 100

6 C57BL/6 blood, day 10, 13, 13, 16, 27, 30, 35, 27

-14 66, 100
7 CsA,6 0, 4, 6 days 10, 12, 14, 14, 15, 15, 34, 15

39, 100
8 CsA, -14, -10, -8 days 10, 13, 13, 14, 23, 32, 32, 42 18.5

DST, -14 days
9 CsA, 0, 4, 6 days 26, 64, 100, 100, 100, 100, 100

DST, -14 days 100, 100, 100, 100
10 CsA, 0, 4, 6 days 30, 47, 48, 49, 70, 100 48.5

C57BL/6 blood, -14
days

° 0.1 ml of heparinized whole blood i.v.
b 100 mg/kg in MCT oil, given s.c.

8/10 grafts surviving for >100 days (group 9 compared with
groups 5 and 7, P < 0.05 for both). Combining pregraft third-
party blood with CsA also showed a synergistic effect, with all
grafts surviving for >30 days (group 10 compared with groups
6 and 7, P < 0.05 for both). All of the long-surviving grafts
showed histological evidence of chronic rejection at 100 days,
with confined areas of cellular infiltrate, fibrosis, and scarring,
and all hearts had reduced pulse rates.
Adoptive transfer of spleen cells from DST and DST-plus-

CsA treated animals. CBA mice transfused with BALB/c blood,
with and without CsA treatment, showed different immune
responses depending on how they were challengedwith a second
exposure to BALB/c antigen. In Table 2, group 2, 40 CBA mice
were transfused with BALB/c blood. Of these, 20 were used for
immediate challenge and 20 for cell transfer experiments. Three
groups were challenged with alloantigen at day 7, either by a

footpad intradermal injection with DTH response measured at
24 hr, or by being grafted with skin or given a vascularized
heart graft. DTH responses showed sensitization and skin graft
survival was slightly reduced, also indicating senstivitiy to the
antigen, but cardiac allografts given 7 days after transfusion all
survived for >20 days, with a median survival time of 70 days,
compared with 11 days in untreated animals (group 1 hearts
compared with group 2, P < 0.01). For group 3, 40 mice were
treated with DST at —7 days and CsA on days —7, —3, and —1.
Three groups were challenged on day 0 and examined for DTH
responses and the survival of skin and heart grafts. The short
course of CsA given at the time of transfusion abrogated the
DTH response, returned skin graft survival to normal (but did
not improve it), and tended to reduce heart graft survival
compared with treatment with DST alone (group 3 hearts
compared with group 2, P = 0.07). Hearts in group 3, with all
grafts functioning at 12 days, still survived significantly longer
than in untreated animals (group 3 hearts compared with group

1, P < 0.01), but the suppressive mechanisms that prolonged
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Table 2. Spleen cell transfers from DST- and CsA-treated CBA
mice into naive CBA recipients, which were then challenged with

BALB/c alloantigens
DTH

footpad Skin
Group Treatment swelling survival (days

(mm X 10"2) [mean ± SD])
[mean ± SD])C

Heart
survival

(days
[median])

1 None
2 BALB/c blood," —7 days
3 BALB/c blood, —7 days

CsA,6 —7, —3, —1 days
4 BALB/c blood, —30 days
5 BALB/c blood, —30 days

CsA, -20, -17, -14
days

3.0+1.0 (5) 9.3±0.5 (5) 11.0 (5)
21.0±2.0 (5) 8.8±0.3 (5) 70 (7)
4.0±0.9 (5) 9.8±0.3 (5) 32.5 (7)

5.0±3.9 (5) 11.5±3.0 (5) 10.0(5)
3.2±0.8 (5) 11.0±6.6 (5) 9.0 (5)

Cells transferred from the above
6 107 cells from group 1 at

7 days
7 107 cells from group 2 at

7 days
8 10' cells from group 3 at

7 days
9 107 cells from group 4 at

30 days
10 107 cells from group 5 at

30 days

treatment groups to naive CBA mice:
3.7±0.4 (5) NDd 10 (5)

18.2±4.0 (5) 9.5±0.2 (5) 7 (5)

4.4±0.5 (5) 10.1+0.3 (5) 9.0 (5)

ND ND 13 (6)

ND ND 11 (6)

"0.1 ml of fresh heparinized whole blood given i.v.
b 100 mg/kg CsA in MCT oil injected s.c.
"

Mean ± SD (number of animals per group).
i ND: not done.

heart graft survival in the DST-treated group were not as active
in the DST-plus-CsA-treated group.
In group 4, DST 30 days prior to donor antigenic challenge

did not produce a significant DTH response, (P > 0.05, group
4 DTH compared with group 1) or prolong skin or heart graft
survival. DST at —30 days with CsA at —20, —16, and —14 days
(group 5, 25 animals) also had no significant effect on responses
to donor antigen (group 5 compared with group 1, all P > 0.05),
showing the transient changes in immune responses caused by
these treatments.
When spleen cells from group 2 (treated with DST at —7

days) were transferred to recipient animals (group 7), challenge
with donor antigen 24 hr later showed adoptive transfer of
DTH responses, no change in skin graft survival times and a
small decrease in heart allograft survival (P = 0.06, group 7
hearts compared with group 6), showing that Ts were not
present in the spleens 7 days after allografting in any of the
animals tested. Spleen cell donors from group 3, treated with
DST on day —7 and CsA on days —7, —3 and —1, could not
adoptively transfer DTH responses to naive recipients, but
transferred cells had no effect on the survival of skin or heart

-grafts (group 8 hearts compared with group 6, P > 0.05).
-Previous studies have shown that Ly2+ Ts are present in this
group and that these Ts can transfer suppression of DTH
responses (15). Thus these Ts do not prolong heart or skin
-graft survival in our experimental system.

Cells from mice treated with DST or DST and CsA from 30
to 14 days prior to cell transfer (groups 4 and 5) caused a slight
but not significant increase in heart allograft survival in trans¬
fer recipients (group 9 and group 10 hearts compared with
igroup 6,P> 0.05 for both). The presence of the cardiac allograft

is thus an important factor in the induction and maintenance
of cell-mediated suppression following treatment with blood
and CsA.

Adoptive transfer of cells from CBA mice with surviving
BALB/c hearts after DST or DST-and-CsA treatment. Since
spleen cell transfers from CBA mice with functioning BALB/c
hearts following DST at —7 to —14 days did not have trans¬
ferable splenic Ts at 7 days after grafting (Table 2, groups 2
and 7). Animals with functioning hearts at 21 and 30 days
postgraft were sacrificed and their spleen cells transferred to
naive CBA mice 24 hr prior to allografting (Fig. 1). These cells
improved BALB/c allograft survival, and all grafts in these two
groups survived for >40 days (7 animals [pooled data shown in
Fig. 1]). Control animals that received spleen cells from isolo-
gous CBAs prior to allografting showed no significant increase
in graft survival, with all grafts rejected by 19 days and only
1/8 surviving for >10 days. Cytotoxic removal of the Ly2+ T
cells did not change the suppressive property of the transferred
cells, but removal of the L3T4+ T cells reduced graft survival
rates to background levels (Fig. 1, 6 mice in each group). Thus
L3T4+, but not Ly-2+, T cells were essential for the transfer of
suppression from DST-treated animals with surviving allo¬
grafts.
Transfer of spleen cells from donors that were treated with

DST on day —14 and CsA, 100 mg/kg, on days 0, 4, and 6
postgraft and with allografts functioning at >30 days showed
that these spleens also contained L3T4+, Ly-2~ T suppressor
cells (Fig. 2) since spleen cell recipients (CBA) given BALB/c
heart grafts all had functioning grafts at 30 days and 2/5
survived for >100 days. Animals given spleens depleted of Ly-
2+ cells showed similar graft function with all grafts surviving
at 30 days and 2/5 functioning at 100 days. Removal of L3T4+
cells destroyed the suppressive properties of the adoptively
transferred cells and all grafts in this group (7 mice) were

rejected by 25 days, with a median survival time of 14 days.
Thus L3T4+, Ly-2~ suppressor T cells were present in the
spleens ofboth groups of animals with long-surviving allografts,
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Figure 1. Adoptive transfer of suppression was observed from mice
with DST 7-14 days pregrafting that had functioning BALB/c heart
allografts 21-30 days postgrafting. These mice were sacrificed and their
spleen cells transferred i.v. to naive recipients that were given a BALB/
c heart 24 h later (DST [—O—]). Transfer of spleen cells from normal
CBA mice did not prolong graft survival (CBA [-A-]). Cytotoxic
removal of Ly-2+ T cells from the spleen cells prior to transfer did not
remove suppressor function (Anti-Ly-2 [- - -O- - • ]), but removal of
L3T4+ x cells abrogated suppression (Anti-L3T4 [-■-]).
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Figure 2. Adoptive transfer of suppression was observed in mice
treated with DST, day —14 , plus CsA 100 mg/kg (days 0, 4, and 6)
postgrafting, which had functioning BALB/c heart allografts 30 days
postgrafting. These mice were sacrificed and their spleen cells trans¬
ferred i.v. to naive recipients given a BALB/c heart 24 hr later (DST
+ CsA [-A-]). Transfer of spleen cells from normal CBA mice did not
prolong graft survival (normal CBA [-•-]). Cytotoxic removal of Ly-
2+ T cells from the spleen cells prior to transfer did not remove

suppressor function (Anti-Ly-2 [• • -O- • ■ ]), but removal of L3T4+ T
cells abrogated suppression (anti-L3T4 [-□-]). Third-party C57/BL6
hearts, in animals given transferred cells capable of prolonging most
BALB/c hearts for >100 days, survived for <30 days (C57/BL6 [—■—]).

following DST or DST-plus-CsA treatment. These Ts were

antigen-specific and did not significantly improve the survival
of third-party C57BL/6 allografts in CBA mice, although there
was a trend toward longer survival, suggesting a minor, non¬
specific component to the suppression (median survival time
22 days compared with 13 days in untreated animals that
received C57BL/6 grafts, P > 0.05).

DISCUSSION

These results demonstrate the complex nature of responses
to alloantigens. Transfusions activate a network of cellular
responses—including effector and suppressor T cells, which
may be antigen specific or nonspecific (12). Different responses
to secondary challenge are then elicited depending on the site
of challenge and tissue used to rechallenge the animal. In mice
a single transfusion of 0.1 ml of blood 7 days prior to challenge
induces a DTH response at 7 days, with transferrable lymph
node and spleen T cells mediating the response (16). Skin
grafts placed 7 days after transfusion were rejected in 8-10 days
(Table 2 and 16), but cardiac allografts survived much longer,
with >40% of grafts functioning at 100 days. Our previous
studies (21) showed that treatment that prolonged vascularized
heart allografts was less effective in prolonging skin and pan¬
creas allografts in mice.
The mechanism of T cell suppression is not clear, but evi¬

dence suggests that Ts act by blocking Th/Tc responses to IL-
2 (22). Both L3T4+ and Ly-2+ T cell subsets are involved in
rejection of skin and heart allografts (23, 24), and both subsets
also have suppressor function (12). This suggests that Ts are
not a separate lineage of cells, since Ts induction is IL-2-
independent (25). Ts may operate by the release of humoral
factors (26, 27) and isolation and characterization of these
factors may provide biological immunosuppressive reagents.
The spleen is a primary site for the induction of suppressor

cells, and transient splenic suppressor T cells have been de¬

tected following transfusions (28-31). These Ts were generally
antigen-specific, but transfusions also produced nonspecific
effects, including suppression of macrophage function and IL-
2, but not IL-1, production (26, 25). Antiidiotype antibody
(27) and humoral factors (26) that inhibit lymphokine produc¬
tion were also induced by transfusions and may explain the
frequent observation of nonspecific suppression following
transfusion of either DST or third-party blood (32). Transfu¬
sion-induced suppressor cells in allografted animals have been
found in many transplantation models (12), strongly suggesting
that these cells play a role in allograft survival. The presence
of an allograft is essential for the maintenance of transfusion-
induced suppression (31). We found no significant improve¬
ment in graft survival when animals were grafted 20-30 days
after transfusion.

Early reports of synergy between CsA and DST (1-3) have
been supported by subsequent data. In most models, CsA given
at the time of transfusion reduced the risk of sensitizing the
recipient. CsA given at the time of grafting, with donor antigen
pregrafting, was also beneficial (15), and lower doses and
shorter courses of CsA were required to maintain allografts
when donor antigen treatment was given pregraft. Synergy
probably occurs because both DST and CsA allow the devel¬
opment of Ts, but inhibit the production of IL-2 (22, 23). In
this study DST pregrafting and CsA at the time of grafting was
the most effective treatment, suggesting that Ts induced by
DST functioned in the presence of CsA, but CsA given with
DST pregrafting did not allow effective Ts development. The
high dose of CsA used here may have caused this, since others,
using lower doses of CsA, have shown Ts development with
DST and CsA given at the same time (24, 30). Ito (33), using
donor antigen extract and 3-day cycles of CsA before and after
grafting, found CsA and antigen given 1 day prior to grafting
to be most effective. CD8+ Ts cells appeared at 10 days post-
grafting and both CD8+ and CD4+ Ts were present at day 30,
associated with a decrease in allospecific Tc at day 30.
Permanent allograft tolerance can be achieved in animal

models of transplantation using CsA and biological reagents,
as shown by the recent work of others (34) and the data
reported here. Our data show that an L3T4+, Ly2" Ts cell
subset developed in both DST and DST-plus-CsA treated ani¬
mals, but more animals in the latter group developed long-term
allograft tolerance. The data presented here do not exclude the
possibility that both T cell subsets are involved in immuno¬
suppression, as described by others (12, 33). This study pro¬
vides further evidence of the role of splenic Ts in preventing
allograft rejection and shows that a short course of immuno¬
suppression, combining CsA with donor antigen, can produce
long-term changes in T cell responses in the presence of an
allograft. Such data provide hope that organ allografts can be
maintained after cessation of immunosuppression in larger
animals.
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Immunosuppression by Anti-CD8 (Ly-2.1) MAb Conjugated to
Idarubicin: Studies in the Mouse Heart Graft Model

P.L. Mottram, G.A. Pietersz, L.J. Purcell, G.J.A. Clunie, and I.F.C. McKenzie

ANUMBER of monoclonal antibodies (MAb) bindspecifically to lymphocyte subsets but do not inhibit
lymphocyte function.' When coupled to cytotoxic drugs
such as idarubicin (ida), such MAb can be highly specific
cytotoxic reagents in vitro.2 We have previously tested an
ida-anti-CD8 (Ly-2.1) immunoconjugate (IC) for its effects
on CD8+ T cells in vivo, and on heart and skin allograft
survival in mice, and shown that the conjugate was more
effective in prolonging allograft survival than the MAb.3'4
FACSCAN studies of lymphoid cells from CBA mice
treated with anti-Ly-2.1 or ida-anti-Ly-2.1 showed that
both reagents bound to, but did not kill, CD8+ spleen and
lymph node cells for more than 40 days, and both caused
a transient depletion of thymic CD8+ and CD4+ cells for
30 to 40 days.3 CBA mice transplanted 30 days after
treatment rejected BALB/c hearts in 13 days, indicating
that a normal immune response to the graft was possible by
day 30.3 Since the thymic T-cell population also returned
to normal at this time, we postulated a repopulation of the
peripheral T cells from the thymus as the mechanism for
restoring immune function. To investigate this, heart grafts
were performed in two groups of adult thymectomised
mice, with or without ida-MAb treatment after thymec¬
tomy.

MATERIALS AND METHODS

Mouse anti-mouse Ly-2.1 (clone 1302, IgGl) was obtained from
the Research Centre for Cancer and Transplantation, Department
of Pathology, University of Melbourne. Ida-MAb was prepared as

described previously with four to six ida molecules per antibody
molecule.3 Male mice, 8 to 10 weeks old, and 20 g ± 2 g in weight,
were treated with MAb given intraperitoneally (IP) as four 0.25-
mg doses on days -1,0, +1, +2 (total dose 1 mg); ida-MAb was
also given IP over 4 days (total dose, 10 /xg ida, 1 mg MAb). Mice
were given cardiac allografts on days 0, 15, or 30. Donor hearts
were transplanted heterotopically into the recipient mouse's ab¬
domen using microvascular techniques5 and heart function was
monitored by daily palpation and regular ECGs.6 Adult thymec¬
tomy was performed as described previously.7

RESULTS AND DISCUSSION

The IC, ida-anti-Ly-2.1, but not the MAb anti-Ly-2.1,
prolonged the survival of BALB/c allografts in CBA (Ly-
2.1) mice for more than 100 days. This was due to specific
binding of anti-Ly-2.1 to the CD8+ T-cell subset and not to
the action of ida, since heart graft survival was not
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Table 1. Survival of Heterotopic Heart Grafts in Mice Treated With MAb or Immunoconjugates
Graft

Group Donor Recipient Treatment Day Survival (Ds) MST P values

1. BALB/c CBA None 8, 10, 10, 14, 10 10

2. BALB/c CBA Ida-anti-Ly-2.1* 0 6 x 100* 100 .008*
3. CBA BALB/c None 9, 14, 14, 15, 16 14

4. CBA BALB/c Ida-anti-Ly-2.1 0 9, 9, 11, 12, 12 11 .095"
5. BALB/c CBA Anti-Ly-2.1§ 0 9, 10, 14, 17 12 .014"
6. BALB/c CBA Ida-anti-Ly-2.1 15 3 x 100 100

7. BALB/c CBA Ida-anti-Ly-2.1 30 12, 12, 14, 16 13 .014*
8. BALB/c CBA Thymectomy, day -2

Ida-anti-Ly-2.1
30 11, 13, 13, 18, 20 13

9. BALB/c CBA Thymectomy, day -2 11,11, 14, 14, 21 14 1.0"

'Total dose of 10 ida plus 1 mg anti-Ly-2.1 given as 1/4 dose on days -1,0, +1, +2 with grafting on day 0.
/Three of these CBA mice did not reject BALB/c skin grafts placed at 50 days: skin grafts survived for more than 50 days compared with 11 days median survival for

skin grafts in untreated BALB/c to CBA control groups.
^Compared with group 1 using the Mann-Whitney U test.
"Compared with group 3 using the Mann-Whitney L/test.
'Total dose of 1 mg given as 1/4 dose on days -1, 0, +1, +2.
'Compared with group 2 using the Mann-Whitney U test.
#Compared with group 6 using the Mann-Whitney U test.
"Compared with group 8 using the Mann-Whitney U test.

Transplantation Proceedings, Vol 22, No 5 (October), 1990: pp 2111-2112 2111
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improved in ida-anti-Ly-2.1-treated BALB/c (Ly-2.2) re¬

cipients of CBA hearts (median survival time [MST], 11
days). CBA mice with long-surviving heart grafts had
graft-specific tolerance, since BALB/c skin placed on
these mice 50 days after BALB/c heart grafts survived for
more than 50 days and heart graft function did not deteri¬
orate. BALB/c heart grafts in IC-treated CBA mice grafted
15 days after the start of treatment all survived for more
than 100 days, but BALB/c heart grafts were not pro¬
longed when grafted 30 days after the start of treatment
(MST, 13 days). Since this was the time of thymic
recovery,3 adult thymectomised CBAs were treated with
IC and given BALB/c heart grafts 30 days later. The grafts
were rejected at the normal rate, indicating that replace¬
ment of peripheral cells with thymus-derived cells was not
required for recovery of function. Although the antibody
remained bound to the CD8+ cells for more than 40 days,
the conjugate was no longer capable of killing graft-specific
dividing cells 30 days after IP injection, either because ida
was no longer attached to the MAb, or the subset of cells
killed by ida-MAb had been replaced by division of cells in

the periphery. These results show that allografts placed up
to 15 days after a 4-day course of IC anti-CD8 treatment
can be accepted permanently and that animals with long-
surviving grafts are tolerant to donor alloantigens at 100
days postgraft.
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ALLOGRAFT REJECTION AND IMMUNOSUPPRESSION

ANIMAL MODELS - RABBIT

Although the mouse models have provided information of basic

importance and interest, the responses in rodents are markedly different
from those in man, so that a different animal model is necessary to

provide results which may be more directly extrapolated to man. The dog
model which we and others have used extensively is expensive to

maintain, animals are difficult to obtain and the availability of inbred

strains is restricted. The rabbit, unlike rodents, has no Class i antigens in

its erythrocytes, like man, so that it is a more useful model in studies of

b/ood transfusion, in addition, the rabbit Class // genes can be divided

into three groups which are comparable to the human DP, DQ and DR

subgroups of man. For this reason, we have studied the effect of blood
transfusion on rabbit skin allograft survival (48) and the enhancing effects

of concomitant CsA (49,50,51,52,53,55,56), with findings on the timing

and nature of transfusion and CsA administration and dosage which have

significant clinical implications for both live and cadaver donor

transplantation, in a further attempt to provide antigen-induced allograft

tolerance, we have utilized hepatic antigen and hepatocytes in place of

blood transfusion (59). Following the development of vascular transplant

models in the form of renal allografts (57) and cardiac allografts (58),
which avoided the frequent vascular thrombosis and paraplegia which

have been a feature in previous models in the rabbit, we have also

demonstrated improved survival with concomitant CsA and blood

transfusion (54), by hepatic antigen pretreatment (59,60) and by

synthetic prostaglandins (61,62,63). We believe that the rabbit,

particularly with the development of inbred strains which are now

available to us, will eliminate the need for dog models for renal and

cardiac transplantation.
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Deletion of Graft Reactive Cells by ldarubicin-Anti-CD8 (Ly-2.1)
Immunoconjugate: Studies in the Mouse Heart Graft Model
P.L. Mottram, G.A. Pietersz, L.J. Purcell, K. Krauer, G.J.A. Clunie, and I.F.C. McKenzie

WE have demonstrated that conjugation of the DNA-intercalating anthracycline, idarubicin (IDA) to a

nondepleting anti-CD8 monoclonal antibody (MAb) trans¬
formed the MAb, which had little effect in vivo, into an
effective immunosuppressive reagent that significantly
prolonged skin,1 tumour,2 and heart3 allografts in mice.
FACScan studies showed little difference in T cell profiles
of thymus, spleen, and lymph node cells from MAb-
treated and IDA-MAb treated animals, and there was no
dramatic depletion of CD8+ T cells in mice treated with
the immunoconjugate.4 Changes in the T cell profiles of
IDA-MAb treated animals might be seen when T cells
divide in response to alloantigen. The experiments de¬
scribed here were designed to explore this possibility.

MATERIALS AND METHODS

Mouse antimouse Ly-2.1 (clone 1302, IgGl) was provided by the
Research Centre for Cancer and Transplantation.5 IDA-MAb was

prepared as described previously.2 Male mice, 20 ± 2 g in weight,
were treated with MAb given intraperitoneally (IP) as four con¬
secutive daily 1-mg doses (total dose 4 mg) or IDA-MAb given IP
over 4 days (eg, total dose 80 pg IDA, 4 mg MAb). Donor hearts
were transplanted heterotopically into the recipient mouse's ab¬
domen using microvascular techniques.6 Heart function was mon¬
itored by palpation and electrocardiogram (ECG).7
For analysis of T cell subsets, mice were sacrificed, and

single-cell suspensions of thymus, lymph node, and nylon wool
nonadherent spleen cells were examined by FACScan (Becton-
Dickenson). The T cell subpopulations were detected with FITC-
conjugated anti-Thy-1, L3T4 and Ly-2 MAb. Cells from treated
animals were compared with normal controls by calculating the
percentage difference in normal and treated peak heights at the
normal peak fluorescence intensity.

RESULTS AND DISCUSSION

In CBA mice treated with 80 /xg IDA^t mg anti-Ly-2.1 and
given a BALB/c heart transplant 10 days after treatment, T
cell subsets were assayed 10 days postgraft (20 days after
treatment), when all hearts were beating well. The T cell
profiles were compared with those of ungrafted mice
treated with a similar dose of immunoconjugate (IC) and
assayed 20 days after treatment. The latter group showed
some Thy-1+ cell depletion in the thymus (Fig 1, Al,
29.5%), spleen (A2, 10.7%) and lymph nodes (A3, 24%).
Low levels of Ly-2+ cells were detected (reduced by
98.7% in the thymus, A4; 80.9% in the spleen, A5; 87.9%
in the lymph nodes, A6). In transplanted IDA-anti-Ly-2.1
treated mice, there were less Thy-1+ cells in the thymus
(Bl, 46%), spleen (B2, 86.2%) and lymph nodes (B3,
30.2%) and higher levels of Ly-2+ cells in the thymus (B4,

Thymus

Fluorescence intensity

Fig 1. Thy-1 + and Ly-2+ cell profiles from the thymus, spleen,
and lymph nodes of CBA mice treated with (A) IC to a total dose of
60 /xg IDA plus 3 mg anti-Ly-2.1 and assayed 20 days after
treatment compared with profiles from CBA mice treated with (B)
a total IC dose of 80 /xg IDA and 4 mg anti-Ly-2.1, transplanted
with a BALB/c heart 10 days later and thymus, spleen, and lymph
nodes assayed at day 10 postgraft (20 days after IC treatment).
The solid line represents the profile from IC-treated animals, and
the dotted line represents normal controls.

65% lower than normal, untreated mice), with similar low
levels of Ly-2+ cells in the spleen (B5, 95.8% undetect¬
able) and lymph nodes (B6, 90%). The most striking
difference between the grafted and ungrafted groups was
the depletion of splenic Thy-1 + cells in the IDA-MAb
treated, transplanted mice (86.2% reduction, compared
with 10.7% in ungrafted mice) suggesting that Ly-2+ cells
in grafted mice were depleted, not blocked, by the immu¬
noconjugate.
Idarubicin attached to the MAb enters the target cell by

endocytosis. It does not inhibit protein synthesis and has
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little effect on resting cell function but becomes lethal
during cell division, so that activated T cells dividing in
response to a stimulus are deleted.8 Mice with long-
surviving heart allografts following IDA-MAb treatment
did not reject donor strain skin grafts, and the skin graft did
not change heart graft function,9 suggesting that the cells
involved in alloantigen-specific responses have been de¬
leted, leading to the establishment of permanent alloanti-
gen tolerance.
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These studies demonstrated that simultaneous donor blood

transfusion and steroid administration prolonged allograft survival,

reducing the risk of sensitization without reducing the beneficial effect of
transfusion.



PROLONGATION OF RABBIT SKIN ALLOGRAFT SURVIVAL BY DONOR BLOOD AND STEROID
ADMINISTERED BEFORE TRANSPLANTATION1

Pregraft blood transfusion appears to improve the survival
rates of renal allografts (1-3). The precise mechanism behind
this improvement has not been defined nor has the optimal
timing or number of transfusions. The major difficulty with
deliberate transfusion programs has been the risk of sensitiza¬
tion as a result of the development of cytotoxic antibodies
which either preclude transplantation or induce early acute
rejection.
These animal studies were performed to determine whether

sensitization could be avoided by the simultaneous administra¬
tion of donor-specific blood and an immunosuppressant in the
form of steroid, while still maintaining the beneficial effects of
transfusion on graft prolongation. A rabbit skin allograft model
was selected because both sensitization and graft prolongation
following blood transfusion have been demonstrated in this
system. Transfusions were donor specific on the basis that
nonspecific blood is less likely to prolong the survival time of
strongly incompatible grafts (4).
Outbred male rabbits (2 to 3 kg) were obtained from two

genetically distinct and geographically isolated colonies, recip¬
ients being New Zealand White and donors Anglo lop-eared
animals. Consistent stimulation indices greater than 7.0 in
mixed lymphocyte reaction (data not included in this report)
indicated that the two colonies were distinctly histoincompati-
ble. Blood for transfusion was collected in preservative-free
heparin on the day of administration. Recipient rabbits were
transfused via the marginal ear vein with 20 ml of donor blood.
Methylprednisolone in a dose of 12 mg/kg was added to the
transfusate or was administered in 20 ml of saline to recipients
not allocated to transfusion groups. Three circular patches (10
mm in diameter) of full-thickness skin were removed from the
recipient ear. One recipient graft patch (autograft control) and
two donor patches (also full thickness, 10 mm in diameter) were
sutured into the graft beds of the recipient ear. Grafts were
inspected daily, and rejection time was recorded as the day on
which 50% necrosis occurred.

Experimental groups were: 1, untreated; 2, 12 mg of methyl¬
prednisolone (MP) per kg i.v. 7 days pregraft; 3, 12 mg of MP
per kg peroperatively; 4, 20 ml of donor blood i.v. 7 days
pregraft; 5, 20 ml of donor blood i.v. peroperatively; 6, 20 ml of
donor blood plus 12 mg of MP per kg i.v. 7 days pregraft; and
7, 20 ml of donor blood plus 12 mg of MP per kg i.v. peropera¬
tively.
The term peroperative is used to describe treatments admin¬

istered immediately following the induction of anesthesia.
Results are shown in Table 1. Comparisons between groups

were made using a two-tailed Mann-Whitney U-test. Any dif¬

1 This work was supported by a grant from the Australian Kidney
Foundation.

ferences were considered to be statistically significant at the 1%
level ( P < 0.01). Mean allograft survival in group 1 (untreated)
animals was 7.1 ± 0.8 days. Both peroperative donor blood and
peroperative MP gave modest but inconsistent prolongation of
graft survival. Pregraft MP was ineffective. Pregraft transfusion
resulted in accelerated rejection, presumably attributable to
sensitization, in at least two of the eight animals in that group.
The simultaneous administration of donor blood and MP 7

days pregraft (group 6) resulted in a highly significant prolon¬
gation of graft survival without any evidence of acceleration of
rejection. Simultaneous administration of donor blood and MP
peroperatively (group 7) also produced significant graft prolon¬
gation without sensitization, there being no significant differ¬
ence in survival between groups 6 and 7.

Table 1. Effect of blood transfusion and/or MP treatment on rabbit
skin allograft survival

Mean allo-

Group" Treatment Allograft survival (days) vivaf+'sD
(days)

1 Nil 6 6 7 7 7 8 8 8 7.1 ± 0.8
2 MP, 7 days pre¬

graft
6 7 7 7 8 9 10 12 8.3 ± 2.0

3 MP, peroperative 7 7 8 9 9 11 11 22 10.4 ± 4.9

4 Donor blood, 7
days pregraft

4 4 6 6 6 6 10 14 7.0 ± 3.4

5 Donor blood,
peroperative

6 7 7 8 10 16 16 19 11.1 ± 5.1

6 MP + donor
blood 7 days
pregraft

6 9 10 11 12 14 18 18 12.3 ± 4.2

7 MP + donor
blood perop¬
erative

9 10 14 15 15 15 15 16 13.6 ± 2.6

" Statistically significant results at 1% level. Group 6 compared with
group 1, P < 0.008; group 7 compared with group 1, P < 0.007.

These studies show that simultaneous blood transfusion and
MP administration is more effective in prolonging allograft
survival than either used alone. The failure of pregraft blood
transfusion alone to induce graft prolongation in this model
may be attributable to the strong incompatibility demonstrated
by the high mixed lymphocyte culture, since several clinical
groups (5-7) have reported that prolongation of survival of
renal allografts is dependent on the transplantation of well
matched kidneys; no benefit being observed in recipients of
poorly matched kidneys. Prolongation of kidney transplant
survival in rats with peroperative and preoperative administra¬
tion of donor spleen cells and cyclosporin A has been demon¬
strated (8), but the application of these findings to the human
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situation is limited by the difficulties in producing sensitization
in the rat model. However, the concept that simultaneous
antigen stimulation/immunosuppression is beneficial to the
outcome of transplants is supported by unconfirmed clinical
observations (9). Ten renal allograft recipients who had not
received transfusions before an initial unsuccessful transplant
had a significantly better second graft survival rate than 29
recipients who were transfused prior to the first failed trans¬
plant. One-year graft survival rates of the two recipient groups
were 90 and 41%, respectively (P = 0.025). The number of
patients in that study is small, but the observation that a higher
graft survival rate can be achieved in patients receiving anti¬
genic stimulation in the form of blood transfusion or transplan¬
tation in the first instance while receiving steroid immuno¬
suppression may have clinical relevance.
These experimental and clinical observations suggest that

simultaneous blood transfusion and immunosuppression may
have an important place in the pregraft conditioning of potential
recipients with either deliberate or medically required blood
transfusions. In addition to reducing the risks of sensitization,
this approach does not appear to negate the beneficial effect of
pregraft or peroperative blood transfusion, and may indeed
amplify transfusion-induced graft enhancement. Additional
studies are being undertaken to determine the effect of other
immunosuppressive agents with more clearly defined actions in
the response to blood transfusion and to analyze the mecha¬
nisms behind the observed effects.

Helen P. King
Gordon J. A. Clunie
Leanne G. Bowes
Lynette J. Dumble
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Royal Melbourne Hospital
University ofMelbourne
Parkville, 3052Australia
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These experiments, using donor specific, third party or mother to

offspring transfusions, showed that CsA amplified transfusion-induced

graft-prolongation was dependent on antigen sharing between the

transfusion and allograft donors.



Concomitant Transfusion and Cyclosporine-Induced
Enhancement of Rabbit Skin Allografts:

Histocompatibility Requirements
G. J. A. Clunie, L. J. Dumble, H. P. King, L. G. Bowes, P. Masendycz, and A. Mirisklavos

SIMULTANEOUS pretransplant donor-specific blood transfusion and immuno¬
suppression have been shown to induce signifi¬
cant allograft enhancement in a number of
animal models.1"3 Some factors that deter¬
mine the extent of graft enhancement induced
by the concomitant treatment have been
determined in the rabbit skin allograft model;
Cyclosporine-A (CsA) is a more effective
immunosuppressant than methylprednisolone
with which to amplify blood transfusion-
induced graft prolongation,3 while preopera¬
tive treatment induces significantly greater
graft enhancement than pretransplant treat¬
ment.4 Although the rabbit model utilizes
outbred stains, it is still suitable for investigat¬
ing the histocompatibility requirements for
blood transfusion/CsA-induced allograft en¬
hancement. The experiments reported here
utilize preoperative treatment with CsA and
transfusion to estimate the possible relevance
of histocompatibility (antigen-sharing) be¬
tween the allograft and blood transfusion
donors, and a comparison is made with results
obtained where there is histocompatibility
between the allograft recipient and the blood
transfusion and allograft donor. The reduced
effectiveness of third-party blood and CsA,
compared with donor-specific blood and CsA,
in prolonging skin graft survival indicates that
transfusion-induced allograft enhancement is
specificity dependent. However, results from
donor-specific transfusion experiments indi¬
cate that specificities shared by the recipient
and transfusion donor may be as important as
those shared by the allograft and transfusion
donor(s).

MATERIALS AND METHODS

CsA was provided by Sandoz Company, Basel, Swit¬
zerland. The crystalline powder was dissolved in olive oil
at 50 mg/ml and injected i.m. in a dose of 20 mg/kg.

Blood transfusions were collected on the day of adminis¬
tration in preservative-free heparin and transfused (20
ml) via the marginal ear vein to recipients in appropriate
animal groups.
Outbred male rabbits (1.5-2.5 kg in weight) were

obtained from three genetically distinct (Anglo-lop eared,
Belgian half-lop, and New Zealand white) and geograph¬
ically isolated colonies. Animals from the Belgian half-lop
strain were used in a source of third-party transfusion for
Anglo-lop eared recipients of a skin allograft from New
Zealand white donors. This same donor-recipient strain
combination was also treated with donor-specific transfu¬
sion from the New Zealand white skin donors. Donor-

specific transfusions were also administered to related
recipients in a series of mother to offspring (1 haplotype
shared) allograft experiments.
Skin from donor animals was grafted to recipients in

the manner previously described.4 Grafts were inspected
daily, and rejection time recorded as the day on which
50% necrosis occurred.

Groups of recipient animals for each of the three strain
combinations were treated peroperatively with: (1) nil;
(2) CsA, 20 mg/kg; (3) blood transfusion, 20 ml; and (4)
CsA, 20 mg/kg and blood transfusion, 20 ml.

RESULTS

Comparisons between groups were made
using a two-tailed Mann-Whitney U test.
Differences at the 5% level (p < 0.05) were
considered to be statistically significant. Skin
allograft survival times in the six animal
groups receiving unrelated grafts are shown in
Table 1. The mean survival time in group 1
(untreated) animals was 7.1 ± 0.8 days. Per-
operative CsA (group 2), donor-specific blood
transfusion (group 3), and third-party blood
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Table 1. Effect of Peroperative CsA and/or Blood Transfusion on Unrelated Rabbit Skin Allografts

Group Treatment

Transfusion

Source
Allograft Survival

(Days)

Mean

Allograft Survival
(Days) ± SD

Nil

CsA

Blood transfusion

Blood transfusion

CsA plus blood
transfusion

CsA plus blood
transfusion

— 6, 6, 7, 7, 7, 8, 3, 3 7.1 ± 0.8
— 11, 11, 11, 12, 12, 13, 13, 17 12.5 ± 2.0

Donor-specific 6, 7, 7, 8, 10, 16, 16, 19 11.1 ± 5.1

Third-party 7, 8, 9, 9, 9, 10, 12, 12 9.2 ± 2.2
Donor-specific 11, 12, 12, 17, 43, 45, 45, 45 28.8 ± 16.9

Third-party 9, 9, 10, 12, 12, 12, 13, 14 11.4 ± 1.8

Allograft prolongation with statistical significance at 5% level:
group 2 compared with group 1, p < 0.001 and group 4p < 0.02
group 4 compared with group 1, p < 0.008
group 5 compared with group 1, p < 0.001, group 3, p < 0.01, group 4, p < 0.004, and group 6, p < 0.05
group 6 compared with group 1, p < 0.001

extended mean allograft survival times to
12.5 ± 2.0, 11.1 ± 5.1, and 9.2 ± 2.2 days,
respectively. CsA treatment induced allograft
prolongation that was statistically significant
compared with animals who were untreated
(group 1, p < 0.001) or who received third-
party blood (group 4, p < 0.02). The mean
survival after third-party blood transfusion
(group 4) was statistically significant com¬
pared with untreated controls (p < 0.008),
but donor-specific blood induced a wider
range of results, and the mean survival time,
11.1 ± 5.1 days, was not significantly pro¬
longed compared with any other group.
Simultaneous preoperative treatment with
donor-specific blood and CsA (group 5)
induced significant graft enhancement com¬

pared with animal groups that were untreated
(P < 0.001), preoperatively transfused with
donor-specific blood (p < 0.01) or third-party
blood (p < 0.004), or treated peroperatively
with third-party blood and CsA (p > 0.05).
The mean survival time in group 5 animals,
28.8 ± 16.9 days, was not statistically dif¬
ferent (p > 0.05) from that observed in ani¬
mals treated with CsA alone (group 2). Pero¬
perative CsA and third-party transfusion
(group 6) produced only modest graft pro¬
longation, and the mean survival time
(11.4 ± 1.8 days) was not statistically dif¬
ferent from that observed in animals treated
with CsA or blood transfusion alone.

The effect of CsA and/or donor-specific
transfusion on skin allograft survival in recip¬
ients of related or unrelated skin grafts is
shown in Table 2. The related grafts (mother
to offspring) are assumed to share transplan¬
tation antigens determined by one-haplotype
of the histocompatibility complex. The mean
survival times (11.3 ± 9.6 and 7.1 ± 0.8 days)
in untreated recipients of related (group 1)
and unrelated grafts (group 2) were not sig¬
nificantly different from each other. Peroper¬
ative CsA treatment significantly prolonged
the mean skin survival time of related (group
3) and unrelated grafts (group 4) to 16.6 ±
2.6 and 12.5 ± 2.0 days, respectively, with the
treatment being more effective in the related
model (p < 0.008). The mean graft survival
times (12.3 ± 4.1 and 11.1 ± 5.1 days,p <

0.01) obtained in preoperatively transfused
recipients of related (group 5) and unrelated
grafts (group 6) were not significantly pro¬
longed when compared with each other or the
untreated control groups. Concomitant treat¬
ment with CsA and blood transfusion induced

significant graft prolongation (mean >
40.9 ± 11.7 and 28.8 ± 16.9 days) in recip¬
ients of related (group 7) and unrelated grafts
(group 8). The enhancement in both recipient
groups was statistically significant when com¬
pared with untreated and similarly blood
transfused groups. However, the result in
recipients of related grafts was also signifi-
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Table 2. Effect of Peroperative CsA and/or Donor-Specific Transfusion on Related and
Unrelated Rabbit Skin Allografts

Mean

Donor-Recipient Allograft Survival Allograft Survival
Group Treatment Relationship (Days) (Daysl ± SD

1 Nil Mother-to-offspring 7, 7, 7, 8, 8, 9, 9, 35 11.3 ± 9.6

2 Nil Unrelated 6, 6, 7, 7, 7, 8, 8, 8 7.1 ± 0.8

3 CsA Mother-to-offspring 13, 14, 15, 17, 19, 19, 19 16.6 ± 2.6

4 CsA Unrelated 11,11,11, 12, 12, 13, 13, 17 12.5 ± 2.0

5 Blood transfusion Mother-to-offspring 6, 8, 9, 14, 14, 14, 15, 18 12.3 ± 4.1

6 Blood transfusion Unrelated 6, 7, 7, 8, 10, 16, 16, 19 11.1 ±5.1

7 CsA plus blood Mother-to-offspring 12, >45, >45, >45, >45, >45, >40.9 ±11.7

transfusion >45, >45

8 CsA plus blood Unrelated 11, 12, 12, 17, 43, 45, 45, 45 28.8 ± 16.9

transfusion

Allograft prolongation with statistical significance at 5% level:
group 3 compared with group 1, p < 0.02, group 2, p < 0.002, and group 4, p < 0.008
group 4 compared with group 1, p < 0.02, group 2, p < 0.001
group 7 compared with group 1, p < 0.002, group 2, p < 0.0009, group 3, p < 0.02, group 4, p < 0.004,
group 5, p < 0.005, group 6, p < 0.003, and group 8, p < 0.008
group 8 compared with group 1, p < 0.004, group 2, p < 0.001, group 6, p < 0.03

cantly prolonged when compared with CsA
treatment of recipients of related and unre¬
lated grafts (p < 0.02 and p < 0.004), blood
transfusion in recipients of unrelated grafts
(P < 0.003), and CsA and blood transfusion
treatment of recipients of unrelated grafts
(p < 0.008).

DISCUSSION

Concomitant immunosuppression has
proved to be a useful means of amplifying
pretransplant blood transfusion-induced allo¬
graft enhancement, which is not readily dem¬
onstrated in animal models.5 The results in

recipients of unrelated skin allografts indicate
that peroperative treatment with donor-spe¬
cific transfusion and CsA promotes signifi¬
cant graft prolongation in the rabbit model. In
contrast, peroperative third-party blood and
CsA does not induce graft enhancement any
further than that achieved by CsA alone. The
absence of the transfusion/CsA synergy in the
third-party transfusion model indicates that
CsA-amplificd transfusion-induced graft pro¬
longation is dependent on antigen-sharing
between the transfusion and allograft donors.
This result implies that the transfusion effect
is antigen-specific and would be consistent

with the high graft survival rate achieved in
one-haplotype-matched related human renal
transplants following donor-specific transfu¬
sion.6
Further information regarding the specific

requirements of the transfusate was obtained
from the experiments comparing the effect of
donor-specific transfusion and CsA on the
survival of related and unrelated skin allo¬

grafts. Results in groups that were untreated
or treated with CsA or blood transfusion alone
were similar in the two strain combinations,
although the allografts are theoretically mis¬
matched for one (related) and two (unrelated)
haplotypes determining the histocompatibility
antigens. However, the indefinite survival in 7
of 8 recipients of related grafts, peroperatively
treated with donor-specific (related) transfu¬
sion, may be an indication that antigen shar¬
ing between recipient and transfusion donor
has a strong influence on graft outcome. It is
possible that the induction of allograft
enhancement by transfusion, in addition to
being antigen-specific with respect to the
donor, is also affected by major histocompati¬
bility gene restrictions operative in the recip¬
ient. Consequently, in experimental models
that favor enhancement at the expense of
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sensitization, e.g., CsA and transfusion, histo¬
compatibility between recipient and transfu¬
sion donor may be an important factor in
determining the degree of enhancement
achieved. Further experiments are in progress

to determine the influence of recipient-related
transfusion on unrelated allografts, which
could offer wide benefits in clinical situations
to prolong survival of human cadaveric trans¬
plants.
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This study demonstrated that, as with steroids, CsA was able to

amplify the effect of donor-specific transfusion on skin graft survival.



Reduced Sensitization Risk in Pregraft
Cyclosporin-A/Blood-Transfusion-Enhanced

Rabbit Skin Allografts
L. J. Dumble, H. P. King, G. J. A. Clunie, L. G. Bowes, and R. T. Judson

PRETRANSPLANT blood transfusion isgenerally recognized to exert a beneficial
effect on renal allograft survival.' However,
deliberate pregraft transfusion policies may
produce sensitization precluding transplanta¬
tion or leading to acute graft failure.
We have demonstrated that concomitant

pregraft donor-specific transfusion and meth-
ylprednisolone administration amplifies pre¬
graft transfusion-induced enhancement of
rabbit skin allografts.2 This form of pretrans-
plant conditioning also reduced the incidence
of accelerated rejection attributed to transfu¬
sion-stimulated sensitization.
This study investigates the synergistic value

of a more potent immunosuppressant, cyclo-
sporin-A, and pregraft blood transfusion in
promoting allograft enhancement and mini¬
mizing graft loss due to sensitization mecha¬
nisms in the same rabbit model.

MATERIALS AND METHODS

Cyclosporin-A (CyA) was provided by Sandoz Compa¬
ny, Basel, Switzerland. The crystalline powder was dis¬
solved in olive oil at 50 mg/ml and injected i.m. in a dose
of 20 mg/kg.

Blood transfusions were prepared on the day of admin¬
istration by collecting donor blood in preservative-free
heparin, and recipients from appropriate animal groups
were transfused with 20 ml of donor blood via the

marginal ear vein.
Outbred male rabbits (2-3 kg in weight) were obtained
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from two genetically distinct and geographically isolated
colonies. Skin from Anglo-lop-eared donors was grafted
to New Zealand white recipients in the manner previously
described.2 Grafts were inspected daily and rejection time
recorded as the day on which 50% necrosis occurred.
Experimental groups were: (1) Untreated; (2) 20 mg/

kg CyA i.m., 7 days pregraft; (3) 20 mg/kg CyA,
peroperative; (4) 20 ml donor blood i.v., 7 days pregraft;
(5) 20 ml donor blood i.v., peroperative; (6) 20 mg/kg
CyA plus 20 ml donor blood, 7 days pregraft; (7) 20
mg/kg CyA plus 20 ml donor blood, peroperative. The
term peroperative is used to describe treatments adminis¬
tered immediately following the induction of anesthesia.

RESULTS

Skin allograft survival times in the seven
animal groups are shown in Table 1. Compari¬
son between groups was made using a two-
tailed Mann-Whitney U test. Differences at
the 5% level (p < 0.05) were considered to be
statistically significant. The mean allograft
survival time in group 1 (untreated) animals
was 7.1 ± 0.2 days. Pregraft CyA (group 2),
peroperative CyA (group 3), and peroperative
blood transfusion (group 5) significantly
extended mean allograft survival times to
9.3 ± 2.3, 12.5 ± 2.0, and 11.1 ± 5.1 days,
respectively, with peroperative CyA being sig¬
nificantly more effective than pregraft CyA
(P < 0.005). Pregraft transfusion (group 4)
resulted in accelerated rejection, presumably
due to sensitization, in at least 2 (25%) of the
8 animals. Simultaneous administration of
donor blood and CyA pregraft (group 6)
resulted in prolongation of graft survival with¬
out evidence of accelerated rejection, the
mean survival time was 14.1 ± 4.6 days with
5/8 animals having a twofold extension of the
mean survival time of untreated animals. This
was statistically significant when compared
with untreated animals (p < 0.003), pregraft
CyA-treated animals (p < 0.025), and pre¬
graft transfused animals (p < 0.005). Per¬
operative blood transfusion and CyA treat-

1000 Transplantation Proceedings, Vol. XV, No. 1 (March), 1983
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Table 1. Effect of Pregraft Blood Transfusion and/or Cyclosporin-A on Rabbit Skin Allograft Survival

Mean

Allograft Survival Allograft Survival
Group Treatment (Days) (Days) ± SD

1 Nil 6 6 7 7 7 8 8 8 7.1 ± 0.8

2 CyA 7 days
pregraft

7 7 7 8 10 1 1 12 12 9.3 ± 2.3

3 CyA peroperatively 11 11 1 1 12 12 13 13 17 12.5 ± 2.0

4 Donor blood 7 days
pregraft

4 4 6 6 6 6 10 14 7.0 ± 3.4

5 Donor blood

peroperatively

6 7 7 8 10 16 16 19 11.1 ± 5.1

6 CyA + donor blood 7
days pregraft

7 11 12 14 14 14 19 22 14.1 ± 4.6

7 CyA + donor blood
peroperatively

1 1 12 12 17 43 45 45 45 28.8 ± 16.1

Statistically significant results at 5% level:
group 2 compared with group 1 p < 0.025
group 3 compared with group 1 p < 0.001, group 2 p < 0.005, and group 4 p < 0.005
group 5 compared with group 1 p < 0.003 and group 4 p < 0.05
group 6 compared with group 1 p < 0.003, group 2 p < 0.025, and group 4 p < 0.005
group 7 compared with group 1 p < 0.001, group 2 p < 0.005, group 3 p < 0.02, group 4 p < 0.001, group 5 p < 0.01,
and group 6 p < 0.025.

ment (group 7) gave an even greater extension
of the mean survival time (28.8 ± 16.1 days).
This result was statistically significant when
compared with animals that were untreated
(p < 0.001), pregraft CyA-treated
(P < 0.005), peroperative CyA-treated
(p < 0.02), pregraft transfused (p < 0.001),
peroperative transfused (p < 0.01), and pre¬
graft treated with CyA and transfusion
(p < 0.025).

DISCUSSION

Previous studies in the rabbit skin allograft
model indicate that pretransplant donor-spe¬
cific transfusion is an ineffective means of

enhancing survival times.2 This study shows
that rabbit skin grafts may be prolonged by
concomitant donor blood transfusion and CyA
administered pregraft or peroperatively. The
mean survival times in these two animal

groups were greater than those observed when
blood transfusion or CyA were administered
separately. A similar trend was reported2 from
the study of simultaneously administered
methylprednisolone and blood transfusion.
Comparison of the mean survival times
obtained by pregraft or peroperative CyA/

transfusion treatment (14.1 days and 28.8
days, respectively) with those obtained from
methylprednisolone/transfusion conditioning
pregraft (12.3 days) or peroperatively (13.6
days) confirms the efficacy of CyA compared
with steroids in suppressing graft-destructive
mechanisms. This may also be interpreted as
an indication that CyA leaves intact the trans¬
fusion-induced graft-enhancing response,
while steroids induce nonspecific immunosup¬
pression.
In addition to promoting graft enhance¬

ment, pregraft transfusion may also induce
sensitization between the histoincompatible
rabbit strains studied. The ultimate influence
of the transfusion-induced response appears
related to the timing of the transfusion in
relation to the allograft. Transfusion 7 days
pretransplant in the rabbit skin graft recipient
is associated with a significant incidence
(25%) of accelerated rejection. Peroperative
transfusion induces modest graft prolonga¬
tion, mean survival 11.1 days, compared with
7.1 days in untreated animals without produc¬
tion of sensitization. Examination of the
influence of peroperative transfusion in indi¬
vidual recipients indicates that an enhancing
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response is induced in at least half of the
recipients. In the peroperative situation, sensi¬
tization has no opportunity for expression.
However, concomitant CyA and transfusion
administered 7 days pretransplant appears to
abrogate the transfusion-induced sensitiza¬
tion mechanism, while amplifying the graft-
enhancing response. Similarly, it can be seen
that peroperative CyA and blood transfusion,
with sensitization minimized from the trans¬

fusion timing, induced an even more signifi¬
cant synergistic effect. CyA synergy has also
been reported with pregraft donor-specific
transfusion in rat cardiac recipients3 and with
donor-specific spleen administered preopera-

tively and peroperatively to rat kidney recip¬
ients.4 In nontransfused rabbits, prolongation
of skin allograft survival by CyA requires
continued dosage.5 Pregraft transfused/CyA-
treated animals in this study were grafted 7
days later without further CyA, while per¬

operatively treated animals were transfused
and grafted under the influence of CyA. The
different mean survival times in these two

groups may suggest that the diminished graft
response induced by concomitant CyA and
transfusion is more readily reversed by subse¬
quent alloantigen presentation that is not
simultaneously modified by an immunosup¬

pressive agent. Hence, the increased effective¬
ness of concomitant peroperative treatment
might also be related to the form of antigenic
challenge. This would provide an alternative
explanation to that which considered the tim¬
ing of the transfusion with respect to the skin
graft.

These observations indicate that simulta¬
neous CyA and blood transfusion may have an
important place in the pregraft conditioning
of potential allograft recipients. In addition to
reducing the risk of sensitization, the
approach amplifies the beneficial effect of
pregraft and peroperative blood transfusion.
Further studies are being undertaken to deter¬
mine whether the advantage of peroperative
over pregraft treatment is due to the graft-
related timing of the transfusion or the mode
of antigenic challenge.
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PRETRANSPLANT TRANSFUSION AND CYCLOSPORINE-INDUCED ENHANCEMENT OF RABBIT SKIN
ALLOGRAFTS

Donor-Specific Versus Third-Party Blood1

Simultaneous pretransplant donor-specific transfusion and
cyclosporine treatment has been shown to induce significant
prolongation of vascularized (I, 2) and nonvascularized (3)
allografts. The concomitant treatment, in addition to amplify¬
ing the allograft-enhancing effect of the transfusion, abrogates
the sensitizing-potential of blood administered prior to trans¬
plantation (3). However, in clinical transplantation programs

allograft-specific transfusion is impractical for recipients whose
likely allograft source is cadaveric. These experiments were

-performed to determine whether transfusion/cyclosporine-in-
iuced graft enhancement is nonspecific, or—alternatively—
requires that histocompatibility antigens be shared by the
transfusion and allograft donors. The rabbit skin allograft
nodel, in which enhancement synergy between pretransplant
-ionor-specific transfusion and cyclosporine has been demon¬
strated, was again used to estimate the comparative efficiency
)f third-part blood in concomitant therapy.
Outbred male rabbits (2-3 kg) were obtained from three

—jenetically distinct (Anglo lop-eared, Belgian half-lop and New
Zealand white) and geographically isolated colonies. Animals
rom the Belgian half-lop strain were used as a source of third-
larty transfusion for Anglo lop-eared recipients. This same

—lonor-recipient strain combination was also treated with do-
lor-specific transfusion from the New Zealand white donors,
lyclosporine was provided by the Sandoz Company, Basel. The
rystalline powder was dissolved in olive oil at 50 mg/ml and
ijected i.m. in a dose of 20 mg/kg. Blood transfusions were
ollected on the day of administration in preservative-free
eparin and transfused (20 ml) via the marginal ear vein of
scipients of appropriate animal groups. Skin from donor ani-
lals was grafted to recipients in a manner described elsewhere
—i). Grafts were inspected daily and rejection time was recorded
s the day on which 50% necrosis occurred.
Experimental groups were treated 7 days pretransplant as
illows: (1) nil; (2) 20 ml of donor-specific blood, i.v.; (3) 20 ml
f third-party blood, i.v.; (4) 20 mg/kg cyclosporine, i.m.; (5) 20
il of donor blood i.v. plus 20 mg/kg cyclosporine, i.m.; and (6)
) ml of third-party blood i.v. plus 20 mg/kg cyclosporine, i.m.
Results are shown in Table 1. Comparisons between groups
ere made using a two-tailed Mann-Whitney U test. Differ-
lces at the 1% level (P<0.01) were considered to be statisti-
dly significant. The mean survival time in untreated animals
—as 7.1±0.8 days. Donor-specific (group 2) and third-party
roup 3) blood transfusion, administered 7 days pretransplant,
iled to prolong skin allograft survival (mean 7.0±3.4 and 8.0±
—5 days respectively). Cyclosporine treatment (group 4) 7 days
etransplant produced a mean allograft survival time of 9.3±

—3 days, which was not significantly different from that ob¬

1 This work was supported by a grant from the Australian Kidney
mndation.

tained in untreated, donor-specific or third-party blood trans¬
fused groups. Simultaneous pregraft treatment with cyclo¬
sporine and donor-specific transfusion (group 5) induced sig¬
nificant graft prolongation (mean 14.1±4.6 days) compared
with groups that were untreated (P<0.005), pregraft transfused
with donor-specific blood (P<0.007), or given third-party blood
(P<0.007). In contrast to the results obtained with cyclosporine
and donor-specific transfusion, concomitant cyclosporine and
third-party blood (group 6, mean survival time 9.3±1.5 days)
administered 7 days pregraft failed to induce graft prolongation,
as compared with untreated animals or any of the treatment
groups.
These results indicate that the allograft-enhancement syn¬

ergy between blood transfusion and cyclosporine is dependent
on the allograft-specific nature of the transfusion.
The three rabbit strains used in this study were demonstrated

from mixed lymphocyte culture responses (SI±8.0) to be his-
toincompatible, though this finding does not exclude some

degree of antigenic overlap. However sensitization is unlikely
to have counteracted any enhancement resulting from pregraft
third-party blood and cyclosporine as concomitant treatment
with donor-specific blood has the greater sensitizing potential.
The prolongation resulting from pregraft donor-specific blood
and cyclosporine may, therefore, reflect the capacity of cyclo¬
sporine to induce allograft-specific unresponsiveness from si¬
multaneously administered donor-specific blood.
Alternatively, the specificity of the allograft unresponsive¬

ness may be the function of the transfusion, irrespective of
concomitant cyclosporine, given that the sensitizing potential
of the transfusion is inhibited by cyclosporine. Previous find¬
ings in the rabbit skin allograft model support this suggestion
(4). Concomitant donor-specific transfusion and methypred-
nisolone induced significant prolongation of skin survival when
administered 7 days pregraft, and the mean survival time (12.3±
4.2 days) was similar to that reported here from cyclosporine
concomitant treatment (14.1±4.6 days). Peroperatively admin¬
istered donor-specific blood and methylprednisolone produced
significant graft enhancement (mean survival 13.6±2.6 days),
which was less than that reported (3) following peroperative
treatment with donor-specific blood and cyclosporine (mean
survival time 28.8+16.1 days). This may indicate that the extent
of allograft enhancement, induced by immunosuppressant mod¬
ified transfusion, reflects the mechanism by which the immu¬
nosuppressant imparts graft unresponsiveness. Donor-specific
transfusion has greater synergy with cyclosporine than third-
party transfusion, but the ultimate duration of the prolongation
may be determined by the immunosuppressant potential to
generate allograft specific tolerance, a property assigned to
cyclosporine in some studies (5) but not methylprednisolone
(6).
In conclusion, the results indicate that third-party blood

418
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Table 1. Effect of pretransplant blood transfusion and/or
cyclosporine treatment on rabbit skin allograft survival

Group Seven-day
pregraft treatment

Allograft
survival
(days)

Mean allograft
survival

(days ± SD)

1 Nil

2 Donor-specific blood

3 Third-party blood

4 Cyclosporine

5 Cyclosporine and do¬
nor-specific blood

6 Cyclosporine and
third-party blood

8,6, 6, 7, 7, 7.
8

4, 4, 6, 6, 6, 6,
10, 14

6, 7, 7, 7, 8, 9,
10, 10

7, 7, 7, 8, 10, 11
12, 12

7, 11, 12, 14, 14
14, 19, 22

7, 7, 7, 7, 8, 8,
14, 16

7.1±0.8

7.0±3.4

8.0±1.5

9.3±2.3

14.1±4.6

9.3±3.6

Allograft prolongation with statistical significance at the 1% level.
Group 5 compared with Group 1, P < 0.005; Group 2, P < 0.007;

Group 3, P < 0.007.

transfusion and cyclosporine do not exert synergistic enhance¬
ment of rabbit skin allografts, but concomitant treatment with
donor-specific blood induces a tolerance that is relatively re¬
sistant to allograft challenge. Further experiments are in pro¬

gress to identify the respective roles of transfusion and cyclo¬
sporine in pretransplant conditioning of allograft recipients.
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These experiments gave results which indicated a mechanism of

histocompatibility-restricted enhancement of allografts by pregraft

transfusion and CsA where there were shared haplotypes between donor

and recipient.



Prolongation of Related Rabbit Skin Allografts by
Preoperative Treatment With Donor-Specific or
Third-Party Transfusion and Cyclosporine

L.J. Dumble, P. Masendycz, P.L. Mottram, D.M.A. Francis, and G.J.A. Clunie

PREVIOUS EXPERIMENTS1'2 in exper¬imental models have demonstrated that

pretransplant concomitant blood transfusion
and cyclosporine (CsA)-induction of syner¬
gistic enhancement of unrelated allografts is
dependent on transfusion specificity, donor-
specific blood being effective in the concomi¬
tant treatment but not third-party blood. This
study was performed to determine the trans¬
fusion-specificity requirements for prolonga¬
tion of related (mother to offspring, one
haplotype identical) rabbit skin allografts and
establish whether they differ from the require¬
ments for enhancement of unrelated grafts in
the same animal model.

MATERIALS AND METHODS

Cyclosporine (CsA) was provided by Sandoz Compa¬
ny, Basel, Switzerland. The crystalline powder was dis¬
solved in MCT oil (medium chain triglycerides, Mead
Johnson, Australia) at 50 mg/mL and injected intramus¬
cularly (1M) in a dose of 20 mg/kg.
Outbred rabbits were obtained from two genetically

distinct (Anglo lop eared and Belgian half lop) and
geographically isolated colonies. Skin allografts were
performed between related (donor mother to offspring
recipient), Anglo lop eared animals with transfusions
being provided by Anglo lop eared mothers (donor-
specific) or Belgian half lop (third-party) animals. Trans-
fusions were prepared on the day of skin grafting for
preoperative administration after blood collection in pre¬
servative-free heparin, and recipients from appropriate
animal groups were transfused with 20 ml. of blood via
the marginal ear vein.
Skin from donor animals was grafted to recipients in

the manner previously described.3 Grafts were inspected
daily, the rejection was recorded as the day on which 50%
necrosis occurred.

Groups of recipient animals were treated peropera-
tively with (I) nil; (2) CsA, 20 mg/kg; (3) donor-specific
transfusion, 20 mL; (4) third-party transfusion, 20 mL;
(5) CsA, 20 mg/kg, and donor-specific transfusion, 20
mL; and (6) CsA, 20 mg/kg, and third-party transfusion
blood, 20 mL.

RESULTS

Comparisons between groups were made
using a two-tailed Mann-Whitney U test (Ta¬
ble 1). Differences at the 1% level were con¬
sidered to be statistically significant. The
mean survival time in group 1 (untreated)
animals was 11.3 ± 9.6 days. Preoperative
CsA (group 2), donor-specific blood (group
3), and third-party blood (group 4) treatment
induced mean allograft survival times of
16.6 ± 2.6 days, 12.3 ± 4.1 days, and 10.9 ±
5.1 days, respectively. These values were not
statistically significant when compared with
each other or the untreated control group.
Preoperative treatment with concomitant
donor-specific blood and CsA (group 5)
induced significant graft enhancement
(mean > 40.9 ± 11.7 days) compared with
animal groups that were untreated
(P < 0.002) or preoperatively transfused with
donor-specific blood (P < 0.005) or third-
party blood (P < 0.005). Similarly preopera¬
tive treatment with simultaneously adminis¬
tered third-party blood and CsA (group 6)
induced significant graft prolongation com¬
pared with groups that were untreated
(•P < 0.005) or preoperatively treated with
CsA alone (P < 0.002), donor-specific blood
alone (P < 0.005), or third-party blood alone
(P < 0.001). The mean survival times of
group 5 and 6 animals were not significantly
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Table 1. Effect of Preoperative CsA and/or Blood Transfusion on Related Rabbit Skin Allografts*

Group Treatment

Transfusion
* ScSuree Allograft Survival (Days)

Mean Allograft Survival
(Days ± SD)

1 Nil < 7, 7, 7, 8, 8, 9. 9, 35 1 1.3 ± 9.6

2 CsA 13, 14, 15, 17, 19, 19, 19 16.6 t 2.6

3 Blood transfusion Donor specific 6, 8, 9, 14, 14, 14, 15, 18 12.3 ± 4.1

4 Blood transfusion Third party 6, 7, 8, 10, 11, 13, 21 10.9 ± 5.1

5; . GsA and transfusion Donor specific i1 12, >45, >45, >45, >45. >45, >45, >45 >40.9 ± 1 1.7

6 f.., ,. CsA and transfusion Third party. . j 20,23,28,28,31,42,45, 45 >32.8 ± 9.9

*Allograft prolongation with statistical significance at the 1% level: Group 5 compared with group 1, P < 0.002; group 3,
P < 0.005; and group 4, P < 0.005. Group 6 comparediwith group 1, P < 0.005; group 2, P < 0.002; group 3, P 0.005;
and group 4, P < 0.001.

different from each other at the 1% level

(Z3 > 0.08).

, . DISCUSSION

Previous report's from rat cardiac1 and rab¬
bit'skin4 recipients of unrelated allografts
indicate that donor-specific blood transfusion
ifi donibination treatment with CsA has

superior graft-enhancing effects compared
with nonspecific or third-party transfusion
and concomitant CsA. It was concluded2 that
the allograft enhancement synergy between
blood transfusion and CsA was dependent on
the allograft-specific nature of the transfu¬
sion. However, it was suggested3 that the
induction of allograft enhancement by trans¬
fusion, in addition to being antigen specific
with respect to the allograft donor, may also
be affected by major histocompatibility
restrictions operative in the recipient and allo¬
graft donor. In that study,3 concomitant third-
party transfusion and CsA treatment of unre¬
lated rabbit skin allograft recipients induced a
mean survival time of 1 1.4 ± 1.8 days, which
is significantly inferior to the result reported
here (mean survival, 32.8 ± 9.9 days) from
third-party transfusion and CsA treatment of

related rabbit skin allograft recipients. This
current finding is consistent with a mecha¬
nism of histocompatibility-restricted enhance¬
ment of allografts by pregraft transfusion and
CsA that would be optimal in the mother to
offspring related model due to the shared
haplotype and absent in the unrelated model.
Allograft enhancement in the unrelated graft
model may then be solely reliant on the speci¬
ficity-independent, CsA-modified, transfu¬
sion mechanism to promote a graft-enhancing
effect. Consequently, the increased enhance¬
ment of related grafts, compared with unre¬
lated grafts, by third-party transfusion and
CsA may be a function of the CsA, which
produces a less significant enhancement than
donor-specific transfusion and CsA. This
weaker enhancing mechanism then becomes
obvious under conditions that promote maxi¬
mum allograft prolongation from pregraft
transfusion on a genetic background of allo¬
graft donor- and recipient-shared histocompa¬
tibility. These findings appear relevant to clin¬
ical transplantation where the transfusion
specificity requirements and drug modifica¬
tions necessary to avoid sensitization from
pretransplant transfusion program are not yet
fully understood.
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Cyclosporine Dosage Requirements for Rabbit Skin
Allograft Enhancement Due to Perioperative Blood

Transfusion and Cyclosporine Synergy
P.J. Masendycz, L.J. Dumble, D.M.A. Francis, and G.J.A. Clunie

PRETRANSPLANT IMMUNOSUP¬PRESSION with blood transfusion has
been shown to amplify the allograft-enhanc-
ing influence of the transfusion in a variety of
experimental models.1"3 Although the ap¬
proach reduces the incidence of transfusion-
induced sensitization, it has not been readily
adopted in clinical transplantation. There are
significant reasons for such caution.
First, the beneficial effect of pregraft trans¬

fusion has been well documented, and it has
been suggested that the influence of concomi¬
tant immunosuppression may destroy the
transfusion-induced allograft enhancement.
Second, drug dosage studies have not been
performed to demonstrate the minimum con¬
centration of immunosuppressant required to
abrogate the sensitizing effect of the transfu¬
sion while maintaining the allograft-enhanc-
ing synergy between the immunosuppressant
and transfusion.
The following experiments were performed

to provide information relevant to these ques¬
tions. The rabbit skin allograft model, which
accurately predicts the survival of vascular¬
ized allografts in the same model,4 was used to
define the minimum drug concentration for
pretransplant transfusion and cyclosporine
(Cs)-induced enhancement. In this model, we
have previously demonstrated that pretrans¬
plant or perioperative concomitant Cs (20
kg/kg) amplifies the modestly prolonged skin
graft survival times seen from donor-specific
transfusion administered without Cs.5

MATERIALS AND METHODS

Outbred male rabbits (2 to 3 kg) were obtained from
two genetically distinct and geographically isolated colo¬
nies (New Zealand White used as recipient animals and
Anglo lop-eared used as blood transfusion and skin graft
donors). Cs, provided by the Sandoz Company, Basel, in

the crystalline form, was dissolved in oil at 50 mg/mL and
injected intramuscularly (IM) at the appropriate dose.
Donor-specific blood transfusions were collected on the
day of skin transplantation in preservative-free heparin
for transfusion (20 mL) via the marginal ear vein to
recipients of appropriate animal groups. Skin from donor
animals was grafted to recipients in the manner previ¬
ously described.2 Grafts were inspected daily and the
rejection time recorded as the day on which 50% necrosis
occurred. Experimental groups were treated peropera-

tively as follows: (1) nil, (2) 20 mg/kg Cs IM, (3) 20 mL
of blood, (4) 20 mg/kg Cs IM plus 20 mL of blood
intravenously (IV), (5) 5 mg/kg Cs IM, (6) 5 mg/kg Cs
IM plus 20 mL of blood IV, (7) 1 mg/kg Cs IM, and (8) 1
mg/kg Cs IM plus 20 mL of blood IV. The term
perioperative is used to describe treatments administered
immediately following the induction of anesthesia for skin
grafting purposes.

RESULTS

Results are shown in Table 1. A comparison
of skin allograft survival times of the eight
animal groups was made using a two-tailed
Mann-Whitney U test. Any differences were
considered to be statistically significant at the
5% level (P < .05). The mean survival time of
untreated animals (group 1) was 7.1 ± 0.8
days. Perioperative treatment with 20 mg/kg
Cs (group 2) induced a modest prolongation
(mean survival, 12.5 ± 2.0 days), which was
statistically significant when compared with
the mean allograft survival times of animals
that were untreated (group 1, P < .001) or
received 1 mg/kg of Cs alone (group 7, P <
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Table 1. Effect of Cs Dosage on Rabbit Skin Allograft Enhancement due to Concomitant
Perioperative Donor-Specific Blood Transfusion and Cs

Skin Graft Survival Time Mean Allograft
Group 1 Perioperative Treatment (d) Survival (d ± SD)

1 nil 6. 6. 7, 7, 7, 8, 8, 8 7.1 ± 0.8

2 20 mg/kg Cs 11, 11, 11, 12, 12, 13, 13, 17 12.5 ± 2.0

3 20 mL donor-specific blood 6, 7, 7, 8, 10, 16, 16, 19 11.1 ± 5.1

4 20 mg/kg Cs plus 20 mL 11, 12, 12, 17, 43, 45, 45, 45 28.8 ± 16.1

donor-specific blood
5 5 mg/kg Cs 8, 8, 10, 11, 11, 11, 11, 15 10.6 ± 2.2

6 5 mg/kg Cs plus 20 mL 8, 9, 10, 11, 11, 11, 17, 2:46 215.3 ± 12.3

donor specific blood
7 1 mg/kg Cs 7, 7, 7, 7, 7, 7, 8,.9 7.4 ± 0.7

8 1 mg/kg Cs plus 20 mL 6, 7, 7, 7, 7, 8, 1 1, 1 1 8.0 ± 1.9

donor-specific blood

Allograft prolongation with statistical significance at 5% level: Group 2 compared with group 1, P < .001; group 7, P <
.0009; and group 8, P < .002. Group 4 compared with group 1, P < .001; group 3, P < .02; group 5, P < .005; group 7, P <
.0009; and group 8, P < .001. Group 5 compared with group 1, P < .003; group 7, P < .002; and group 8, P < .03. Group 6
compared with group 1, P < .002; group 7, P < .001; and group 8, P < .02.

.0009) or 1 mg/kg Cs and donor-specific
transfusion (group 8,P< .001). Perioperative
donor treatment with donor blood (group 3)
induced modest but insignificant graft prolon¬
gation in some animals (mean survival time,
11.1 ±5.1 days). Concomitant treatment with
20 mg/kg Cs and donor blood (group 4)
induced significant graft enhancement com¬
pared with animal groups that were untreated
{P c.001), perioperatively transfused with
donor-specific blood alone (P < .02), or peri¬
operatively treated with 5 mg/kg Cs
(P < .005), 1 mg/kg Cs (P < .0009), or 1
mg/kg Cs given with donor blood (P < .001).
Group 5 animals received 5 mg/kg Cs and
had a mean graft survival time of 10.6 ± 2.2
days, which was significantly prolonged when
compared with groups that were untreated
(P < .003), treated with 1 mg/kg Cs alone
(P < .002), or with 1 mg/kg Cs and donor
blood (P < .03). Group 6 animals were
treated perioperatively with 5 mg/kg Cs and
concomitant transfusion. The mean graft sur¬
vival time in these animals was >15.3 ± 12.3

days, which, although significant when com¬
pared with groups that were untreated
(P < .002), treated with 1 mg/kg Cs alone
(P < .001), or with 1 mg/kg Cs and donor
blood (P < .02), was not significant when

compared with group 5 animals that received
5 mg/kg of Cs without blood transfusion. Cs
administered at 1 mg/kg with or without
concomitant donor blood failed to induce graft
prolongation when compared with survival
times of the other animal groups.

DISCUSSION

These studies show that perioperative treat¬
ment with concomitant Cs (20 mg/kg) and
donor-specific blood transfusion induces syn¬
ergistic enhancement of rabbit skin allografts,
the mean survival time from the simultaneous
treatment being more than twice that
obtained when Cs at the same concentration
or the transfusion is administered alone. A
decreased concentration of 5 mg/kg Cs
administered alone induces modest prolonga¬
tion of the graft similar to that produced by 20
mg/kg of Cs alone. Transfusion does not
appear to promote the same level of skin graft
enhancement. Although the results from the
concomitant Cs/transfusion treatment groups
using 20 mg/kg and 5 mg/kg Cs are not
statistically different, a dose-dependent trend
is indicated in these outbred animals, four of
whom had graft survival times in excess of 40
days from 20 mg/kg Cs treatment with trans-
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fusion as compared with only one animal
having a 46-day graft survival time following
treatment with 5 mg/kg Cs and blood. This
trend is further confirmed by results from
animal groups receiving i mg/kg Cs with or
without transfusion where grafts were

rejected in the same order of time as in the
untreated control group.

These results suggest that the extent of
enhancement of rabbit skin allografts from
perioperative concomitant Cs and donor-spe¬
cific blood is directly related to the dosage of
Cs administered. A rapid decline in the mean
graft survival time is observed with a decreas¬
ing Cs concentration until the synergy
between Cs and transfusion is no longer evi¬
dent with a dose of 1 mg/kg Cs. Further, the 5
mg/kg dosage with transfusion gives a mean
survival time that is not statistically different
from that obtained with transfusion alone.
We have previously postulated that the

transfusion/Cs-induced enhancement in this
experimental model is due to the preservation
of the transfusion-induced allograft enhance¬
ment with elimination of the transfusion-
induced allograft sensitization. These findings
appear to confirm this suggestion but indicate
that the Cs dose is critical in maintaining this
effect.
It would also appear from this study that

the rabbit is a relatively Cs-sensitive species.
Although the minimum Cs requirement for
amplifying the beneficial influence of peri¬
operative transfusion on rabbit skin allografts
is a single treatment with 5 to 20 mg/kg,
mouse skin graft enhancement is only
achieved with a prolonged course (pretrans-
plant and posttransplant) of 100 mg/kg Cs
therapy and pregraft transfusion.6 Similarly,
experiments in the rat heart1 and kidney3
allograft models with pretransplant transfu¬
sion or specific donor antigen have required
relatively large doses of Cs to demonstrate the
allograft-enhancing synergy between the two
agents. In contrast, our recent observations in
the rabbit renal allograft model demonstrate
synergistic enhancement from pretransplant
transfusion administered with a single dose of
Cs of 20 mg/kg.4
In summary, the experiments show allo¬

graft enhancement due to the synergy
between perioperative transfusion and Cs that
appears to be Cs dose dependent. Further, the
indications that Cs rabbits, like humans, rep¬
resent a relatively-sensitive species may
encourage further study of vascularized and
nonvascularized allografts in this model with
a view to obtaining information relevant to the
promotion of improved human allograft sur¬
vival.
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These studies established the rabbit kidney model as an appropriate

way to study antibody-mediated destruction of vascularized organ grafts.

Donor-specific transfusions atone sensitized recipients to subsequent

renal allografts, but significant prolongation of survival was produced by

simultaneous CsA and blood transfusion when administered either

preoperative/y or peroperatively.



Enhancement of Renal Allografts by Simultaneous
Cyclosporine and Donor-Specific Blood Transfusion

D.M.A. Francis, P.J. Masendycz, L.J. Dumble, and G.J.A. Clunie

ALTHOUGH the precise mechanism bywhich pretransplant blood transfusions
benefit renal allograft survival remains uncer¬
tain, studies have shown that allogeneic blood
induces antigen-specific and nonspecific sup¬
pressor T lymphocytes12 and increases sup¬
pressor cell activity.1 Unlike azathioprine,
cyclosporinc (CsA) inhibits only a few dis¬
crete processes in the immune response and in
part appears to act by inhibiting lymphokinc
generation by helper T lymphocytes while
having a relative sparing efTcct on the activity
of suppressor cells.4 Therefore, the combina¬
tion of donor antigen (leading to induction
and activation of specific suppressor cells) and
CsA (inducing inhibition of helper T cell
function) could result in donor-specific unre¬
sponsiveness, which might benefit prospective
renal allograft recipients. This hypothesis was
tested in a rabbit model using a donor-specific
blood transfusion (DST) and CsA combina¬
tion.

MATERIALS AND METHODS

Two genetically distinct strains ofoulbrcd male rabbits
(2 to 3 kg) were obtained from geographically isolated
colonics. New Zealand White rabbits were used as blood
and kidney donors, and Anglo lop-eared rabbits were used
as recipients. Blood was collected in preservative-free
heparin and transfused intravenously (IV), each transfu¬
sion consisting of 20 mL of donor specific blood. Crystal¬
line CsA (donated by Sandoz Ltd. Basel was dissolved in
oil at 50 mg/mL prior to intramuscular injection, and the
dose was 20 mg CsA/kg body weight.
Orthotopic renal transplantation was performed under
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general anaesthesia5 on day 0 using a modification of the
technique described by Holler and co-workers.' The left
kidney of the donor was perfused in situ with 10 mL of
Ross' solution at 6 eC through the renal artery and then
excised with at least I cm of renal artery, vein, and ureter.
The kidney was stored in Ross' solution at 6 °C while the
recipient underwent a left nephrectomy. An immediate
orthotopic renal transplant was performed by end-to-end
anastomoses of the renal vessels with continuous 9/0
nylon sutures, and an end-to-end ureteric anastomosis
was fashioned over a I-mm internal diameter polyethyl¬
ene stent using interrupted 8/0 nylon sutures. Three days
later, recipients underwent a right (contralateral) neph¬
rectomy.
Experimental groups were treated cither preopera¬

tive^ (day - 7) or pcropcralivcly (day 0) as follows:
group I, control, no treatment; group 2. DST day -7;
group 3. DST and CsA day -7; group 4. DST day -7
and CsA day 0; group 5. DST and CsA day -7 and CsA
dayO; group 6. DST day 0; group 7. CsA day 0; and group
8. DST and CsA day 0.
Scrum creatinine and urea were measured at intervals

after transplantation. Graft survival was taken as the
number of days between the right nephrectomy (day 3)
and death from uremia. Technical failures were excluded.
The statistical significance of comparisons between renal
allograft survival of the experimental groups was assessed
with the Mann Whitney U test.

RESULTS

Survival times varied within each group, as.
is consistent with the use of oulbred animals.
The median graft survival time (GST) of
untreated rabbits (group 1) was 8.5 days
(Table 1). DST given alone preoperatively
(group 2) or peroperatively (group 6) reduced
GST (P > .5 and P < .02, respectively),
consistent with DST having caused sensitisa-
lion against donor antigens. There was no

statistically significant difference between
GSTs of animals transfused before or at the
lime of transplantation. A single dose of CsA
given to untreated rabbits at transplantation
(group 7) caused significant prolongation of
GST (P < .02). CsA given to animals that had
received DST 7 days previously (group 4) was

1464 Transplantation Proceedings. Vol XIX. No 1 (February), 1987: pp 1464-1466
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Tabla 1. Survival of Rabbit Ranal Allograft* Following Traatment With CiA and/or DST
Marfan

Group Oay of DST Oay of CaA n Graft Survival (days) (day*)

1 10 5.5. 7.7.8. 9. 10. 14. 15.25 8.5

2 -7 — 10 3.3. 5. 6,7.7.8.9. 11. 18 7

3 -7 - 7 8 6. 14. 31. 39. 44. >100 x 3 41.5
4 -7 0 7 3.6. 9.9.9. 10. 13 9

5 -7 -7 -t- 0 7 13. 13. 21. >100 X 4 100
6 0 — 10 3.3. 4. 4.6.7, 7. 7.8. 10 6.5
7 — 0 8 9.9. 10. 14. 18. 28.47. >100 16

8 0 0 9 12. 26.41.43. 72. >100x4 72

unable to prolong GST, however, suggesting
that these animals became sensitized and CsA
given at transplantation was unable to prevent
graft destruction by hyperacute rejection. The
combination of DST and CsA given preopera-
lively (group 3) or peropcrativcly (group 8)
significantly prolonged graft survival in com¬
parison with untreated animals (P < .02 and
P < .001, respectively). The synergistic nature
of this enhancing effect is demonstrated by
comparing GSTs of groups given pcropcrative
CsA alone (group 7) and pcropcrativc CsA
and DST (group 8): median GST 16 days and
72 days, respectively. (P < .03). Additional
CsA at the time of transplantation did not
improve graft survival in animals treated pre¬
operative^- with DST and CsA (group 3 x
group 5: P > .05).

DISCUSSION

The combination of DST and CsA, given
either prcopcrativcly or peropcrativcly, pro¬
duced synergistic enhancement of renal allo¬
grafts in outbrcd rabbit strains, with indefi¬
nite survival of almost half of the grafts.
Donor unresponsiveness was achieved by IV
administration of donor-spccilic antigen in
combination with a single dose of CsA. suffi¬
cient in itself only to delay graft rejection. The
result supports the hypothesis that DST-
induced or DST-activatcd specific suppressor
T cells whereas helper T cell inhibition was
induced by CsA.4 Yasumura and Kahan'
achieved a similar result in a rat transplant
model across a strong histocompatibility bar¬

rier, using a combination of a 3-day course of
CsA and an IV preparation of 3 mol/L of
KCI-cxlractcd donor antigen or donor blood
transfusion. Similarly, Homan and co-work¬
ers' found that pretreatment of LEW rats
with CsA for 14 days together with intraperi¬
toneal DA donor spleen cells synergistically
prolonged survival of renal allografts in a

strongly histoincompatible combination.
In the rat studies of Yasumura and Kalian'

and Homan and co-workers,* administration
of donor antigen alone before transplantation
did not lead to hyperacute rejection, in con¬
trast to the present study. Hyperacute rejec¬
tion can be induced in presensitized rodents
only by provision of exogenous complement
because of the ineffective rodent complement
system. Thus, the rat and mouse arc poor
experimental modeis for study of antibody-
mediated destruction of organ allografts,'
whereas hyperacute rejection of allografts
inevitably occurs in presensilized rabbits.10
Our preference for the rabbit model is given
further support by studies that indicate that
the major histocompatibility complex (MHC)
of the rabbit is related more closely to the
human MHC than is that of the mouse.

Tykocinski and colleagues" compared the
nucleotide sequence of the rabbit MHC class I
gene with that of the mouse and human and
found a significantly closer relationship
between the rabbit and human than between
the mouse and rabbit or mouse and human

sequences. Similarly, the rabbit M HC class 11
region has been shown to have greater homol¬
ogy with the human MHC than has that of the
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mouse.12 Analysis of rabbit class I MHC
antigens has shown greater structural similar¬
ity with HLA antigens than with murine H-2
antigens.11 Other studies have shown similari¬
ties between the T and B lymphocyte subpop-
ulalions of humans and rabbits.14-15

In conclusion, these studies confirm our

previous observations from rabbit skin allo¬
graft experiments'* that the rabbit. like

humans, is relatively sensitive to CsA. CsA
not only abrogated the sensitizing effect of
DST but. in combination with DST. synergis-
lically enhanced renal allograft survival
between outbred rabbit strains. The experi¬
ments give support to clinical studies" of DST
given during immunosuppression with CsA as
a means ofmanipulating the immune response
prior to live donor renal transplantation.
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Abrogation of Cyclosporine/Transfusion-Induced
Enhancement of Rabbit Skin Allografts

by Increased Cyclosporine Dosage
W.J.F. Smit, P.J. Masendycz, L.J. Dumble, D.M.A. Francis, and G.J.A. Clunie

Donor-specific pretranspiant bloodtransfusion may induce either enhance¬
ment or accelerated rejection of histoin-
compatible allografts. Experimental studies
indicate that concomitant pregraft blood
transfusion and the administration of immu¬

nosuppressive agents reduces the risk of sensi¬
tization while amplifying the enhancing
effect.1 3 These findings have important clini¬
cal implications, although the optimal timing
and dosage of concomitant immunosuppres¬
sion remain uncertian.

We previously demonstrated in the rabbit
skin allograft model that pretranspiant or

peroperative concomitant cyclosporine (Cs)
(20 mg/kg) amplifies the modest skin graft
prolongation induced by donor-specific blood
administered alone.4 The following experi¬
ments were performed to determine the Cs
dosage requirements for allograft enhance¬
ment with peroperative blood transfusion.

MATERIALS AND METHODS

Outbred male rabbits (2 to 3 kg) were obtained from
two genetically distinct and geographically isolated colo¬
nies. The Anglo lop-eared strain was used for the donation
of blood and skin and the New Zealand White strain was

used as recipient animals. Cs was provided by Sandoz
^ Basel, in the crystalline form; it was dissolved in oil at 50

mg/mL and injected intramuscularly (IM) at the appro¬
priate concentration. Donor-specific blood transfusions
were collected in preservative-free heparin on the day of
skin transplantation for the transfusion of a 20-ml vol of
blood via the marginal ear vein to recipients of appropri¬
ate animal groups. Skin from donor animals was grafted
to recipients in the manner described previously.2 Grafts
were inspected at daily intervals, and rejection was
recorded as the day when 50% necrosis was observed.
Experimental groups were treated peroperatively (imme¬
diately following the induction of anesthesia for skin-
grafting purposes) as follows: (1) nil, (2) 20 mL of blood,
(3) 50 mg/kg Cs, (4) 20 mg/kg Cs, (5) 5 mg/kg Cs, (6) I
mg/kg Cs, (7) 20 mL of blood plus 50 mg/kg Cs, (8) 20

mL of blood plus 20 mg/kg Cs, (9) 20 mL of blood plus 5
mg/kg Cs, and (10) 20 mL of blood plus 1 mg/kg Cs.
Blood transfusion to each recipient so treated was from
the animal providing the skin allograft.

RESULTS

Results from the ten different experimental
groups are shown in Table 1. Skin allograft
survival times of each group were compared
using a two-tailed Mann-Whitney U test.
Differences at the 5% level (P < .05) were
considered statistically significant.
The results indicate that the optimal Cs

dosage for the promotion of skin allograft
enhancement due to Cs/transfusion synergy is
20 mg/kg. The minimum Cs dosage require¬
ment for the enhancing synergism is 5 mg/kg,
at which dosage concomitant treatment
increases the mean survival time (>15.3 ±
12.3 days) to twice that observed in untreated
animals (7.1 ± 0.8 days). Maximum synergy
from Cs and blood was obtained from a Cs

dosage of 20 mg/kg at which the mean sur¬
vival time was 28.8 ± 16.1 days, four times
that of the untreated group.
Results from these experiments indicate

that the skin allograft enhancing synergy due
to concomitant Cs and blood transfusion has a

minimum Cs dosage requirement of 5 mg/kg.
Maximum prolongation of graft survival is
obtained from concomitant therapy in which
the Cs concentration is 20 mg/kg, but the
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Table 1. Effect of Donor-Specific Peroperative Blood Transfusion and Cs Dosage
on Rabbit Skin Allograft Enhancement

Skin Graft Survival Time Mean Allograft
Group 1 Peroperative Treatment (days) Survival (days :± SD)

1 Nil 6, 6, 7, 7, 7, 8, 8, 8 7.1 ± 0.8

2 20 mL Donor-specific blood 6, 7, 7, 8, 10, 16, 16, 19 11.1 ± 5.1

3 50 mg/kg Cs 9, 9, 10, 10, 10, 10, 10, 14 10.25 ± 1.6

4 20 mg/kg Cs 11,11,11,12, 12, 13, 13, 17 12.5 ± 2.0

5 5 mg/kg Cs 8, 8, 10, 11,11,11,11, 15 10.6 ± 2.2

6 1 mg/kg Cs 7, 7, 7, 7, 7, 7, 8, 9 • 7.4 ± 0.7

7 20 mL Donor-specific blood plus 50 mg/kg Cs CO CO CO CO CO CO o 9.0 ± 1.1

8 20 mL Donor-specific blood plus 20 mg/kg Cs 11, 12, 12, 17, 43, 45, 45, 45 28.8 ± 16.1

9 20 mL Donor-specific blood plus 5 mg/kg Cs 8, 9, 10, 11,11,11, 17, >46 >15.3 ± 12.3

10 20 mL Donor-specific blood plus 1 mg/kg Cs 6, 7, 7, 7, 7, 8, 1 1, 11 8.0 ± 1.9

Allograft prolongation with statistical significance at 5% level: group 3 as compared with group 1, P < .0009 and group 6,
P < .001; group 4 as compared with group 1, P < .0009; group 3, P < .01; group 6, P < .0009; group 7, P < .002, and group
10, P < .003; group 5 as compared with group 1, P < .003; group 6, P < .003, and group 10, P <; .03; group 7 as compared
with group 1, P < .005 and group 6, P < .007; group 8 as compared with group 1, P < .0009; group 2, P < .02; group 3, P <

.003; group 5, P < .005; group 6, P < .0009; group 7, P < .001 and group 10, P < .001; group 9 as compared with group 1,
P < .002; group 6, P < .002, and group 10, P < .02.

synergy between transfusion and Cs is abro¬
gated by 50 mg/kg of Cs.

In summary, these experiments demon¬
strate that peroperative blood transfusion and
Cs administered together produce allograft
enhancement and that the synergy is Cs dose-
dependent. The fate of a skin allograft follow¬
ing peroperative blood transfusion is deter¬
mined by the dose-dependent modifications
that Cs imparts to the transfusion. These
findings may have clinical implications and
suggest that further investigation is necessary

to determine the optimal conditions for
administering blood and immunosuppressive
agents.
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Cyclosporine Regulation of Blood Transfusion Sensitizing
and Enhancing Potential in Rabbit Skin

Allograft Recipients
W.J.F. Smit, L.J. Dumble, D.M.A, Francis, and G.J,A. Clunie

PRETRANSPLANT blood transfusion isassociated with improved allograft sur¬
vival in man1 and experimental animals.2
Although blood transfusion has the dual
potential to induce allograft enhancement or
sensitization it was generally believed that the
benefits of deliberate pregraft transfusion out¬
weighed the inherent risk of sensitization.
More recent clinical studies3 in cyclosporine
(Cs) immunosuppressed renal transplant
recipients have failed to confirm the positive
effect of transfusion on graft survival. These
experiments were performed to determine the
dosage effects of Cs and blood transfusion.on
allograft survival in the rabbit skin allograft
model, where peroperative concomitant Cs
and donor-specific transfusion had been previ¬
ously demonstrated to abrogate sensitization
and to induce significant graft enhancement.4

MATERIALS AND METHODS
u

Outbred male rabbits (2 to 3 kg) were obtained from
two genetically distinct and geographically isolated colo¬
nies. The Anglo-lop eared strain was used for the donation
of blood and skin and the New Zealand White strain was

used as the recipient animal,
Cs was provided by Sandoz Company, Basel, Switzer¬

land. The crystalline powder was dissolved in oil at 50
mg/mL and injected at the appropriate concentration.
Donor-specific transfusions were collected in preserva¬

tive-free heparin on the day of skin transplantation and
the appropriate blood volume was administered intrave¬
nously (IV) via the marginal ear vein to recipients from
the respective animal groups. Skin from donor animals
was grafted to recipients in thd manner previously
described.5 Grafts were inspected daily and the rejection
time recorded as the day on which 50% necrosis occurred,
Experimental groups of eight recipient animals were
treated peroperatively as' follows: (I) Nil; (2) 50 mg/kg
Cs; (3) 20 mg/kg Cs; (4) 5 mg/kg Cs; (5) I mg/kg Cs;
(6) 40 mL of blood IV; (7) 20 mL of blood IV; (8) 10 mL
of blood IV; (9) 5 mL of blood IV; (10) 1.2 mL of blood
IV; (11) 40mLof blood IV plus 50 mg/kgCs;(l2) 40 mL
of blood IV plus 20 mg/kg Cs; (13) 40 mL of blood IV

plus 10 mg/kg Cs; (14) 20 mL of blood IV plus 50 mg/kg
Cs; (15) 20 mL of blood IV plus 20 mg/kg Cs; (16) 20 mL
of blood IV plus 5 mg/kg Cs; (17) 20 mL of blood IV plus
I mg/kg Cs.

RESULTS

Skin graft survival times of eight recipients
.in the 17 experimental groups are shown in
Table 1 together with the mean survival lime,
A comparison of the results obtained from
animal groups receiving peroperative Cs and/
or transfusion treatments was made using' a
two-tailed Mann-Whitney U test. The P val¬
ues of significant allograft prolongation
obtained from any of the treatments are
recorded in Table 2. The minimum concentra¬
tion of Cs (group 5, 1 mg/kg) failed to
improve graft survival compared with un¬
treated animals (group 1) or any of the treat¬
ment groups. Greater concentrations of Cs
(50 mg/kg. 20 mg/kg, and 5 mg/kg, groups 2.
3, and 4) induced graft survival that was
significant when compared with that obtained
in untreated animals or in animals receiving 1
mg/kg Cs alone or transfusion with volumes
40 mL (group 6), 10 mL (group 8), 5 mL
(group 9). or 1.25 mL of blood (group 10).
However, the 20 mg/kg Cs dosage was the
optimal concentration in this model, as it
induced graft survival that was significantly
improved when compared with that obtained
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Table 1. The Effect of C» Dosage and Blood Volume on Rabbit Skin Allograft Survival

Group Paroparativ* Treatment

Skin Graft
Survival Time

Id)

Mean Allograft
Survival
Id x SO)

2

3
4

5

6

7

8

9

10

11

12

13

14

15

16

17

Nil

50 mg/kg Cs
20 mg/kg Cs
5 mg/kg Cs
1 mg/kg Cs
40 ml donor-specific blood
20 ml donor-specific blood
10 ml donor-specific blood
5 ml donor-specific blood
1,2 ml donor-specific blood
40 ml donor-specific, blood -

50 mg/kg Cs
40 ml donor-specific blood -

20 mg/kg Cs
40 ml donor-specific blood ■

10 mg/kg Cs
20 ml donor-specific blood
50 mg/kg Cs

20 ml donor-specific blood
20 mg/kg Cs

20 ml donor-specific blood
5 mg/kg Cs

20 ml donor-specific blood
1 mg/kg Cs

6.6.7.7.7.8.8.8
9.9.10.10.10.10.10.14
11,11,11,12,12,13,13,17
8.8.10.11.11.11.11.15
7.7.7.7.7.7.8.9
6.7.7.7.7.7.7.8
6,7,7,8,10,16.16,19
7.7.8.8.8.8.9.10
7,7,8,9,9,9.9,10

6.7.7.8.8.8.8.9
8,9,10,10,10,1 1,12,12

8.10,10,10.10,10,17.19

7,7,8,8.9,10,12,13

8,8,8,9,9,9,10,1 1

1 1,12,12,17,43,45,45,45

8,9,10,11.11.11,17, >46

6,7,7,7,7,8,1 1.1 1

7.1 x 0.8
10.25 x 1.6

12.5 x 2.0
10.6 ± 2.2
7.4 x 0.7
7.0 x 0.5

11 1 x 5.1
8.1 x 1.0
8.5 x 1.1

7.6 x 0.9

10.3 x 1.4

11.8 x 4.0

9.3 x 2.3

9.0 x 1.1

28.8 x 16.1

>15.3 x 12.3

8.0 x 1.9

when 50 mg/kg or 5 mg/kg Cs were adminis¬
tered (P < .007 and P < .05). The 20 mg/kg
Cs treatment was also a more effective means

of extending graft survival than concomitant
therapies of 40 mL blood and 50 mg/kg Cs
(group 11, P < .01), or 40 mL of blood and 10
mg/kg Cs (group 13, P < .02) or 20 mL of
blood and 50 mg/kg Cs (group 14.
P < .0003), or 20 mL of blood and 1 mg/kg
Cs (group 17, P < .001). Transfusion without
Cs in 40 mL (group 6), 20 mL (group 7), 10
mL (group 8), or 1.2 mL volumes (group 9)
failed to prolong graft survival times com¬
pared with untreated animal groups receiving
Cs alone, although results with 10 mL and 20
mL of blood alone were significantly better
(P < .02 and P < .01, respectively) than those
obtained with 40 mL of blood alone, a treat¬
ment that resulted in the minimum mean

survival time. Concomitant treatments with
40 mL of blood and 50 mg/kg Cs (group 1 I),
or 20 mg/kg Cs (group 12), or 10 mg/kg Cs

(group 13), induced significant graft prolon¬
gation compared with untreated animals
(P < .0003, P < .0003, and P < .04, respec¬
tively), with animal groups treated with 1
mg/kg Cs alone. (P < .0006, P < .0003, and
P < .05), or with 40 mL of blood alone
(r < .0002, P < .002, or P < .01). Concomi¬
tant 40 mL blood with 50 mg/kg Cs or 20
mg/kg Cs also induced significant graft pro¬
longation compared with 10 mL, 5 mL, and
1.2 mL transfusion administered alone and
compared with concomitant 20 mL blood and
1 mg/kg Cs. Concomitant treatment with 20
mL blood and 20 mg/kg Cs (group 15)
induced a mean survival time of 28.8 days
(±16.1) that was significantly prolonged com¬
pared with all other treatment groups except
group 3, which received 20 mg/kg Cs alone
and had a mean survival time of 12.5 ± 2.0
days. Combination treatment with 20 mL of
blood and 5 mg/kg Cs (group 16) also had
significant impact on graft survival compared
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Tabls 2. P Value* at >5% Level of Significance for Difference* in Rabbit Skin Allograft Survival Due to
Peroperative C* and/.or Blood Transfusion

Animal

Group
No.

Peropertive
Pc/tn Rnuo r\f

P Valuea ol Prolonged Skin Grah Survival Time*
Animal Group Number

vs/ity QOio onu/o*

Blood Voluma 2 3 4 8 9 11 12 13 14 15 16

1 Nil .0002 .002 .001 .02 .0003 .0003 .04 .002 .0002 .0003

2 50 mg Cs — .007 .001

3 20 mg Cs —

4 5 mg Cs .05 — .003

5 1 mg Cs .0003 .0002 .001 .05 .0006 .0003 .05 .005 .0002 .0006

6 ■ 40 mL blood .0002 .0002 .0003 .02 .01 .0002 .0002 .01 .0003 .0002 .0002

7 20 mL blood .02

8 10 mL blood .003 .0002 .01 - .007 .004 .0002 .0005

9 5 mL blood .01 .0002 .03 - .02 .01 .0002 .01
10 1.2 mL blood .0003 .0002 .005 .001 .001 .02 .0002 .001

11 40 mL blood + 50 mg Cs .01 — .002
12 40 mL blood + 20 mg Cs — .007
13 40 mL blood + 10 mg C* .02 — .003
14 20 mL-blood + 50 mg C» .0003 — .002 .05
15 20 mL blood + 20 mg C* —

16 20 mL blood + 5 mg Cs .05 —

17 20 mL blood + 1 mg Cs .001 .03 .03 .04 .0003 .01

I
I

• with other treatments, where the mean sur¬
vival time of >15.3 ± 12.3 days with superior
to that obtained from 20 mL of blood and 50
mg/kg Cs (P < .05) and from 20 mL of blood
and 1 mg/kg Cs (/> < .01).

DISCUSSION

These results indicate that the modest
enhancement of rabbit skin allografts due to
peroperative Cs or blood transfusion is dose
dependent, 20 'mg/kg of Cs and 20 mL of
blood being the optimum amount of each
within the constraints of these experiments.
An increase in the peroperative Cs dose from
20 mg/kg to 50 mg/kg results in a significant
decrease in skin graft survival time, to the
extent that the mean survival time from 50
mg/kg is no greater than that observed in
untreated animals. As the predominant effect
of Cs is to interfere with helper T lymphocyte
function without extensively interfering with
the activation and proliferation of suppressor
T lymphocyte(s),6 it is possible that our results
indicate that lymphocyte subpopulations have
a differential sensitivitv to Cs. Hence if Cs

sparing, then an excessive Cs dosage, such as
50 mg/kg in this model, maylimil that mech¬
anism of allograft protection, while the mini¬
mum Cs dose used, 1 mg/kg, was insufficient
to limit the T helper lymphocyte-mediated
mechanisms of graft rejection.
Similarly, the allograft benefit from per¬

operative transfusion was only evident from
20 mL of blood, with smaller blood volumes
proving .ineffective and the larger blood vol¬
ume 40 mL, tending to induce sensitization',
with grafts being rejected at least as rapidly as
in untreated recipients. Since this modest
graft enhancing effect from 20 mL of blood is
not amplified by a twofold increase in blood
volume, this may indicate that transfusion-
induced sensitization and enhancement have
differential response curves. Given that the
enhancing rpechanism has peak opportunity
from 20 mL of blood, any additional amount
may serve the transfusion-induced sensitizing
mechanism. There arc no clinical studies that
assess the enhancing or sensitizing role of
blood transfusion volumes. The findings
reported here may parallel the clinical situa¬
tion. whp.rp. <;ftn<;itiv«linn rvf lhr» r#».nal
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transfusions.7 This is not supported by data
from the multicenter study, which indicates
that the extent of transfusion-induced renal

transplant enhancement is proportional to the
number of pregraft blood transfusions admin¬
istered.' However, the donor-specific anti¬
genic dose cannot be estimated from studies of
random third-party transfusion where the
ultimate benefit to the transplant may be due
to the chance encounter with transplant-
specific antigens that improve with each blood
unit administered. It is also true that the
effect of pregraft transfusion with or without
immunosuppression on human allografts can¬
not be clearly specified, since posttransplant
immunosuppression is routinely a'dministcrcd.
In animals where the effect of pretransplant
transfusion alone is more precisely defined,
the influence is variable with, for example,
modest prolongation9,10 to acute rejection10"
being reported from rat and dog allograft
studies and accelerated rejection a frequent
result in mouse recipients.12

Results from experimental groups receiving
peroperative concomitant Cs.and transfusion
identify the synergy between the-two agents,
particularly when combined at the 20 mg/kg
Cs dose and 20 m'L biood volume which, when
used alone, induced the greatest degree of
beneficial effect on the subsequent skin graft.
This synergy, which has been recognized in a
number of experimental models,2,4 remained
evident when the Cs dosage was reduced to 5
mg/kg but'was abrogated by 50 mg/kg Cs.
This finding, is consistent with those of Kahan
and colleagues,13,14.who, in demonstrating Cs
transfusion synergy in the rat allograft model,
suggest that high-dose or prolonged-course Cs
diminishes the transfusion-induced transplant
enhancement. Donor-specific prctransplant
blood has been administered with concomi¬
tant immunosuppression in many clinical cen¬
ters, where results indicate that the benefit to
subsequent transplants15,16 is preserved. There

are some reservations regarding the choice of
immunosuppressive drug, since azathioprinc
treatment of hemodialysis patients is asso¬
ciated with leukopenia17 and there are now
doubts regarding pretransplant transfusion
benefits to Cs immunosuppressed recipients of
renal transplants." The demonstrated Cs reg¬
ulation of. the transfusion-induced allograft
benefit is not at variance with the clonal
deletion hypothesis,19 where the graft prolon¬
gation obtained with the optimal concentra¬
tions of Cs and blood can be taken to indicate
that 20 mg/kg Cs is sufficient to delete the
transfusion-induced sensitizing clones without
damage to the clones responsible for mediat¬
ing allograft enhancement.
These experiments demonstrate a critical

dose dependency between peroperative trans¬
fusion and concomitant immunosuppression
synergy. The beneficial influence to the allo¬
graft is lost where the transfusion volume and
Cs dosage are increased.to twice that of the
optimal concentrations and the sensitizing
mechanism again becomes the dominant
influence. It would appear that the important
factor in this situation of high-dose Cs is its
inhibition of the recipient sensitizing and
enhancing responses. As when 50 mg/kg is
administered alone, this Cs dosage with con¬
comitant transfusion fails to prolong allograft
survival. This is most likely due to the differ¬
ential Cs sensitivity of the recipient mecha¬
nisms, which interact to determine the ulti¬
mate treatment effect on allograft survival
and is an important factor for consideration in
clinical pregraft transfusion programs. Cer¬
tainly, approaches that address the sensitizing
potential of transfusion in heated,20 stored,21
or UV-irradiated22 blood and thereby dimin¬
ish the dosage required in concomitant immu¬
nosuppression regimens are likely to prove
useful in developing protocols that protect the
beneficial influence of transfusions to subse¬
quent transplants.

Opelz G, Graver B, Tcrasaki PI: Lancet
1981
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This article reported the results of 179 renal allografts in rabbits,

using a technique of end to end vascular anastomosis and uretero-ureteric
anastomosis over a polyethylene stent. This technique, which is based

on that described initially by Holter gave a low incidence of technical

failure and avoided the paraplegia common in previous techniques which

involved damping of the inferior vena cava or aorta.



Aust. N.Z. J. Surg. 1990, 60, 45-49 45

SURGICAL RESEARCH

MODEL OF ORTHOTOPIC RENAL TRANSPLANTATION
IN THE RABBIT

D. M. A. Francis, R. J. Millar, L. J. Dumble and G. J. A. Clunie
Department ofSurgery, University ofMelbourne, Royal Melbourne Hospital, Parkville, Victoria
A microsurgical method of orthotopic renal allotransplantation in the rabbit is described, and the results of 179
consecutive procedures are presented. There were 10 (5.5%) deaths within 1 week of transplantation. Early
complications included vascular thrombosis (4.4%), and obstruction (6.7%) and fistula formation (0.6%) at
the uretero-ureteric anastomosis.

This method of end-to-end vascular and ureteric anastomoses is straightforward and, in contrast to other
models, does not require occlusion of the recipient inferior vena cava or aorta, use of a long segment of donor
ureter, or operation on the recipient bladder.

Key words: rabbit, renal transplantation.

Introduction

Experimental studies of vascularized allografts re¬
quire animals with anatomical, physiological and
immunological attributes similar to those of
humans if conclusions from such studies are to be

applied in clinical situations. Our studies of renal
allograft potentiation and recipient sensitization by
pretransplant blood transfusion required a trans¬
plant model which, like man, could express evi¬
dence of sensitization to donor antigens. The rabbit
(Oryctolagus cuniculus) is an appropriate animal
for these studies because it can exhibit hyperacute
allograft rejection after prior active or passive im¬
munization, and it is of sufficient size to allow
intra-abdominal surgery to be undertaken.1-3
A microsurgical technique of orthotopic renal

transplantation in the rabbit has been developed in
the laboratory, and the results of 179 consecutive
procedures are presented.

Methods

ANIMALS

New Zealand white rabbits were kidney donors and
Anglo lop-eared rabbits were recipients (all were
female). Rabbits were housed in a dedicated air-
conditioned room at 23°C with a 12 h dark-light
cycle. All procedures were performed under gener¬
al anaesthesia (D. M. A. Francis, W. J. F. Smit &
G. J. A. Clunie, unpubl. data). Animals were fas¬
ted overnight prior to surgical procedures but were
allowed water freely.

Correspondence: Mr D. M. A. Francis, Associate Professor
(Clinical), Department of Surgery, Clinical Sciences Building,
Royal Melbourne Hospital, Parkville, Vic. 3050, Australia.
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ETHICAL CONSIDERATIONS

Animals were maintained and cared for in accord¬
ance with the requirements of the Animal Ethics
Committee of the Royal Melbourne Hospital, based
on the guidelines of the National Health & Medical
Research Council of Australia, and operated on
under licence from the Department of Agriculture,
Government of Victoria.

SURGICAL INSTRUMENTS

An operating microscope (Zeiss, West Germany)
with magnification of 12.5 was used by the opera¬
tor and assistant for all anastomoses. Microsurgical
instruments included temporary occlusion clamps
(Week and Co., N. Carolina), Stenning-Barroquer
needle holder (Stenning, Sydney) and Jewellers For¬
ceps No. 5 (Dumont Surgical, Neuhausen, Switzer¬
land). All instruments were washed thoroughly and
placed in alcoholic chlorhexidine for a few minutes
before use. Operations were performed with a clean
but not sterile technique, and surgical gloves were
not worn.

DONOR NEPHRECTOMY

Although either kidney was used as the donor
organ, the left was preferred because of the longer
left renal vein and, on the right side, the origin of
the adrenal artery reduced the available length of
the right renal artery. After shaving the abdomen, a
full length midline incision was made and the intes¬
tine placed outside the abdominal cavity and cov¬
ered by damp gauze. The renal artery and vein were
exposed by incising horizontally the peritoneum
adjacent to the renal hilum. While mobilizing the
full length of the renal vessels, care was taken not
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to avulse small venous tributaries. The kidney was
perfused in situ with 10 mL of Ross's solution at
6°C by direct injection into the renal artery via a 27
gauge (0.4 X 13 mm) angled needle.4 As the needle
was inserted into the renal artery pointing towards
the kidney, a microvascular occlusion clamp was
applied proximal to the site of puncture and per¬
fusion commenced. Immediate and uniform pallor
indicated ideal perfusion (Fig. 1). The renal vein
was clamped, the perfusion needle removed from
the renal artery and both vessels were transected,
preserving as much length as possible with the kid¬
ney. The ureter was mobilized and transected so
that a 2 cm length was included with the kidney.
After incising the peritoneum, the kidney was lifted
from its bed and stored in Ross's solution at 6°C.
After ligating the renal vessels, the abdomen was
closed in two layers with continuous 3/0 prolene.

RENAL TRANSPLANTATION

Orthotopic renal transplantation was performed
only on the left side because of the short length of
the right renal vein. After mobilization, the left
renal artery and vein were occluded by micro¬
vascular clamps placed as close to their origin as
possible, and then transected close to the renal
hilum, thereby preserving the maximum length of

each vessel. The proximal ureter was mobilized and
divided close to the kidney, which was then
removed. The donor kidney was wrapped in damp
gauze and placed in the renal bed. A short strip of
coloured plastic was placed beneath the donor and
recipient vessels and ureter to facilitate accurate
suture placement. End-to-end vascular anastomoses
were fashioned using a 9/0 nylon suture with a
6 mm taper needle, the arterial anastomosis being
performed first. Adjacent ends of vessels were
cleared of adventitia and positioned so that kinking
would not occur after anastomosis. Two sutures

were inserted at the upper and lower borders of the
ends of the donor and recipient arteries, and tied.
The two short ends were held by the assistant so
that the operator could insert a continuous line of
sutures through the full thickness of each artery,
taking small frequent 'bites'. On completion of the
anterior suture line, the suture was tied and the
artery was rotated through 180° so that the posterior
anastomosis could be completed. The venous anas¬
tomosis was performed in the same manner (Figs 2,
3). Care had to be taken not to injure the thin-
walled veins and to allow sufficient length of suture
along the anastomosis to avoid stenosis once the
vein was distended with blood. After releasing the
microvascular clamps, the kidney rapidly regained

Fig. 1. Perfusion of the left kidney by direct injection into
the renal artery.

Fig. 2. Commencement of the end-to-end venous anas¬
tomosis by placement of two 'stay' sutures (X 4.4).

Fig. 3. Completion of the posterior suture line of the
venous anastomosis (X 4.4).

Fig. 4. The renal allograft after revascularization and
completion of the uretero-ureteric anastomosis (X 1.1).
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its normal colour if the anastomoses were satisfac¬

tory. Haemorrhage from either anastomosis, if it
occurred, was controlled easily by placing strips of
absorbable gelatin sponge (Gelfoant, Upjohn Co.,
Kalamazoo, USA) at points of leakage. An end-to-
end ureteric anastomosis was performed over a
1.5 cm length of 1.0 mm diameter internal poly¬
ethylene stent placed into the donor and recipient
ureters. Six interrupted sutures of 8/0 silk on a
6 mm taper needle were used (Fig. 4), taking care
to ensure that the full thickness of the ureter was

included in each suture. The abdomen was then
closed. Each rabbit received intramuscularly peni¬
cillin 40000U/kg bodyweight.

CONTRALATERAL NEPHRECTOMY

Contralateral (right) nephrectomy was performed
either 24 or 72 h after transplantation, depending on
the experiment. The abdomen was reopened and, if
the transplanted kidney appeared satisfactory, con¬
tralateral nephrectomy was performed by mass
ligature of the renal vessels, ligation of the ureter
and excision of the kidney. The ureteric stent was
found only occasionally at the site of the transplant
uretero-ureteric anastomosis and no attempt was
made to retrieve it from the ureter or bladder.

Results

After the technique was developed, eight consecu¬
tive technically successful autografts were per¬
formed and the animals allowed to survive for 100

days before allograft experiments were started.
There were 179 renal allografts performed. The
duration of follow-up was short because of the
nature of the experiments, the median follow-up
being 13 days (range: 1-100 days). Ten (5.5%)
recipients died within 1 week of transplantation,
seven amongst the first 40 cases. All underwent
post-mortem examination and causes of death were

postoperative haemorrhage (six animals), wound
dehiscence (two), pulmonary infection (one), and
intestinal ischaemia (one).
There were eight (4.4%) vascular complications

detected 3 days after transplantation: three cases of
renal vein thrombosis, three of renal artery throm¬
bosis, and two of graft thrombosis in which the
main renal vessels were patent. Twisting or kinking
of the vessels caused all but one case of venous
thrombosis and all cases of arterial thrombosis,
while hyperacute rejection was thought to have
caused the graft thromboses.
Dilatation of the renal pelvis and ureter was ob¬

served in approximately 25-30% of transplanted
kidneys at the time of contralateial nephrectomy.
Antegrade nephrostomy was performed in all such
cases by passing a length of 1.0 mm polyethylene
tubing into the renal pelvis from the convex lateral

border. Urinary obstruction was diagnosed if (i) the
kidney was enlarged and tense, (ii) if urine was
present under pressure, and (iii) if the nephrostomy
tube could not be advanced through the uretero-
ureteric anastomosis. Anastomotic obstruction
occurred in 12 cases (6.7%), and was due to blood
clot in three. Relief of obstruction was achieved
either by advancing the polyethylene nephrostomy
tube to dilate the anastomosis, or by opening the
ureter below the anastomosis and placing an inter¬
nal stent through the anastomosis. There was one
urinary fistula which could not be repaired.

Discussion

Several techniques of renal transplantation in the
rabbit have been described, suggesting that none is
entirely satisfactory. 1_:,,5~16 In most reports, tech¬
nical difficulties have not been analysed fully, and
failure to provide adequate data and operative
results has prevented comparison of different tech¬
niques. In vascularized allograft experiments, it is
essential that technical failures are excluded so that

apparently short graft survival is not attributed erro¬
neously to immunological mechanisms.
End-to-end anastomosis of respective renal

vessels is a straightforward technique and takes
approximately 15-25 min. It is important to
achieve intimal apposition with slight eversion of
adjoined cut ends of vessels without producing
anastomotic stenosis. End-to-end arterial anas¬

tomoses in rabbit renal transplantation have been
performed by others.3,613 The only reported opera¬
tive results are those of Holter et al. who had a

10% thrombosis rate.13 Heron used a 1.5 mm

polyethylene external cuff placed over the end of
the recipient renal artery or vein, which was then
everted over the cuff; the donor vessel was dilated
and drawn over the cuff and held in place by a
circumferential ligature.8 In a series of 32 renal
allografts using this technique, Heron had two
cases of venous thrombosis (6%) and six other
cases of arterial thrombosis (19%). The cuff tech¬
nique has been used by others, and Dunn reported
no vascular complications in the last 100 of a series
of 400 rabbit renal allografts.2,10"12,14
Three authors described end-to-side anastomoses

between the renal vessels and lower abdominal
aorta or inferior vena cava (IVC).1,7,9 In a series of
180 allografts, Lund had a 2% incidence of throm¬
bosis of the renal artery or aorta and a 15%
incidence of renal vein thrombosis.7 Also, 10% of
rabbits postoperatively developed flaccid paralysis
of the hind legs, presumably due to nerve damage
or ischaemia from mobilizing and cross-clamping
the aorta. Jacobsen had four cases of venous or

arterial thrombosis and only one case of flaccid
paralysis of the hind legs in the last 100 of a series
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of 500 rabbit renal allografts.9
Owen et al. described a somewhat complicated

technique of venous anastomosis in which the
recipient IVC was ligated and divided, and a poly¬
ethylene tube, introduced into the cephalad IVC
and advanced into the left renal vein, was used as a
stent for an end-to-end venous anastomosis; on

completion, the stent was withdrawn and the IVC
was ligated.6 Results obtained with this technique
were not discussed.

Bayuk and Schmidlapp described a technique of
removing both kidneys en bloc with segments of
aorta and IVC from the donor and, after transecting
the recipient's aorta and IVC below the renal ves¬
sels, inserted the en bloc preparation between the
transected recipient vessels and restored vascular
continuity by the cuff technique of Heron.5,8 Bayuk
reported no postoperative leaks or other complica¬
tions in 11 procedures.5
In the present series of 179 rabbit renal

allografts, an end-to-end ureteric anastomosis over
an internal stent was performed. The stent facilitat¬
ed correct placement of sutures and ensured luminal
patency, at least until the stent passed distally. Mc-
Dowall et al. used an end-to-end technique without
a stent in 24 transplants but did not comment on
technical results.3 Lund used the end-to-end tech¬

nique without an internal stent in 20 cases but found
that closure of the ureter occurred invariably after
1-2 days.7 Holter et al. used a short internal poly¬
ethylene stent inserted into the donor and recipient
ureters, the adjacent ends of which were held in
apposition by circumferential sutures placed around
each ureter over the stent.13 Holter claimed that this
method was quicker than ureteroneocystostomy, and
was 'virtually leak proof'. Jacobsen also used this
technique but did not report any results.9
Most experimenters have implanted the donor

ureter into the bladder, either directly, or with a
small patch of donor bladder.1,2,5-12 Dunn described
a technique of ureteroneocystostomy in which the
transplant ureter was held in the bladder by a single
suture and then full thickness bladder wall was

sutured around the lowermost extravesical part of
the ureter to create an antireflux tunnel.10,11 With
this technique, about 20% of grafts showed some
degree of obstruction, and the urinary fistula rate
was 4%. Jacobsen used this technique and found
that 10 of 100 transplants developed ureteric ob¬
struction due to fibrous stenosis within 1 month of

transplantation.9 Others have performed ureteroneo¬
cystostomy without an antireflux tunnel, but opera¬
tive results have not been reported.1'2,5-7,9,12
The model of delayed contralateral nephrectomy

had several advantages. First, it allowed the trans¬
plant to recover from ischaemic damage resulting
from retrieval and transplantation, while the re¬
cipient was not dependent upon the graft for renal

function. Second, technical aspects of the trans
plant procedure could be assessed and corrected i
necessary, or the animal could be withdrawn fron
the experiment if an irremediable technical problen
was discovered. Thus, a potential source of erroi
(namely, early technical failure) could be climinat
ed. Third, transplant biopsy could be performec
under direct vision, thereby avoiding the hazards o;
percutaneous biopsy.

In conclusion, the described method of renal trans
plantation is straightforward and takes approximatel)
45-60 min. Although end-to-end anastomosis o)
renal vessels involves operating on vessels of 0.75-
I.5 mm external diameter, it is believed that this i:
preferable to mobilizing and cross-clamping the in-
frarenal abdominal aorta and IVC, a procedure
which is tolerated poorly by rabbits. End-to-end
uretero-ureteric anastomosis with an internal sten
has been associated with relatively few early com¬
plications. A significant advantage of the delayed
contralateral nephrectomy model is that the grafl
can be inspected some time after transplantation
and technical problems can be recognized.
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This new model allowed more direct comparison with our related

work in the mouse and avoids the paraplegia which is common in the

rabbit with cross-damping of the aorta and IVC. The technique is based

on the end to end anastomotic techniques used by Fisher and Lee in the

mosue and Hoiter and ourselves in the rabbit for kidney transplants.
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A RABBIT MODEL FOR HETEROTOPIC CARDIAC TRANSPLANTATION1

In studying allograft rejection in the rabbit, we have used
skin grafts (1) and primary vascularized kidney transplants (2)
to investigate the effects of immunosuppressive drugs on rejec¬
tion processes. To compare the effects of these reagents on
different grafted tissues in the rabbit model, and with results
obtained from the mouse model for heterotopic cardiac allo¬
grafting (3, 4), we have developed a new technique for cardiac
allografting in the rabbit where the coronary circulation is
linked to the host's renal vessels.
Outbred rabbits were obtained from Commonwealth Serum

Laboratories, Melbourne (CSL rabbits) and Tillside Rabbit
Stud N.S.W., Australia (New Zealand White rabbits), and were
between 2-6 months of age, sex-matched within experiments,
and weighed 2-3 kg. Rabbits were housed and maintained in
the Department of Surgery (Royal Melbourne Hospital) animal
facilities according to the official guidelines of the National
health and Medical Research Council.

Surgical anesthesia was induced by intramuscular adminis¬
tration of a mixture of fentanyl citrate (0.945 mg/kg)/fluani-
sone (3.0 mg/kg) and midazolam 2.0 mg/kg i.v. The duration
of anesthesia was 30-45 min, but if a longer period of anesthesia
was required supplementary doses of fentanyl citrate/fluani-
sone (at 50% of the induction dose) were administered every
30 min. If respiratory depression occurred, it was reversed with
naloxone 0.1 mg/kg i.p. or i.v.
The recipient was prepared for grafting prior to procurement

of the donor organ in order to reduce the ischemic times. A
midline laparotomy was performed, the bowel was exteriorized
and kept cool and moist, and the aorta, inferior vena cava, and
left-kidney vessels were exposed. Under X12.5 magnification
(Zeiss Operating Diploscope), the left renal artery, vein, and
kidney were mobilized from the retroperitoneal fat. The ureter
was ligated with 4-0 silk ties and divided. The renal artery,
then the renal vein were clamped close to the great abdominal
vessels, divided approximately 0.5 cm distal to the clamps, and
the kidney removed.
Prior to removal of the donor heart, 5000 U heparin was

1 This work was supported in part by the National Heart Foundation
of Australia.

administered i.v. An upper midline abdominal incision was
made and extended cranially in the midline to the root of the
neck. Bilaterally running subcostal incisions were extended
from the midline into the flanks. The skin and subcutaneous
tissue were dissected free from the chest wall raising laterally
based flaps, and the subcostal incisions were extended through
the full thickness of the upper abdominal wall and into the
abdominal cavity above the liver. The chest was entered via
two lateral incisions through the rib cage after the diaphragm
was divided. The anterior chest wall was retracted cranially
bringing the heart and lungs into view. The pericardium was
dissected free, and a 4-0 silk tie placed around the inferior vena
cava and right lung hilum. The right and left superior vena
cavae were ligated with 4-0 silk ties and divided. The left
pulmonary artery was dissected, and a small incision made
close to the hilum of the left lung as an outlet for the perfusion
fluid. The descending aorta was mobilized and a small incision
made to enable coronary perfusion. The left lung hilum was
then ligated with a 4-0 silk tie, and the left lung removed. In
situ perfusion of the heart was performed by slowly injecting
20 ml of cold RTPBS/heparin* via the incision in the descend¬
ing aorta. (Rabbit tonicity saline: 0.725 g Na2HP04, 0.211 g
KH2P04, 7.65 g NaCl, 25,000 U heparin in 1 L distilled water.)
The aortic arch was dissected with removal of the thymus,
allowing exposure of the brachiocephalic trunk, left common
carotid artery, and the left subclavian artery. These
vessels were divided as distally as possible to the aortic arch.
After dividing the inferior vena cava and removal of the right
lung, the heart was removed from the chest and placed in 4°C
RTPBS/heparin. Total ischemic time was measured from li¬
gation of the inferior vena cava to coronary reperfusion with
an average time of 10-15 min ofwarm, and 1 hr of cold ischemia.
For the anastomosis, the aortic branch most compatible in
diameter to the renal artery was usually the left common carotid
artery. The descending aorta and branches that were not used
were ligated with 6-0 nylon ties. The left pulmonary artery was
divided where the initial incision was made and dissected free

* Abbreviation: RTPBS/beparin, heparinized rabbit tonicity phos¬
phate-buffered saline.



836 TRANSPLANTATION Vol. 49, No. 4

from surrounding tissue. Retractors were replaced in the recip¬
ient, and the donor heart was orientated in the left kidney site.
The donor left common carotid artery was anastomosed end-
to-end to the recipient renal artery using 9-0 nylon with the
vessels initially approximated by 2 stay sutures, and the anas¬
tomosis completed using a continuous everting suture line
taking 5-6 stitches for each side. The renal vein and pulmonary
artery were approximated with 4 stay stitches, and the anas¬
tomosis completed with 5-7 stitches of running suture (9-0
nylon) between each stay stitch, taking care to avoid constric¬
tion of the anastomosis. The clamp on the renal vein was
released first allowing the renal vein/pulmonary artery to fill.
This was followed by release of the arterial clamp, allowing
blood to flow from the recipient renal artery to donor coronary
vessels (the aortic valve being competent). With the donor vena
cavae and right pulmonary veins ligated, no systemic venous
blood entered the heart. Coronary venous blood draining into
the right ventricle was pumped via the pulmonary artery into
the renal vein and inferior vena cava (Fig. 1). Within seconds
the heart began to beat, and a regular rhythm was soon estab¬
lished. The transplanted heart was oriented in the position of
the left kidney and secured in place by 4-0 silk ties anchoring
the pericardium to the abdominal fat of the recipient. The
bowel was replaced, and the midline incision closed with a
single 3-0 prolene suture. Cardiac function was monitored by
daily abdominal palpation and regular electrocardiography (4),
and rejection was defined as the day on which there was no

palpable heartbeat or all electrical activity had ceased or both.
This assessment was confirmed by histologic examination. The
time of cardiac allograft survival correlated with other results
from our laboratory using the rabbit model to study skin (1)
and kidney (2) transplants.
Heterotopic cardiac transplantation in small animals was

initially described in the rat by Abbott et al. (5) with end-to-
end vascular anastomosis between the donor ascending aorta
and the recipient abdominal aorta, and the donor pulmonary
artery and the recipient inferior vena cava. As this caused
obstruction of the blood supply to the spinal cord and the lower

Figure 1. A schematic diagram showing orientation of the hetero-
topically transplanted heart in the recipient's renal site, with end-to-
end anastomosis of the donor left common carotid artery to the recip¬
ient's renal artery, and the donor pulmonary artery to the recipient
renal vein.

limbs, a high rate of paraplegia occurred. Ono and Lindsay's
modification of this technique (6) with end-to-side anastomo¬
sis, significantly improved the survival rate, and this is now a
standard technique for heterotopic cardiac allografts in rodents.
This was the first technique we attempted to use in the rabbit,
but it resulted in 100% recipient paraplegia.
A variation on 'the model whereby the heart, with lungs

intact, was grafted using an end-to-side anastomosis of donor
aorta to recipient abdominal aorta had the advantage of a
shorter ischemic time (approx. 15 min) and has been successful
in rats (7) and mice (8). When we used this technique in
rabbits, we found that problems of recipient paraplegia still
occurred and the lack of return venous circulation caused donor
cardiac failure. Heron (9) reported a successful cuffed anasto¬
motic technique for accessory cervical heart transplants in
rabbits and rats where the aorta of the graft was anastomosed
to the recipient common carotid artery and the donor pulmo¬
nary artery attached to the external jugular vein. We also tried
this method and found that the external jugular vein and
carotid artery were significantly mismatched in diameter with
the donor vessels, and thrombosis occurred frequently.
Fisher and Lee (10) described a technique for renal trans¬

plantation in the rat, using microvascular surgical procedures
for end-to-end anastomosis of the renal vessels, and similar
techniques have been described for rabbits (11). For successful
cardiac transplantation in the rabbit, obstruction of the blood
supply to the spinal cord and lower limbs should be avoided,
and ischemia time of the donor heart should not exceed 2 hr in
order to minimize ischemic damage to the myocardium. Both
these requirements were met by applying techniques developed
for renal transplantation in rodents and attaching the donor
heart to the host's renal vessels.
The method described here, with the heterotopic cardiac

allograft vascularized by anastomosis of the donor left common
carotid artery and pulmonary artery to the recipient renal
artery and vein, respectively, allowed easily performed end-to-
end anastomoses, and the procedure could be performed within
IV2 hr. Anastomotic thrombosis was not a problem, and recip¬
ient paraplegia, a common complication in rabbits following
the standard procedures described for heterotopic heart trans¬
plantation in rodents, was avoided. The location of the trans¬
planted organ in the renal bed allowed accurate determination
of the endpoint of the rejection process, and the recipient
remained well despite rejection of the transplanted heart. This
model will allow comparisons of the mechanisms and dynamics
of cardiac allograft rejection with skin and kidney allografts.
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This study investigated the role of hepatic antigen in the induction

of skin allograft enhancement and showed greater benefit than blood

transfusion while avoiding sensitization in this model.



Enhancement of Rabbit Skin Allograft Survival by Pretransplant and
Peroperative Hepatic Antigen Treatments
S.V. Mitchell, L.J. Dumble, R.J. Plenter, R.J. Millar, and G.J.A. Clunie

PRETRANSPLANT blood transfusion has been widelyused to prolong the survival of experimental
allografts1 and improves the survival time of clinical renal
allografts.2 The clinical benefit from transfused blood has
been less obvious in the cyclosporine (CyA) era,3 which
may indicate that a blood transfusion substitute is required
to provide antigen-induced allograft tolerance. Liver prep¬
arations are a possible source of that substitute, where the
allograft enhancing properties of hepatic antigen have been
recognised4 and remain effective on a background of
concomitant immunosuppression.5
This study investigates the role of hepatic antigen,

administered pretransplant and peroperatively, in fresh
and stored preparations via the IV or splenic routes
(intrasplenic [IS]), in the induction of skin allograft en¬
hancement using the rabbit model.

MATERIALS AND METHODS

Female rabbits were obtained from three genetically and geo¬

graphically isolated colonies: Commonwealth Serum Laborato¬
ries, Parkville, Australia; Tillside Stud, Yanderra, Australia; and
R and R Rabbitry, Seattle, WA.
Parkville rabbits were used as a source of third-party blood and

liver for the pretransplant and peroperative treatments of the
Yanderra strain recipients. Skin allografts were obtained from the
Seattle donor rabbits.

Third-party livers were harvested from heparinised (2000 U)
donors and digested with type IV collagenase (Sigma, St Louis,
MI) for 30 minutes at 37°C. The resulting single celled suspension
of hepatocytes was then washed with Ca2+, Mg2+-free balanced
salt solution to remove all traces of collagenase and aliquoted to
contain 107 hepatocytes (96% parenchymal and 4% nonparenchy-
mal) for use in the treatment groups as fresh (day of preparation)
or frozen (stored at —80°C for a minimum of 7 days) hepatic
antigen administered IV or IS.
Third-party blood for transfusion was collected in preservative-

free heparin (10 U/mL) on the treatment day and administered IV
to recipient animals via the marginal ear vein.

Treatment Groups
Groups of six recipients received one of the following 11 treat¬
ments: (1) nil; (2) pretransplant (day -7) fresh hepatocytes IS, or
(3) IV; (4) pretransplant (day -7) stored hepatocytes IS, or (5) IV;
(6) pretransplant (day -7) fresh blood IV; (7) peroperative (day 0)
fresh hepatocytes IS, or (8) IV; (9) peroperative (day 0) stored
hepatocytes IS, or (10) IV; or (11) peroperative (day 0) fresh blood
IV.
Skin graft beds were prepared in the recipient ear by removing

three circular patches (10-mm diameter) of full thickness skin that
were replaced with three full thickness skin grafts, two being
allografts from the Seattle donor strain and the other an autograft

of the recipient's own skin. Skin grafts were secured with six
single sutures and inspected daily to record rejection time, which
was taken as the day on which 50% necrosis occurred. Survival
times of treatment groups 2 to 11 were compared with those of
untreated group 1 recipients using the Mann Whitney-U test to
establish treatment significance (P < .05).

RESULTS

The skin allograft survival times of untreated recipients
and recipients from treatment groups 2 to 11 are shown in
Table 1. The median skin allograft survival time in un¬
treated recipients (group 1) was 5.5 days. Stored hepatic
antigen preparations induced significant prolongation of
skin allograft survival when administered by the IS route 7
days before transplantation (group 4, median survival time
11 days, P < .005). Modestly improved graft survival time
was also obtained with the stored antigen administered IS
on the day of skin grafting (group 9, median survival time
8 days) which was also statistically significant when com¬
pared with the median survival time in untreated recipients
(P < .05).
Stored hepatic antigen administered 7 days pretrans¬

plant (group 5) or on the day of skin grafting (group 10) by
the IV route failed to prolong median skin graft survival
times, graft rejection times being 7 and 5 days, respec¬
tively.
Fresh hepatic antigen preparations, administered 7 days

pretransplant or peroperatively on the day of transplanta¬
tion via the IS (groups 2 and 7) or IV route (groups 3 and
8), failed to improve skin allograft survival times where the
respective median survival times were 7 and 5 days from
day -7 and day 0 IS treatments, and 5 and 6 days from day
-7 and day 0 IV treatments.
Blood transfusion, administered 7 days before trans¬

plantation (group 6) or peroperatively on the day of skin
grafting (group 11) also provided no statistically significant
beneficial effect to the skin graft.
The median survival time following pretransplant and

peroperative IS treatment with stored hepatic antigen was
statistically significant when compared with median sur-
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Table 1. Skin Allograft Survival Following Pretransplant (Day -7) or Peroperative (Day 0) Treatment With Third-Party Hepatocytes
or Blood

Treatment Groups Graft Survival Times (d) Median (d)

1. Nil 7,9,4,5,6,4 5.5

2. Third-party hepatocytes (107) 6,6,8,9,7,7 7.0

d -7, fresh IS
3. Third-party hepatocytes (107) 5,5,5,6,4,8 5.0

d -7, fresh IV
4. Third-party hepatocytes (107) 11,11,9,10,11,12,13,8 11.0

d -7, stored IS
5. Third-party hepatocytes (107) 6,6,7,7,7,8 7.0

d -7, stored IV
6. Third-party blood (20 mL) 7,9,6,13,5,6,6,8 6.5

d -7, IV
7. Third-party hepatocytes (107) 5,5,5,6,5,5 5.0

d 0, fresh IS
8. Third-party hepatocytes (107) 6,7,6,6,6,7 6.0

d 0, fresh IV
9. Third-party hepatocytes (107) 9,10,8,8,7,8 8.0

d 0, stored IS
10. Third-party hepatocytes (107) 9,4,5,4,5,6 5.0

d 0, stored IV
11. Third-party blood (20 mL) 7,7,9,10,6,6 7.0

d 0, IV

vival times obtained from IV stored hepatic antigen treat¬
ments and when compared with survival times following
IS or IV treatment with fresh hepatic antigen (P < .05 to
P < .005). The median survival time obtained from pre¬
transplant stored IS hepatic antigen, but not peroperative
IS stored hepatic antigen, was statistically significant when
compared with that obtained from pretransplant and per¬
operative blood transfusion (P < .05).

DISCUSSION

These preliminary data confirm previous findings that
hepatic antigen has the potential to induce a favourable
effect on the survival of tissue allografts.4-6 Sensitisation,
which is commonly encountered in the rabbit allograft
model from blood transfusion protocols,7 was not evident
in any of the animal groups treated with a hepatic antigen
protocol.
In this study the benefit from hepatic antigen immunisa¬

tion is greater than that obtained from pretransplant and
peroperative blood transfusion, which in this model in¬
duces a minimal effect unless applied with concomitant
immunosuppression.7 The results show that hepatic anti-
gen-induced enhancement of the skin allografts is depen¬
dent on the route of administration, with a positive influ¬
ence being obtained from the IS route but no effect from IV
administered antigen. The state of the antigen is also an

important factor for inducing allograft tolerance, as freshly
prepared antigen is ineffective, whereas stored hepatic
antigen promotes significant enhancement. This finding
may reflect that the ratio of class I: class II major histo-
compatibility-bearing cell populations is altered in aged

preparations of hepatic antigen. Since antigen-induced
allograft tolerance in this experimental model is class II
antigen-dependent, as it is in humans,8 the viability of the
class II antigen-bearing hepatic cells, which are nonparen-
chymal in origin, may be unimportant.
This explanation, however, implies that cell viability is

important in the induction of sensitisation and that the
sensitising potential is minimised by the use of stored
hepatic antigen. Experiments are in progress to investigate
the influence of class I and class II antigen-depleted
hepatic antigen preparations on rabbit skin and heart
allograft survival times. The results from these experi¬
ments may have significant implications for clinical trans¬
plantation, since third-party antigen could be readily har¬
vested in large volumes to store for recipient immunisation
purposes, with decreased concern for the sensitisation
hazards that are an undesirable consequence of pregraft
blood transfusion.
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These studies, based on the cardiac graft model, extended the

findings of the previous experiments (59). Since the parenchymal

population of hepatocytes carries no Class II MHC, the allograft-

enhancement appears to be a Class / MHC effect.
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Enhancement of Rabbit Cardiac Allografts by Third-Party Hepatocytes
S.V. Mitchell, L.J. Dumble, R.J. Plenter, R.J. Millar, and G.J.A. Clunie

HEPATIC tissue was first shown to provide a benefi¬cial effect on the survival of other allografted tissues
in 1969.1 More recent experiments have confirmed that
viable and nonviable hepatocytes enhance the survival of
rat renal allografts,2 while donor-specific and third-party
hepatocytes extend the survival of rabbit skin grafts.3
These experiments were performed to identify the respec¬
tive influences of parenchymal and nonparenchymal hepa¬
tocytes in the enhancement of experimental allografts,
using the rabbit heterotopic heart allograft model.

MATERIALS AND METHODS
Animals

Female rabbits were obtained from three genetically and geo¬
graphically isolated colonies; Commonwealth Serum Laborato¬
ries, Parkville, Australia (third-party hepatocyte donors); Tillside
Rabbit Stud, Yanderra, Australia (recipients); and R and R
Rabbitry, Seattle, WA (heart donors).

Hepatic Antigen
Third-party livers were harvested from heparinised (2,000 U)
donors and digested with type IV collagenase (Sigma, St Louis,
MO) for 60 minutes at 37°C. The resulting single-celled suspension
of hepatocytes was then washed with calcium (Ca)+ + , magne¬
sium (Mg)++-free balanced salt solution to remove all traces of
collagenase. The parenchymal cells (PA) were purified from the
crude preparation using a 50% Percoll gradient, and nonparenchy¬
mal cells (NP) were isolated by incubating further collagenase-
digested liver with 0.1% protease type XXV (Pronase E, Sigma)
for 60 minutes at 37°C.
The unseparated, parenchymal, and nonparenchymal prepara¬

tions were stored for a minimum of 7 days (-80°C) before thawing
for administration at a concentration of 107 cells (in Hartmann's
solution) per animal 7 days preoperatively via the intrasplenic (IS)
route.

Treatment Groups
Groups of recipients received one of the following four treat¬
ments: (1) nil, (2) pretransplant (day -7) stored unseparated
hepatocytes IS, (3) pretransplant (day -7) PH IS, (4) pretrans¬
plant (day -7) NP IS.

Rabbit Cardiac Transplants
These were performed using the technique previously described.4
In brief, the donor left common carotid artery was anastomosed to
the recipient renal artery, and the left branch of the donor
pulmonary artery to the recipient's renal vein, thereby linking the
coronary circulation to the host's renal vessels. Cardiac function
was monitored by daily abdominal palpation (grading + to
+ + + +) and regular electrocardiography, and rejection was de¬
fined as the day on which there was no palpable heartbeat, or all
electrical activity had ceased, or both. This assessment was
confirmed by histologic examination.

Survival times of treatment groups 2 to 4 were compared with
those of untreated group 1 recipients [using the Mann-Whitney
test to establish treatment significance (P < .05)].

RESULTS

The cardiac allograft survival times of untreated recipients
and recipients from treatment groups 2 to 4 are shown in
Table 1. The mean allograft survival time in untreated
recipients (group 1) was 8.0 ± 1.41 days. Cardiac allograft
survival was significantly prolonged (P < .01) by the
preoperative PH treatment (group 3, mean survival time
23.2 ± 12.7 days). A modest improvement in graft survival
time (but not statistically significant, P > .05) was obtained
with the unfractionated hepatocytes and the NP (group 2,
mean survival 11.5 ± 2.52 days and group 4, mean survival
time 10.3 ±1.15 days, respectively).

DISCUSSION

These experiments confirm our previous finding that he¬
patic antigen, in the form of nonviable hepatocytes, does
not induce sensitisation,3 an effect which may be similar to
that found with the use of frozen rather than fresh blood

prior to organ allografting.5
Unpurified hepatocytes, fractionated PH, and fraction¬

ated NP each induced some degree of enhanced cardiac
allograft survival, with the parenchymal population having
the most beneficial effect. Since the parenchymal popula¬
tion carried no class II MHC, this indicates that the
allograft enhancement from hepatic antigen is a class I
MHC effect in the rabbit cardiac allograft model.
The modest prolongation obtained from the unpurified

hepatocytes and the nonparenchymal population may in¬
dicate that class II MHC antigen has a pretransplant role
that opposes the enhancing influence of the class I antigen.
In this context, the possible role ofpretransplant antigen in
inducing either sensitisation or enhancement can be ma¬

nipulated in this model to avoid the undesired sensitisation
and to magnify the beneficial enhancing effect in the
outcome of subsequent allografts. However, had the en¬

hancing role of pretransplant hepatic antigen been class II
MHC antigen-dependent, with class I MHC having instead
a sensitising role, then the opportunity to promote a
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Table 1. Cardiac Allograft Survival Following Pretransplant Treatment With Third-Party Hepatocytes

Group Survival Time Mean
No. Treatment n (d) (d)

1 Nil 5 6,8,8,8,10 8.0 ±1.4
2 107 Unseparated hepatocytes IS day-7 4 9,11,11,15 11.5 ±2.5
3 107PH IS day -7 5 11,15,18,30,42 23.2 ± 12.7
4 107 NP IS day -7 3 9,11,11 10.3 ±1.2

beneficial effect in the absence of the class of MHC with
the potential to sensitise would not present.
If the dual roles of pregraft antigen treatment could be

similarly dissected in man, the opportunity to provide
antigen-induced enhancement from hepatic antigen or
blood transfusion might be established in a setting that
excludes the risk of sensitisation and the requirement for
concomitant immunosuppression.
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These and subsequent experiments (62,63) showed that a

synthetic prostaglandin, while not in itself strongly immunosuppressive,

has a cyclosporine-sparing benefit on the survival of rabbit cardiac and

renal allografts and that it minimises the nephrotoxic effects of high dose

cyclosporine.



Cyclosporine-Sparing Influence of the Synthetic PGE, Analogue
Enisoprost in Rabbit Cardiac Allograft Recipients
S.V. Mitchell, L.J. Dumble, R.J. Plenter, R.J. Millar, M. Moran, and G.J.A. Clunie

CYCLOSPORINE (CyA)-induced immunosuppressionhas markedly improved the survival time of clinical
allografts, but its side effects and overall expense remain
serious concerns. Conventional maintenance immunosup¬
pression can involve dual therapy with CyA and methyl-
prednisone (MP) or triple therapy with CyA, MP, and
azathioprine (AZ). The recently developed, synthetic
PGE, analogue, enisoprost, has been found to induce
immunosuppression as measured by in vitro1 and in vivo2
methods. As the side effects of CyA therapy appear to be
dose related, the aim of this experiment was to devise a

protocol to allow lower doses of CyA from the concomi¬
tant use of the synthetic PGE, analogue, enisoprost. This
would enable conservation of the immunosuppressive po¬

tency of CyA while reducing the side effects. On the basis
of this hypothesis, we investigated the potential of dual
therapy with CyA and enisoprost in prolonging rabbit
cardiac allograft survival.

MATERIALS AND METHODS
Animals

Female rabbits were obtained from two genetically and geograph¬
ically isolated colonies, Commonwealth Serum Laboratories,
Parkville, Australia (donors), and Tillside Rabbit Stud, Yanderra,
Australia (recipients).

Immunosuppressive Agents
CyA (Sandimmune, Sandoz Ltd, Switzerland) was obtained as a

50-mg/mL solution. For IV injection, the required volume of the
50-mg/mL solution (for doses of 10 to 20 mg/kg) was administered
in a volume of 10 mL Hartmann's solution and injected slowly into
the marginal ear vein.
The synthetic PGE, analogue, (±) methyl-1 la,16-dihydroxy-

16-methyl-9-oxoprosta-4Z,l3E-dien-l-oate (Enisoprost SC-34301,
G.D. Searle and Company, Skokie, 1L, USA) was provided in
methyl acetate at 10 mg/mL and diluted in ethyl alcohol to a
concentration of 1 mg/mL. Subsequent dilutions were made in
physiologic saline to a final concentration of 100 gg/mL, The
required volume of the 100-/xg/mL stock solution was adminis¬
tered in a 5-mL volume of Hartmann's solution and administered

by intraperitoneal (IP) injection.

Rabbit Cardiac Transplants
Rabbits were anaesthetised by the injection of 0.3 mL/kg Hyp-
norm IM (Janssen-Cilag, NSW, Australia) and 2.0 mg/kg Hyp-
novel IV (Roche, Australia). Heterotopic cardiac allografts were

performed using the technique described previously.3 In brief, the
donor left common carotid artery was anastomosed to the recip¬
ient renal artery and the left branch of the donor pulmonary artery
to the recipient's renal vein, thereby linking the coronary circu¬
lation to the host's renal vessels. Cardiac function was monitored

by daily abdominal palpation and regular electrocardiography,
and rejection was defined as the day on which there was no

palpable heartbeat or all electrical activity had ceased or both.
This assessment was confirmed by histologic examination.

RESULTS

Rabbits were treated peroperatively with (1) Nil, (2) 10
mg/kg CyA, (3) 20 mg/kg CyA, (4) 20 /xg/kg enisoprost, and
(5) 10 mg/kg CyA and 20 /xg/kg enisoprost. The effects of
enisoprost on cardiac allograft survival, administered
alone or in combination with CyA, are summarised in
Table 1. Survival times of treatment groups 2 to 5 were

compared with those of untreated group 1 recipients using
the Mann-Whitney U test to establish treatment signifi¬
cance (P < .05).
The median survival time of untreated cardiac allografts

was 8 days. Treatment with 10 mg/kg CyA significantly
improved graft survival (median survival 12 days, P =

.0453) as did 20 mg/kg CyA (median survival 14 days, P =

.0176). Administration of enisoprost alone at 20 /xg/kg
peroperatively did not significantly improve graft survival

From the Department of Surgery at the Royal Melbourne
Hospital, University of Melbourne, Parkville, Victoria, Australia
(S.V.M., L.J.D., R.J.P., R.J.M., G.J.A.C.), and G.D. Searle and Co,
Skokie, IL (M.M.).
Supported in part by grants from the Australian Kidney Founda¬

tion and the National Heart Foundation of Australia.
Address reprint requests to Dr L.J. Dumble, Department of

Surgery, Royal Melbourne Hospital, Melbourne 3050, Australia.
© 1992 by Appleton & Lange
0041 -1345/92/$3.00/+0

Table 1. Rabbit Cardiac Allograft Survival With CyA and Enisoprost

Treatment Survival (d) n Median Mean ± SD P Values

1. Nil 6, 8, 8, 8, 10, 12 6 8 8.67 ± 2.07
2. CyA 10 mg/kg peroperatively 9, 11, 12, 12, 12, 12 6 12 11.33 ± 1.21 0.0453*
3. CyA 20 mg/kg peroperatively 10, 13, 14, 15, 17 5 14 13.8 0.0176*
4. PGE, 20 pg/kg peroperatively 9, 10, 10, 11, 12, 17 6 10.5 11.50 ± 2.88 0.0782
5. CyA (10 mg/kg) + PGE, (20 pg/kg) perioperatively 11, 13, 13, 15, 17, 19 6 14.0 14.67 ± 2.94 0.0082*

'Group 5 vs group 2, P = .0374, vs group 3 P = .0176, vs group 4 P = .0656.

Transplantation Proceedings, Vol 24, No 1 (February), 1992: pp 229-230 229
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(median survival 10.5 days, P = .0782). Combination
therapy with 10 mg/kg CyA and enisoprost (20 jug/kg)
extended graft survival to 14 days, the same median
survival time as that achieved with 20 mg/kg CyA alone. In
comparison with untreated recipients, the dual therapy
was of greater statistical significance (P = .0082) than
either CyA (10 mg/kg or 20 mg/kg) or enisoprost adminis¬
tered alone.

DISCUSSION

These data from rabbit cardiac allograft recipients confirm
previous findings that CyA exerts an immunosuppressive
effect to prolong skin allograft survival times in the rabbit
model when administered peroperatively as a monother¬
apy.4
These results suggest that CyA and enisoprost have

additive effects in prolonging graft survival when they are
administered as a dual therapy. The addition of low-dose
PGE, (20 ju-g/kg) enhanced the immunosuppression pro¬
vided by 10 mg/kg CyA, allowing the CyA dose to be
reduced by 50% to achieve graft survival comparable to
that achieved by 20 mg/kg CyA alone. Although no syn¬
ergy could be demonstrated in the rabbit cardiac allograft
model, enisoprost therapy was demonstrated to exert a
CyA-sparing influence in cardiac allograft survival.

CONCLUSION

The data shown here demonstrate that dual therapy with
CyA and the synthetic prostaglandin E, analogue eniso¬

prost causes significant cumulative immunosuppressive
effects in the rabbit cardiac allograft model. Dual therapy
with CyA and enisoprost provides superior graft enhance¬
ment to that obtained with either agent alone and equal to
that obtained with twice the concentration of CyA (20
mg/kg) and enisoprost. Although enisoprost was ineffec¬
tive as a monotherapy, our results suggest that it may be
worthy of clinical investigation to identify whether its
CyA-sparing influence has a significant impact in reducing
the side effects of CyA. and thereby reducing the expense
of CyA-based maintenance immunosuppression. The ex¬
act biochemical basis for the immunosuppressive activity
of PGE, analogues is yet to be defined.
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Synergistic Prolongation of Rabbit Renal Allograft Survival by
Cyclosporine and a Prostacyclin Analogue
N.G. Redgrave, D.M.A. Francis, L.J. Dumble, R. Plenter, M. Ruwart, I. Birchall, and G.J.A. Clunie

EXPERIMENTAL studies1 and a clinical study2 indi¬cate that synthetic prostaglandin (PG) analogues of
the E series have a beneficial effect on allograft survival
and have synergistic effects when administered with cy¬

closporine (CyA). Another study indicates that U-62840, a
long-acting, orally bioavailable, and nontoxic prostacyclin
(PGI2) analogue, has potent immunosuppressive effects in
vitro, both alone and in synergy with CyA.3 This study was
performed to assess the effectiveness of this PGI2 analogue
as an immunosuppressive agent in a rabbit renal allograft
model.

MATERIALS AND METHODS

Left orthotopic renal transplantation was performed from New
Zealand White rabbit donors into Anglo lop-ear recipients.4 Con¬
tralateral nephrectomy and graft biopsy were performed on the
first postoperative day. Each recipient was subsequently depen¬
dent on its transplant for renal function. Serum creatinine (sCr)
was measured every 48 hours and animals were culled once sCr
had risen above 1.2 mmol/L, taken as an arbitrary endpoint
representing graft failure. Graft biopsies were performed weekly
and at postmortem. Standard hematoxylin and eosin and Mas-
son's trichrome stains were performed for the histologic confir¬
mation of rejection.
U-62840 (Upjohn Co, Kalamazoo, MI) was supplied as a

powder, which was dissolved in absolute ethanol to yield a 1
mg/mL solution. It (50 /ag/kg/d) was administered subcutaneously
for 7 days commencing perioperatively. Ethanol (50 /u,L/kg/day)
was administered in vehicle-only control animals. CyA (Sandim-
mun, Sandoz Ltd, Switzerland) was administered IV as a single
perioperative dosage of 20 or 5 mg/kg. Blood CyA levels were
measured 24 hours postdosage ("Abbott" TDX fluorescence
immunoassay).

RESULTS AND DISCUSSION

Transplant groups and their survival results are shown in
Table 1. U-62840 significantly prolonged allograft survival
compared with untreated animals, but this survival prolon¬
gation was not significantly different from that observed
with ethanol vehicle alone. However, U-62840 and CyA
synergistically enhanced graft survival, whereas CyA and
ethanol did not. No CyA-sparing effect was demonstrated
when U-62840 and 5 mg/kg CyA, which did not prolong
graft survival alone, were administered together. His¬
tologic assessment revealed no difference in the pattern of
graft infiltrate during acute rejection between groups. CyA
levels were not significantly different between treatment

Table 1. Survival of Renal Allografts in Rabbits Treated With
U-62840, Ethanol Vehicle, and/or CyA

Group* Treatment Graft Survival (d)
Median Graft
Survival (d)

1 Nil 7, 9, 9, 10, 10, 13 9.5

2 U-62840 13, 13, 13, 14, 15, 21 13.5
3 CyA (20 mg/kg) 9, 12, 13, 20, 26, 38 16.5

4 U-62840 + CyA 20, 23, 26, 26, 31, 35, 43 26

(20 mg/kg)
5 CyA (5 mg/kg) 7, 8, 10, 10, 11, 12, 15 10
6 U-62840 + CyA 13, 14, 14, 15, 17, 19, 27 15

(5 mg/kg)
7 Ethanol 8, 11, 12, 13, 18, 18 12.5
8 Ethanol + CyA 10, 10, 11, 11, 14, 19 11

(20 mg/kg)

*1 vs 2, P < .005; 3 vs 4, P < .05; 1 vs 5, NS; 2 vs 6, NS; 2 vs 7, NS; 4 vs 8,
P < .005 (Mann-Whitney U tests).

groups (270 ng/mL, median group 3; 264 ng/mL, median
group 4).
Administration of PGI2 analogue and CyA together

might be anticipated to produce an enhanced immunosup¬
pressive effect, as each agent has an immunosuppressive
effect at different cellular sites. PGI, is reported to inhibit
interleukin-1 (IL-1) synthesis and impair class II major
histocompatibility complex (MHC) antigen presenta¬
tion.5'6 Ethanol, like CyA, predominantly inhibits IL-2
synthesis.7
Misoprostol, a PGE, analogue, is reported to confer

significant immunosuppressive benefits as an adjunct to
conventional triple-drug therapy in a prospective clinical
trial in renal transplant recipients.2 PGI2 analogues clearly
warrant further investigation as potential adjunctive immu¬
nosuppressive agents. Apart from the acute graft-enhanc¬
ing effect demonstrated in synergy with CyA in this study,
PGI2 analogues are reported to have a potential role in the
prophylaxis and treatment of chronic rejection.8'9
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Prevention of Acute Cyclosporine Nephrotoxicity in Rabbits With a
Prostacyclin Analogue
N.G. Redgrave, D.M.A. Francis, L.J. Dumbie, R. Plenter, M. Ruwart, I. Birchall, and G.J.A. Clunie

NEPHROTOXICITY is the most significant and dose-limiting side effect of cyclosporine (CyA) therapy.
Acutely, CyA reduces renal blood flow (RBF) and glomer¬
ular filtration rate (GFR) by constricting afferent glomeru¬
lar arterioles.1-2 Chronic CyA nephropathy, with tubular
atrophy and striped interstitial fibrosis, may be due to
ischaemia and low renal tubular flow rates secondary to
enhanced arteriolar tone.3 Vasodilatory prostaglandins
(PG) such as prostacyclin (PGI2) play an important role in
the regulation of RBF. CyA is reported to inhibit PGI2
synthesis in human endothelial cells.4
It was postulated that administration of U-62840, a

long-acting, nontoxic, and orally bioavailable analogue of
PGI2, would improve renal function in a rabbit model of
acute CyA nephrotoxicity.

MATERIALS AND METHODS

New Zealand White rabbits were studied in three treatment

groups: (1) CyA alone; (2) CyA and U-62840; (3) CyA and ethanol
vehicle.

CyA (Sandimmun, Sandoz Ltd, Switzerland) was administered
by slow IV injection, 100 mg/kg/d, for 7 days. U-62840 (Upjohn
Co, Kalamazoo, MI) was supplied as a powder, which was
dissolved in absolute ethanol to yield a 1-mg/mL solution. It (50
jiig/kg/d) was administered subcutaneously for 7 days. Ethanol (50
p.L/kg/d) was administered in vehicle-only control animals. Blood
CyA levels were measured 24 hours following completion of a
7-day treatment ("Abbott" TDX fluorescence immunoassay).
Serum creatinine (sCr) and urea were measured prior to com¬

mencement of treatment (day 0) and 24 hours following treatment
(day 7). Day 7 renal biopsies were stained with haematoxylin and
eosin and Masson's trichrome.

RESULTS

Consistent nephrotoxicity was observed in rabbits treated
with 100 mg/kg/d of CyA. However, treatment was asso¬
ciated with 60% mortality and 7% to 10% weight loss,
irrespective of the treatment group. U-62840 had a signif¬
icant protective effect on renal function, as measured by
sCr and urea (Table 1). Blood CyA levels were not
significantly different between treatment groups. Histol¬

ogy revealed isometric tubular vacuolation in all but one
renal biopsy (a group 2 rabbit). Hypertrophy of the juxta¬
glomerular apparatus was observed in 50% of rabbits,
irrespective of the treatment group. Juxtaglomerular appa¬
ratus hypertrophy may be a physiologic response to inani¬
tion and dehydration.5

DISCUSSION

Animal species vary in their sensitivity to CyA nephrotox¬
icity. Humans are most sensitive. Rabbits, as may be seen
from this study, are relatively resistant to CyA nephrotox¬
icity. Further studies in a more sensitive animal model (eg,
the spontaneously hypertensive rat6) using more sensitive
indicators of impaired renal function (clearance studies to
assess RBF and GFR) may further establish the role of
U-62840 with less animal mortality and morbidity.
PGE2 analogue is reported to reduce CyA nephrotoxic¬

ity in rats7,8; however, in these studies CyA was adminis¬
tered enterally and CyA absorption was impaired by the
PG analogue, confounding interpretation of the results.8 In
this study, CyA was administered parenterally and a PGI2
analogue conferred significant protective effect on renal
function without affecting CyA bioavailability. Histologic
tubular toxicity (tubular vacuolation), which is not of
functional significance,3 was not prevented by U-62840.
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Table 1. sCr and Urea in Rabbits Treated With High-Dose CyA ± U-62840 or Ethanol
Mean sCr/Urea, day 0 Mean sCr/Urea, day 7 Mean sCr/Urea Mean CyA Level

Group Treatment (mmol/L) (mmol/L) Change (ng/mL)

1 CyA (n = 4) 0.05/6.5 0.11/13.5 +0.067+7+ 860
2 CyA + U-62840 (n = 4) 0.08/5.9 0.07/5.7 -0.017-0.2+ 713
3 CyA + ethanol (n = 4) 0.07/9 0.14/26 +0.077+17+ 607

"Group 1 or 3 vs 2, P < .05 (Mann-Whitney U test).
+Group 1 or 3 vs 2, P < .05 (Mann-Whitney U test).
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PREGNANCY IMMUNOLOGY

The protection of the mammalian foetus, which bears paternal

antigens, from the immune system of the mother, has been an

unexplained paradox. The demonstration by others that lymphocyte

transformation was depressed during pregnancy suggested to us that the

rosette inhibition test, which we had used extensively in studies of the

immunosuppressive capacity of ALS, could be used to investigate the

phenomenon of the putative immunosuppression during pregnancy.

Our studies showed that the test was indeed able to demonstrate

immunosuppression occurring within hours of fertilization in mice

(64,65,67), sheep (68,69) and in women (66). This effect was due to a

material which we defined as early pregnancy factor or EPF (66). This

material has been partially characterized and has been shown to have two

major components (67) which in the mouse are produced separately by

the oviduct and the ovary (71). EPF is strongly immunosuppressive (70)

and once it has been fully characterized and sequenced, has the potential

for use as an immunosuppressive agent in man. Testing for EPF may also

be valuable in detecting pregnancy in animals at an early stage, which

has implications for veterinary medicine (68,69).
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(Reprinted from Nature, Vol. 249, No. 5456, pp. 459—460, May 31, 1974)

Immunosuppression detected
in pregnant mice by rosette inhibition test
Attention has recently been drawn to the immunological
mechanisms concerned in the nonrecognition of the anti¬
genic status of the foetus during uterine life. Several
workers1"3 have demonstrated that lymphocyte transforma¬
tion is suppressed during pregnancy. As the rosette inhi¬
bition test4 has been used to show that the lymphocyte
activity in vivo is modified by immunosuppressive therapy
following trasnplantation5, it suggests that this technique
could also be used to investigate possible immunosuppres¬
sion during pregnancy.
The rosette inhibition titre (RIT) was estimated as des¬

cribed previously6. Antilymphocytic serum (ALS) was

produced against mouse spleen cells, and was tested for
its effect on rosette formation between mouse spleen cells
and human red blood cells (HRBC), (H.M., V.H., and
G.J.A.C., unpublished). The HRBC were collected fresh
each day from the same donor. The ALS was diluted to
1 X106 and then serially diluted and tested in the range
1X106 to 32,768x 10". The spleen cells used were from
Quackenbush mice aged between 8 and 12 weeks. The
RIT was recorded as the highest dilution of ALS at which
the number of rosettes formed was 75% or less of the
control (Hank's solution without ALS). The RIT of the
ALS produced in this series showed significant correlation
with the skin graft survival time.
The results of the RIT performed in two mice, a non¬

pregnant and a pregnant female respectively, are illustrated
in Fig. 1, in which the rosette formation as a percentage
of the control (without ALS) is plotted against the dilution
of ALS. There was a marked difference in RIT, that in
the nonpregnant female being 16X106 and in the pregnant
female 8,192x10®. The RIT of ten pregnant females and
the normal group of five males and six non pregnant
females is illustrated in Fig. 2. The logarithmic mean of
RITX10-6 (to base 2) in the normal group was 3.2 (s.e.,
0.42). The RIT of the pregnant group ranged from
32X10" to 8,192x10" (log mean 10.2 s.e., 1.05). There
was no significant difference between the mean of the titres
of the group containing five males and the group contain¬
ing six nonpregnant females. There was a significant
difference between the mean of the titres of the non¬

pregnant group (five males plus six females) and the
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Fig. 1 Rosette formation (as % of the control) with lym¬
phocytes from a pregnant (?) and a nonpregnant (?)
mouse plotted against ALS dilution, illustrating the high

RIT during pregnancy.
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Fig. 2 RIT in male (cJ), nonpregnant female ($), and
pregnant female mice (?), showing rise in RIT in some

pregnant females.

pregnant group (ten females) P< 0.001. The mean number
of spontaneous rosettes formed in the control with spleen
cells from five male mice and six non pregnant female
mice was 31.2 (s.e., 2.2) rosettes per 1,500 spleen cells,
and the mean number in the control with spleen cells
from ten pregnant females was 33.9 (s.e., 2.7) rosettes
per 1,500 spleen cells. There is no significant difference
between the number of rosettes formed in these two

groups.
To investigate this wide range of RIT in pregnant mice

and to follow an apparent change in relation to the stage
of pregnancy, mice were killed at different stages after
mating and the stage of pregnancy recorded as the
crown-rump length of the foetus. A plot of RIT of pregnant
mice against crown-rump length of foetus (Fig. 3) indicates
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Fig. 3 RIT plotted against stage of pregnancy as measured
by crown-rump length, showing a rise in RIT during preg¬

nancy and a fall to normal before delivery.

that the RIT starts to rise early in pregnancy, and then
drops to within the normal range approximately 7 d
before delivery. The RIT of a mouse tested at full term
lay within the normal range.
Our findings support the work of others1-3 that the

immunological competence of material lymphocytes is
modified during pregnancy. They found that the phyto-
haemagglutinin - induced transformation was reduced.
Finn et al. raised the question whether this was due to a
central suppression of the T cells in pregnancy or to
fewer T cells present to be stimulated. Our findings support
the first of these two hypotheses. If there were fewer T cells
to be stimulated then the number of spontaneous rosettes



formed in the pregnant group would be less than the num¬
ber formed in the nonpregnant group. We have found
that this is not so, that there was no significant difference
between the means of the results obtained from each
group.
Contractor et al.3 have concluded from their investigations

that HCS and HCG, produced by the placenta, are either
binding or competing for the site of PHA stimulation.
From our investigations, it seems likely that a similar
reaction is occurring. The number of spontaneous rosette-
forming cells in pregnancy is not decreased but the num¬
ber of combining sites on these cells, available for the
immunosuppressive activity of the ALS, is decreased. This
is shown by the rosette forming activity of these cells
being inhibited by much higher dilutions of ALS than those
cells from nonpregnant animals. This indicates that the
blocking of binding sites on the lymphocyte in vivo
impairs its immunological competence. We have shown that
the RIT begins to return to within normal limits at the
beginning of the third week of pregnancy and this lends
support to the theory of Contractor et al., that immuno-

rejection may play a part in stimulating parturition.
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Studies of the rosette inhibition test in pregnant mice:
evidence of immunosuppression?

By H. Morton, V. Hegh and G. J. A. Cltjnie

Department of Surgery, University of Queensland

(Communicated by Sir Michael Woodruff, F.R.S. — Received 1 December 1975)

The rosette inhibition test has been utilized as a measure of immuno¬
suppression following organ transplantation, and we have recently demon¬
strated that it can also be used in detecting a state of depression of
lymphocyte reactivity occurring in pregnant mice.
If the depression of lymphocyte reactivity provides an indication of

immunosuppression, then this study has shown that, in the mouse, the
spleen lymphocytes are immunosuppressed as early as 4 h after fertiliza¬
tion. This state persists for 13-15 days, with a return to normal 4-6 days
before full term.
A similar depression of normal spleen lymphocytes can be induced

in vitro by incubating these lymphocytes with serum taken from pregnant
mice 6 and 24 h after mating. The serum factor detected was shown to be
stable when heated at 56 °C but not at 72 °C, and to be non-dialysable.
It was detected in serum to a dilution of 1 in 64.
Further work is being undertaken to investigate this phenomenon and

to pursue the purification and identification of the pregnancy factor.

Introduction

The exemption from immunological attack of the mammalian foetus may depend
on suppression of the immune responses of the maternal system or to some par-
—ticular property of the foetal trophoblast (Woodruff 1958; Beer & Billingham
1974). Several workers (Finn et al. 1972, Purtilo, Hallgren & Yunis 1972) have
shown recently that lymphocyte activity, as determined by phytohaemagglutinin-
induced lymphocyte transformation, is suppressed during pregnancy. A similar
suppression can be brought about in vitro by incubation of normal lymphocytes
with the human hormones chorionic gonadotrophin (HCG) and chorionic somato-
mammotrophin (Contractor & Davies 1973). However, the production of these
hormones is dependent on the formation of the trophoblast, which is not developed
until the blastocyst implants in the uterine wall.
We have recently established (Morton, Hegh & Clunie 1974) that the rosette

inhibition test can be used to demonstrate a state of depression of lymphocyte
reactivity in pregnant mice. The rosette inhibition test (Bach, Dormont, Dardenne
& Balner 1969) depends on the blocking of lymphocyte antibody-binding sites by
an immunosuppressive ALS, which then decreases the number of spontaneous

26 [ H3 ] Vol. 193. B.
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rosettes formed between lymphocytes and heterologous red cells. The titre
which an antilymphocyte serum can inhibit the formation of spontaneous rosette
to 75 % or less than that of the control, is standard for each serum, and does nt

vary significantly when using lymphocytes from different normal mice. Howeve
if lymphocytes have already been subjected in vivo to some immunosuppressh
agent, the inhibition of rosette formation in vitro occurs at a much higher dilutio
of ALS (Munro et oil. 1971). The present study investigates the phenomenon (
increased rosette inhibition titre, detected in pregnant mice, in an attempt t
determine how soon this state arises after fertilization, and the means by whic.
it occurs.

Methods

Mating schedule
Quackenbush mice aged 8-14 weeks were used. The state of oestrus in the femalt

mice was determined by examination of vaginal smears. Mice in pro-oestrus anc
oestrus were mated. The mating schedule was similar to that described by Roberts
Rugh (1968), the male and female being caged together at 8.30 a.m. to catch the
ripe ova liberated 6-8 h previously. After 1 h the female was examined for the
presence of a vaginal plug. If this was detected, 9.00 a.m. was taken as zero time.
At autopsy, the oviducts were examined for the presence of fertilized ova. A—
diagnosis of pregnancy was made only if fertilized ova were detected.
In a second series of experiments, sexually experienced male mice were vasecto-

mized and mature females had oviduct ligation. These mice were mated against
fertile females and males respectively in a similar schedule to the one described
above. Vaginal plugs were detected after mating, confirming that intercourse had
taken place. On autopsy, unfertilized mature ova were detected in the oviducts.
Mice were tested, 2, 4, 6 and 24 h after mating, then randomly up to full term

(19 days). The mice were anaesthetized with ether, exsanguinated by cardiac
puncture, then the oviducts and spleen of each removed. The blood from the cardiac
puncture was allowed to clot, the serum removed and stored at — 30 °C. The
oviducts were examined for the presence of ova and the spleen was used for
preparation of a cell suspension for the estimation of rosette inhibition titre.

Rosette inhibition titre (r.i.t.)
The r.i.t. was estimated by using the spleen cells of pregnant mice as previously

described (Morton et al. 1974). A single rabbit anti-mouse lymphocyte serum
(RALS) was used throughout the experiment. RALS was diluted 1 in 106 and then
serially diluted to 65 536 x 106. Alternate dilutions only were tested, starting at
1 in 106, giving 9 serum dilutions and 2 controls (cells in Hank's basic salt solution)
per test.
The r.i.t. was also estimated by using spleen cells from non-pregnant mice

after incubation in serum from pregnant mice. A spleen cell suspension from a
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on-pregnant female mouse was prepared as previously described, then 1.2 ml of
his suspension was centrifuged at 200 <7 for 5 min and the supernatent removed,
'regnant mouse serum was inactivated at 56 °C for 30 min, diluted 1 in 2, then
'.25 ml was added to the button of spleen cells, the cells resuspended and incubated
,t 37 °C for 30 min. The control test contained spleen cells from the same non-

>regnant mouse and serum from a different non-pregnant mouse. After incubation,
sells were washed twice in Hanks BSS, the final volume made up to 1.2 ml and
he cells used for estimation of r.i.t. by the method previously described. Sera
,aken from 24 h pregnant mice were tested in dilutions ranging from 1 in 2 to 1 in
256.

Sera from pregnant mice, 24 h after mating, were heated at 56 °C or 72 °C for
30 min or 100 °C for 3 min. The r.i.t. was estimated using spleen cells which had
been incubated in these samples of sera.
Pregnant mouse serum (24 h), inactivated by heating at 56 °C for 30 min., was

dialysed against phosphate buffered saline for 18 h across cellulose casing dialysis
tubing (Visking Co.). Spleen cells were incubated in samples of serum before and
after dialysis, and the r.i.t. estimated.

Results

The r.i.t. using the spleen cells of a pregnant mouse, 24 h after mating, compared
with that using the spleen cells of a non-pregnant female, is shown in figure 1,
indicating a significantly higher r.i.t. using pregnant mouse spleen cells. The r.i.t.
of the RALS using the spleen cells of a group of 20 control non-pregnant mice fell
between 1 x 106 and 16 x 10®, the logarithmic mean of r.i.t. x 10~6 (to base 2) being
1.83 (s.e. 0.35). In a group of 34 pregnant mice, the logarithmic mean r.i.t. was
9.06 (s.e. 0.88). The difference between the mean of these two groups was highly
significant as determined by Student's i-test (P < 0.001). These results are illus¬
trated in figure 2, the r.i.t. being plotted against the time after mating. In the
early phase of pregnancy (0-6 h), the mice were tested at 0, 2, 4 and 6 h after
mating. At 0 and 2 h, the r.i.t. fell within the limits of the control mean± 2 s.d.
At 4 h, two of the mice tested had an r.i.t. within this range and two had an r.i.t.
of 4 x 109. At 6 h, all of the group tested had an increased r.i.t.
The mice tested 1-13 days after successful mating all had an increased r.i.t. At

13-15 days, i.e. 4-6 days before full term, the r.i.t. decreased to within the range
of the non-pregnant control group.
Twelve mice were tested 6 and 24 h after sterile potent matings. The log¬

arithmic mean r.i.t. in this group was 1.33 (s.e. 0.95) which did not differ signifi¬
cantly from the control non-pregnant group (P > 0.1).
The results of the r.i.t. by using spleen cells from a non-pregnant mouse after

incubation with serum from a 24 h pregnant mouse are illustrated in figure 3,
together with the control test using spleen cells from the same non-pregnant mouse
and serum from a different non-pregnant mouse. In a series of tests, which used

2 6-2
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rosette formation (% of control)
Figube 1. Rosette formation (as percentage of control) by using spleen cells from a pregnant—

mouse (24 h after mating) and a non-pregnant mouse plotted against RALS dilution.
• , Pregnant mouse spleen cells: r.i.t. 1 x 109; O, non-pregnant mouse spleen cells: r.i.t.
4 x 106.
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Figuee 2. The r.i.t. by using spleen cells from pregnant mice plotted against time after

mating. The early phase is recorded in hours and the duration of pregnancy in days.
Each circle represents the r.i.t. by using the cells of an individual mouse tested at that
time.
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serum taken from 9 mice, 24 h after mating, the logarithmic mean r.i.t. was
13.22 (s.e. 1.02), compared with the logarithmic mean of the control tests, 1.40
(s.e. 0.93). These results demonstrate a significant increase in r.i.t. by using spleen
cells after incubation in pregnant mouse serum (P < 0.001). The serum factor,
which gives rise to this increase in r.i.t., could be detected in the 24 h pregnant

Figure 3. Rosette formation (as percentage of control) by using mouse spleen cells tested
after incubation with serum taken from a pregnant mouse (24 h after mating) and
from a non-pregnant mouse. • , Spleen cells+ pregnant mouse serum: r.i.t. lxlO9;
O spleen cells+ non-pregnant mouse serum: r.i.t. 4 x 10s.

mouse sera to a titre ranging from 1 in 32 to 1 in 128. This serum factor was not
inactivated by heating at 56 °C for 30 min (r.i.t. 4x 109), but was inactivated by
heating at 72 °C for 30 min or 100 °C for 3 min (r.i.t. 1 x 108) and was not dialys-
able. A sample of serum was tested before and after dialysis and in both instances
the r.i.t. was 4 x 109, compared with the control test of 1 x 106.

Discussion

At the earliest stage of development, when the zygote has first divided into two
cells, transplantation antigen can be detected (Beer & Billingham 1974). The
foetus can, therefore, be regarded as an allograft at all stages of its existence. In
the mouse, the first cell division does not take place until 21-28 h after fertiliza¬
tion. However, the male and female pronuclei may be seen as early as 6 h after
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mating, and fertilization is considered to be complete when the pronuclei are
almost contiguous, at about 14 h (Rugh 1968). The results presented here have, by
means of the rosette inhibition test, demonstrated a very early depression of
lymphocyte reactivity, occurring at about the time of the formation of the
pronuclei.
It appears that fertilization of the ovum is necessary before increase in r.i.t.

occurs, since spleen cells from female mice, after sterile potent matings, showed no
significant difference in r.i.t. from those of the control non-pregnant mice.
An increase in r.i.t. can be provoked in normal mouse spleen cells by incubation

with serum taken from pregnant mice 6 and 24 h after mating. The site and mode
of production of this serum factor is not clear, but it has been suggested that the
trophoblast is the most likely site for the production of materials blocking the
maternal immune response (Beer & Billingham 1974). However, the trophoblast
is not formed until 4 days after fertilization in the mouse, and so could not be
responsible for the early alteration of reactivity of maternal lymphocytes which
has been demonstrated in this study. Haour & Saxena (1974), have recently
demonstrated an HCG-like substance in the blastocyst of the rabbit 3 days after
mating, before implantation. It seems likely that the serum factor detected by
the rosette inhibition test, as early as 6 h after mating, is produced by the fertilized
ovum, or that the fertilized ovum acts as a trigger mechanism to stimulate
production of a hormone from some other source, possibly pituitary or ovary.
From the properties so far investigated, it seems unlikely that this serum factor
is a steroid hormone, but whether it is a glycoprotein similar to IICG remains
to be determined.
Further studies are in progress to determine the precise nature and site of

production of the factor which brings about this early state of apparent immuno¬
suppression in the pregnant mouse. To establish this relationship formally will
require the isolation of the pregnancy factor and its characterization as an
immunosuppressive agent.
Similar studies are being carried out in the human female, and preliminary

results show a similar rise in r.i.t. in early pregnancy, suggesting the possible value
of this technique as a diagnostic test for pregnancy.
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Summary Modification of maternal lymphocyte
activity has been demonstrated early in

pregnancy by the rosette inhibition test. Normal human
lymphocytes showed a similar depression of activity
after incubation in serum from pregnant women, indi¬
cating that the response was caused by a serum factor.
This early pregnancy factor has been differentiated from
other substances which appear later in pregnancy and
which may also be involved in the suppression of the
maternal response. The results of this investigation sug¬
gest that the early pregnancy factor may be necessary
for the continued viability of the early embryo.

Introduction

We have used the rosette inhibition test to demon¬
strate a depression of lymphocyte activity in the preg¬
nant mouse,1 and have postulated that these investiga¬
tions present evidence for a state of immunosuppression
during pregnancy.2 Various pregnancy-associated sub¬
stances derived from serum have been described which
have a putative immunosuppressive activity—e.g., preg¬
nancy-associated x-macroglobulin (p.a.m.)3 and preg¬
nancy-zone protein (p.z.p.).4 The common feature of
these substances is that they are associated with the later
stages of pregnancy. The earliest thus far demonstrated
is human chorionic gonadotrophin (h.c.G.) at 7 days, co¬
incident with implantation.5 Contractor and Davies6
and Adcock et al.7 have shown that h.c.g. is capable of
inhibiting phytohaemagglutinin-induced lymphocyte
transformation. In the mouse, however, modification of
lymphocyte activity can be detected by the rosette inhi¬
bition test as early as 6 h after mating and this modifica¬
tion can be provoked in normal lymphocytes after incu¬
bation in serum from pregnant mice.2 We have carried
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out an investigation in women to determine whether
similar potentially immunosuppressive factors are pres¬
ent in the early stages ofpregnancy.

Materials and Methods

Blood-samples (24 ml) were taken from pregnant women at
varying stages of gestation. Lymphocytes were harvested from
16 ml of heparinised (preservative-free) blood by the 'Ficoll'-
'Isopaque' method8 and were used immediately after separa¬
tion for estimation of rosette inhibition titre (r.i.t.). The
remaining blood was taken into a dry tube, the serum was
separated, inactivated at 56°C for 30 min, and stored at
—30°C before testing. Lymphocytes from a normal donor were
tested in parallel. The normal control group consisted of males
and females. The females were tested throughout the men¬
strual cycle, on the day after intercourse, or while taking var¬
ious contraceptive pills.
Rosette Inhibition Test
The r.i.t. was determined by the technique described pre¬

viously9 with the following modifications. After separation
from the gradient, the human peripheral lymphocytes were
washed three times in Hanks' basic salt solution (b.s.s.) and
a final suspension of 10"*cells/|j.l was prepared.

Sheep red-blood cells (s.r.b.c.) were collected weekly into
preservative-free heparin. These cells were washed three times
in Hanks' B.s.s. before use, then made up to a concentration
of 105 cells/|xl.
Fresh pooled guineapig serum from six animals was

absorbed with equal quantities of washed human red-blood
cells and s.r.b.c. at 4°C for 2 h. The serum was prepared at
monthly intervals, stored at —30°C, and diluted one part to
four of Hanks' b.s.s. before use.

Goat anti-human lymphocyte serum (a.l.s.) was made as
described by Hogg et al.10 with neonatal thymuses as a source
of lymphocytes. After the completion of the immunisation
schedule, the goats were bled into dry bottles and serum was
collected, inactivated at 56°C for 30 min, and stored in ali-
quots at —30°C. A single a.l.s. was used throughout the exper¬
iment.
The inactivated a.l.s. was diluted 1 in 105 in Hanks' b.s.s.

followed by serial dilution to 1 in 128 x 103. These eight dilu¬
tions and two control tubes, containing Hanks' b.s.s. alone,
were tested for the formation of rosettes between human lym¬
phocytes and s.r.b.c. The serially diluted a.l.s. (0-25 ml),
absorbed diluted guineapig serum (0-05 ml) and lymphocyte
suspension (0-1 ml) were incubated at 37°C for 1| h. After in¬
cubation, s.r.b.c. suspension (0-1 ml) was added, and the
tubes immediately centrifuged at 200 g for 5 min. The cells
were then resuspended by rotation on a wheel at 10 r.p.m. for
5 min, the suspensions spread on a hEemocytometer, and the
number of rosettes per 400 lymphocytes counted in each dilu-
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tion. The r.i.t. was recorded as the reciprocal of the highest
dilution of a.l.s. in which the number of rosettes was 75% or

less than the number formed in the control test—i.e., lympho¬
cytes in Hanks' b.s.s. alone.

Testfor Serum Factors
Lymphocytes from normal donors were incubated in serum

from pregnant women. 1 ml of the prepared lymphocyte sus¬
pension (104 cells/p.1) was centrifuged, the supernatent
removed, and 0-25 ml of the test serum, diluted 1 in 2, was
added to the button of cells. This mixture was incubated at

37°C for 30 min. The cells were then washed twice in Hanks'
B.s.s., resuspended to a volume of 1 0 ml, and used for the esti¬
mation of r.i.t. by the method previously described. Cells from
the donor were tested in paTallel after incubation in Hanks'
B.s.s. alone. The serum from a group of non-pregnant females
was tested in a similar manner.
The h.c.g. concentration of serum samples from some of the

pregnant women was estimated by radioimmunoassay.11
The sera of two women—patient A (period of amenorrhea

K = 4 wk) and patient B (K= wk)—were serially diluted in
Hanks' B.s.s. and each dilution was tested for activity as de¬
scribed above.

Effect ofH.C.G.
Ten-fold dilutions of h.c.g. (Sigma Chemical Company,

activity 3930 i.u./mg) were prepared in Hanks' B.s.s. in con¬
centrations ranging from 10 ug per ml to 0-1 pg per ml. A peri¬
pheral lymphocyte suspension from a normal donor was pre¬
pared as described above, then the cells from 1 ml were
suspended in 0-25 ml of the h.c.g. dilution for 30 min at 37°C.
After incubation, the cells were washed twice and used for esti¬
mation of r.i.t. as described previously.
Follicle-stimulating hormone (f.s.h.), luteinising hormone.

(l.h.), and thyroid-stimulating hormone (t.s.h.) (Calbiochem,
San Diego, California) were tested in a similar manner for
their effect on lymphocytes. A single concentration of 10 iig/ml
was used.

Effect ofAnti-H.C.G.
Anti-h.c.g. (Wellcome Reagents Ltd., anti-l.h. (h.c.g.)

serum diluted 1 in 250) was reconstituted with Hanks' B.s.s.
and diluted 1 in 2 before use. Anti-h.c.g. (0-25 ml) was added
to serum from pregnant women (0-25 ml) and allowed to stand
for 18 h at 4°C. This serum was then tested for activity as pre¬
viously described. A control test was done by adding
anti-h.c.g. to the h.c.g. dilutions, and testing in a similar man¬
ner. h.c.g. concentrations of lO^gand 5 pg/ml were used.

Results

Rosette Inhibition Test

The r.i.t. of the a.l.s. with the lymphocytes from a
pregnant woman (K = 4 wk) compared with that using
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the lymphocytes of a normal female donor, is shown in
fig. 1. An r.i.t. of 16xl03 was obtained using cells from
the pregnant woman and of 2xl03 with the non-preg¬
nant donor cells. The r.i.t.s obtained using the lympho¬
cytes from 55 women at various stages of gestation are
shown in fig. 2. The logarithmic mean of r.i.t. x 10-3 (to
base 10) of this group was 0-98 (s.e. 0-036) compared
with a mean of 0-48 (s.e. 0-016) for the normal control
group. The Behrens-Fisher test was used to analyse the
results from these non-parametric data and showed a
significant difference between the means (p<0-001).

The control group consisted of 59 males and 26
females. The r.i.t. in all cases fell between 2xl03 and
4xl03. There was no variation in the female group
relating to the menstrual cycle, contraceptive pills, or in¬
tercourse. The log mean of the male group was 0-49
(s.e. 0-020) and of the female group was 0-48 (s.e.
0-029). There was no significant difference between

ROSETTE FORMATION (% of Control)
Fig. 1—Rosette formation with lymphocytes from a pregnant

woman (K=4 wk) (•) and non-pregnant woman (o) plotted
against A.L.S. dilution.
An increased r.i.t. during pregnancy is shown.
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these means as determined by Student's t test.
The pregnant and control groups were also analysed

bv comparing, in each case, the number of rosettes
formed in an a.l.s. dilution of 8xl03 as a percentage of
the number formed in Hanks' B.s.s. alone—e.g., in fig.
1, the % rosette formation at 8x 103 of the cells from the
pregnant woman was 57% and that of the non-pregnant
donor was 97%. The mean of these results in the preg¬
nant group was 62-6% (s.e. 2-74%) and of the control
group 88-2% (s.e. 0-91%), the difference being signifi¬
cant as determined by the Behrens-Fisher test
(PCO-OOl).
Lymphocytes from 4 pregnant women in the 1st or

2nd trimesters (K = 4 wk, 11| wk, 12} wk, and 20 wk)
gave results within normal limits (fig. 2). These results
were confirmed on retesting. In the 3rd trimester, 7 of
the 18 women tested gave results within the normal
limits (fig. 2).
Spontaneous Rosette Formation
The number of rosettes formed in Hanks' b.s.s. per

Fig. 4—Titre of activity present in serum of 2 pregnant women,
patient A (K=4 wk) and patient B (K 7 wk), estimated by in¬
cubating normal lymphocytes in each dilution of patient's
serum.

k patient A. patient B 24 h before surgical abortion; o patient
B 24 h after surgical abortion.
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100 lymphocytes was estimated for each individual in
the pregnant and control groups and the results com¬
pared. The mean of the pregnant group was 22-4 (s.e.
1-56) and of the control group 26-7 (s.e. 118).
There was a significant difference between the spon¬

taneous rosette formation in pregnancy compared with
that in the normal group (Student's t test p<0 05).
In the control group, the mean of the number of spon¬

taneous rosettes per 100 lymphocytes of the 59 males
was 26-1 (s.e. 1-54) and of the 26 females 27-9 (s.e.
1-87). There was no significant difference in these
means as determined by Student's t test.

Serum Factors

The sera of 28 pregnant women were tested for serum
factors. The results are shown in fig. 3. The log mean
r.i.t. of the control lymphocytes was 0-527 (s.e. 0-025)
compared with the log mean r.i.t. of 1-075 (s.e. 0-078),
obtained after incubation of these cells in serum from
pregnant women. The difference between these means is
significant (paired t test p<0-001), demonstrating an in¬
crease in r.i.t. using lymphocytes after incubation in
pregnarit women's serum.
There was no alteration in the r.i.t. using lympho¬

cytes tested before and after incubation in serum from
non-pregnant females.

Effect ofH.C.G.
The r.i.t. was determined using lymphocytes after in¬

cubation in varying concentrations of h.c.g. The r.i.t.
was increased to 32xl03 by concentrations of 10[rg per
ml through to 10 pg per ml. 1-0 pg/ml gave an r.i.t. of
16xl03 and 0-1 pg/ml gave results within the normal

effect of anti-h.c.g. on early pregnancy factor activity

Serum r.i.T.

H.C.G.

Patient (ng/ml) Dilution K +Hanks' b.s.s. +Anti-H.c.G.

A neg. 1/8 4 16xlOJ 16x10'
B , 325 1/2 7 64x10' 64x10'

1/8 32x10' 32x10'
1/128 16x10' 4x10'
1/10' 16x10' 4x10'

C 85 1/2 7 16x10' 16x10'

H.C.G. 10* 32x10' 2x10'
Hanks' b.s.s. neg. 4x10' 4x10'



limits. The activity of the h.c.g. solution (10 (ig/ml and
5 pg/ml) could be destroyed by previous incubation with
anti-h.c.g. There was no increase in the r.i.t. using lym¬
phocytes after incubation in f.s.h., l.h., or t.s.h. (10
l^g/ml).

Case-reports
The following four cases were studied in detail. The

results of the titration of sera from two women (patients
A and B) are shown in fig. 4. Activity was detected in
patient A to a serum dilution of 32 and in patient B to
a serum dilution of lxlO7. This activity was markedly
decreased in patient B on the day after therapeutic abor¬
tion (fig. 4) and was not detectable 4 wk later. These
serum samples were tested for activity after addition of
anti-h.c.g. The results are shown in the accompanying
table, together with the results of patient C (K= 7 wk).
There was no decrease in serum activity in the more
concentrated sera, but in patient B the serum diluted 1
in 128 and 1 in 106 was inactivated. The results of
h.c.g. estimations on serum from these patients are also
shown.

Pig* 5—Results of R.I.T. and H.C.G. estimations done on lym¬
phocytes and serum samples from patient D.
Normal range refers to r.i.t.. • ^r.i.t. cells; o=R.i.T. serum;
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One woman (patient D) who was being followed-up
regularly, had a spontaneous abortion at 11 wk. Her
lymphocytes gave an r.i.t. of 16x10* and serum activity
was detected to a titre of 8x 10* when tested at K=4, 5,
7, and 9 wk (fig. 5). However, at 10 wk, she had clinical
evidence of a threatened miscarriage and her r.i.t. and
serum activity fell to within normal limits. 7 days later'
she miscarried. Results of h.c.g. estimation on her
serum are shown in fig. 5. The results from the ,4th case
(patient E) are shown in fig. 6. This woman had a regu¬
lar 28-day cycle, and a blood-sample was taken 2 days
after ovulation and intercourse. The direct r.i.t. using
her cells was 16xl03 and serum factors detected to a

titre of 64 x 10*. This activity was not decreased by addi¬
tion of anti-h.c.g. (l.h.). At 20 and 23 days from l.m.p.,
both these results still increased above normal (r.i.t.
8xl03, serum activity 8xl03). At 27 days the results
were within normal limits (2xl03). One week later the
patient had strong uterine contractions and vaginal
bleeding. Pregnancy was not confirmed. She was tested
again during her next cycle, 2 days and 7 days after ovu¬
lation and intercourse. The results were within normal
limits. The h.c.g. estimation on all the serum samples
was negative.

r
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Fig. 6—Results of R.I.T. done on lymphocytes and serum sam¬
ples from patient E.
• -cells; o- serum.
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Discussion

Our investigation has shown that in women, as in
mice,2 the rosette inhibition test demonstrates a modifi¬
cation of lymphocyte activity during pregnancy and that
this state can be provoked in normal lymphocytes after
incubation in serum from pregnant women. Using the
lymphocyte response to phytohaemagglutinin as an assay
method, Purtilo et al.12 and Finn et al.13 have shown a
similar depression of activity with the effect most evi¬
dent in the third trimester. Several workers have attri¬
buted this alteration of activity to substances present in
the serum during pregnancy. Contractor and Davies6
and Adcock et al.7 have implicated h.c.g. and h.c.s. and
have shown that in vitro these substances can inhibit the
response of lymphocytes to phytohamagglutinin. We
have shown that h.c.g. can induce lymphocytes to give
an increased r.i.t. using a standard antilymphocyte
serum, and postulate that the effect that we have
observed in serum from pregnant women is a two-phase
system similar to that demonstrated in the mouse.15 The
early pregnancy factor (e.p.f.) presumably protects the
fertilised ovum until the placenta is established and is
able to produce h.c.g. to maintain this depressed im¬
munological state. This postulate is substantiated by the
results obtained from the serum of one of the pregnant
women, since the activity of a dilution of 1 in 8 could
not be inactivated by anti-h.c.g., but the activity beyond
this dilution could. This response did not appear to be
a dilution factor as the concentration of anti-h.c.g. used
was capable of inactivating concentrations up to 10
fig/ml.
Other substances thought to be involved in the con¬

tinued acceptance of the fetus are pregnancy-associated
p.a.m.3 and p.z.p.4 Unlike e.p.f., neither of these sub¬
stances is detectable before 6-9 wk gestation and both
are in greatest concentration in the third trimester.
Stimson3 showed that in vitro p.a.m. depressed the

number of T-cell rosettes formed with s.r.b.c., and
Strelkauskas et al.14 have suggested an in-vivo depres¬
sion of T-cell activity in the first trimester of pregnancy.
With the technique used in our investigation we have
shown a significant alteration in the spontaneous rosette
formation during pregnancy. This suggests that there is
some blocking of the binding sites on the lymphocytes,
leaving fewer sites available for reaction with a.L.s.
resulting in the higher r.i.t. obtained.
There was no increase in r.i.t. throughout the men-
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strual cycle or after incubation of lymphocytes with
I.h.j f.s.h., or t.s.h. The test differs from the radio¬
receptor assay of Saxena et al.,5 in which they detected
the mid-cycle surge of l.h. as well as h.c.g. 6 days later.
Further investigations are being made into the time of
production of e.p.f. with relation to fertilisation, the site
of production, and the biochemical nature of this sub¬
stance. One case tested, although not a confirmed preg¬
nancy, suggested that e.p.f. could be produced as early
as has been demonstrated in mice.2
The serum activity disappears rapidly after surgical

abortion, but seems to precede spontaneous abortion by
as much as a week. Further work is directed towards

clarifying these findings and to determining whether the
presence of e.p.f. is necessary to maintain the continued
viability of the early embryo.
We are grateful to Ms Sandra Tillack for the h.c.g. estimations.
Requests for reprints should be addressed to G. J. A. C., University

Department of Surgery, Princess Alexandra Hospital, Ipswich Road,
Woolloongabba, Brisbane, Queensland 4102, Australia.
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Detection and separation of two serum factors responsible for
depression of lymphocyte activity in pregnancy
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{Received 9 December 1977)

SUMMARY

Studies using the rosette inhibition test have demonstrated a depression of lymphocyte activity in
pregnant mice which occurs as early as 6 hr after fertilization and persists until just before delivery.
This depression of lymphocyte activity is induced by two serum factors, the relative contributions
of which vary with the time of gestation. The first, a high molecular weight early pregnancy
factor, appears within hours of fertilization and then slowly declines in activity as gestation
proceeds. The second, a lower molecular weight substance which cross-reacts with antiserum to
human chorionic gonadotrophin, appears after the formation of the trophoblast at 4-5 days and
persists until parturition.

INTRODUCTION

The foetus possesses some of the paternal genetic characteristics and is therefore normally antigenically
dissimilar to its maternal host. Despite this antigenicity and the apparent immunological competence of
the mother, the foetus manages to escape immunological destruction for the duration of pregnancy. The
failure of the maternal immune system to identify and reject the foetus as non-self is a phenomenon for
which no entirely satisfactory explanation has yet been found (Amoroso & Perry, 1975). It has been sug¬
gested that the success of the foetus as an allograft may in part depend on a depression of the maternal
immune system, and this is supported by the demonstration of a suppression of maternal lymphocyte
activity during pregnancy as measured by the diminished response to phytohaemagglutinin (Finn et al.,
1972; Purtilo, Hallgren & Yunes, 1972).
We have recently demonstrated that the rosette inhibition test can also be used to show a state of

depression of lymphocyte reactivity in pregnant mice (Morton, Hegh & Clunie, 1974) and in pregnant
human females (Morton et al., 1977). The rosette inhibition test (Bach et al., 1969) depends on the
blocking of lymphocyte antibody binding sites by an immunosuppressive anti-lymphocyte serum (ALS),
which then decreases the number of spontaneous rosettes formed between lymphocytes and heterologous
red cells. However, if lymphocytes have already been subjected in vivo to some immunosuppressive
agent, the inhibition of rosette formation in vitro occurs at a higher dilution ofALS, i.e. the rosette inhibi¬
tion titre (RIT) is increased, providing a measure of the effectiveness of immunosuppression (Munro et
al., 1971).
The depression of lymphocyte activity in pregnant mice, as measured by the rosette inhibition test,

occurs as early as 6 hr after a successful mating and persists until just before delivery. A similar increase
in RIT can be provoked in normal mouse spleen cells by incubation with serum taken from pregnant
mice (Morton, Hegh & Clunie, 1976).
Other studies (Contractor & Davies, 1973; Han, 1974) have implicated the polypeptide hormone

chorionic gonadotrophin (HCG) in the induction of lymphocyte suppression during pregnancy, since
Correspondence: Professor G. J. A. Clunie, Department of Surgery, Princess Alexandra Hospital, Ipswich Road, Wool-

Ioongabba. Queensland, Australia 4102.
0099-9104/78/0500-0318 $02.00 ©1978 Blackwell Scientific Publications
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incubation of normal lymphocytes with this hormone in vitro leads to a state of depressed lymphocyte
activity in response to phytohaemagglutinin. However, chorionic gonadotrophin is trophoblastic in
origin, whereas in the pregnant mouse serum the activity provoking a rise in the RIT ofnormal lympho¬
cytes is detected well before the formation of the trophoblast (Morton et al., 1976). The following series
of experiments has therefore been undertaken to clarify the nature of the serum factors responsible for
the observed changes in lymphocyte activity during gestation in the mouse.

MATERIALS AND METHODS

Collection of sera. Quackenbush mice aged 8-14 weeks were mated according to the schedule described by Rugh (1968).
vaginal plug was taken as evidence of mating, and a fertilized ovum or embryo on autopsy as evidence of pregnancy.
Groups of pregnant mice were bled at 24 hr, 7 days, 12 days and at parturition. The mice were anaesthetized with ether,
en bled by cardiac puncture. Serum was collected from these blood samples, inactivated at 56°C for 30 min and stored at
30°C. Before testing, serum samples were thawed and pooled.
Normal spleen cells were obtained from male mice, which had been anaesthetized and exsanguinated before the removal

of the spleen.
Estimation ofrosette inhibition titre (RIT). The RIT of a standard rabbit anti-mouse lymphocyte serum (ALS) was estimated
sing normal spleen cells previously incubated in pregnant mouse serum.
A spleen cell suspension was prepared as previously described (Morton, Hegh & Clunie, 1975), then 1-2 ml of this suspen-

ton was centrifuged at 200 g for 5 min. The supernatant was removed and replaced with 0-25 ml of the serum or serum
fraction to be tested. After a 30 min incubation at 37°C, the cells were washed twice with Hanks's Balanced Salt Solution
HBSS), then resuspended to a volume of 1-2 ml. This cell suspension was then used to estimate the RIT of the standard
ALS. Each test included a positive control (spleen cells incubated in 24 hr pregnant mouse serum) and a negative control
(cells in HBSS). The RIT was estimated (Morton et al., 1975) using the ALS in serial dilutions from 106 to 256x 109.

The effect ofHCG on spleen cells. Normal spleen cells were incubated for 30 min at 37°C in varying concentrations ofHCG
(Sigma Chemical Company, activity 3930 iu/mg), ranging from 10 //g/ml to 0-1 pg/ml. A volume of these solutions (0-25 ml)
was added to the cells from 1-2 ml of spleen cell suspension, and the estimation ofRIT carried out as previously described.
Follicle-stimulating hormone (FSH), luteinizing hormone (LH) and thyroid-stimulating hormone (TSH) (Calbiochem,

San Diego, California) were tested in a similar manner at a concentration of 10 //g/ml.
Column chromatography. 1-5 ml samples of pregnant mouse sera were applied to an Ultrogel AcA34 (LKB) column (40 x

3 cm) equilibrated with 0-05 m Tris-Cl and 04 m NaCl, pH 8-0, and eluted with the same buffer. The absorbance at 280 nm
was monitored continuously (Uvicord, LKB) and 3 ml fractions were collected. The fractions were tested for their ability
to increase the RIT of normal mouse spleen cells as described above.
For comparison of gel filtration behaviour at pH 8-0 and pH 2-0 a Biogel P-300 column (3 x 40 cm) was prepared and

equilibrated with either 0-05 m Tris-Cl and 01 m NaCl, pH 8-0, or 0-1 m glycine-HCl, pH 2 0. 1-5 ml samples
of 24 hr pregnant mouse sera were equilibrated with these buffers by dialysis and then fractionated on the Biogel P-300
column equilibrated with the appropriate buffer. In the case of the pH 2-0 elution, the resulting fractions were dialysed
against 0-05 m Tris-Cl and 0T m NaCl, pH 8-0, before testing their ability to increase the RIT using normal mouse spleen
cells. A control sample of 24 hr pregnant mouse serum was equilibrated with 0-1 m glycine-HCl, pH 2-0, for the same period
of time, then re-equilibrated with 0-05 m Tris-Cl and 0-1 m NaCl, pH 8-0, before re-testing for activity.
The columns were calibrated with the following standard proteins obtained from Sigma Chemical Co., St Louis, Missouri:

cytochrome C (mol. wt. 12,400); chymotrypsinogen (mol. wt. 25,000); ovalbumin (mol. wt. 45,000); bovine serum albumin
(mol. wt. 68,000); aldolase (mol. wt. 160,000); catalase (mol. wt. 200,000); pyruvate kinase (mol. wt. 240,000); and phos-
phofructokinase (mol. wt. 360,000).

The effect of anti-HCG on serum samples. Anti-HCG (Wellcome Reagents Ltd; anti-LH (HCG) serum diluted 1 in 250)
was reconstituted with HBSS and diluted 1 in 2 before use. The anti-HCG (0-25 ml) was added to the serum and serum
fractions (0-25 ml), then allowed to stand for 18 hr at 4°C before testing for activity, as previously described. Control tests
were performed by adding anti-HCG to the HBSS alone and to HCG dilutions (10 //g/ml and 5 pg/ml) before testing in a
similar manner.

RESULTS

The RIT of normal mouse spleen cells was estimated after incubation in non-pregnant mouse serum. In
a group of twenty mice, the results fell between 106 and 4x 106, the arithmetic mean of the logarithm
(base 2) RITx 10~6 being 0-50 (+0-26 s.e.m.).
After incubation in 24 hr pregnant mouse serum (twenty samples), the RIT of normal mouse spleen
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cells was significantly increased to a range of 109 to 256 x 109, giving a log mean RIT of 13-90 (+0-52
s.e.m.) (TcO-OOl).

The effect ofHCG on spleen cells
Incubation of normal mouse spleen cells with HCG led to an increase in maximal RIT at HCG levels

greater than 10 pg/ml (Fig. 1). At an HCG concentration of 100 pg/ml, the log mean RIT, using a group
of six mice, was 13-60 (+ 0-58 s.e.m.). This is significantly different from the RIT using the same cells
before incubation in HCG, with a mean of 0-80 (±0-49 s.e.m.) (P<0-01).
Incubation of cells with the related polypeptide hormones TSH, FSH and LH had no effect on

RIT.

IOOO 100 50 10 5 I 0-5 0-1

HCG (pg/ml)

Fig. 1. The RIT of a standard ALS estimated using normal mouse spleen cells after incubation in varying
concentrations of HCG.

The effect ofpregnant mouse serum fractions on RIT
The material giving rise to the increased RIT obtained from 24 hr pregnant mouse serum eluted from

an Ultrogel AcA34 gel filtration column as a single peak (Fig. 2a), with an apparent molecular weight of
approximately 180,000 daltons, in the same region of the serum profile in which gamma globulins are
eluted. In contrast to this, the activity factor in 7 day pregnant mouse serum eluted as two distinct
peaks (Fig. 2b), one corresponding to that found in the 24 hr pregnant sample and the other in a position
corresponding to a much lower apparent molecular weight of approximately 40,000 daltons. By 12 days of
gestation (Fig. 2c), the first peak of activity had almost completely disappeared and nearly all the activity
was then associated with the lower molecular weight fraction. Immediately after parturition, no activity
was detected in the serum. It will be noted (Fig. 2c) that the activity factor in HCG eluted in the same

position as the second peak of activity present in 7 day and 12 day sera, suggesting that these sera may
contain a factor analogous to HCG.

The effect ofpH on serum factors
The activity factor in 24 hr serum giving rise to the increased RIT eluted with the same apparent

molecular weight (approximately 180,000 daltons) at pH 2-0 as it did at pH 8-0. In the control serum
sample, no loss of activity resulted following equilibration to pH 2-0, then re-equilibration to pH
8-0.

The effect ofanti-HCG on serum factors
Samples of the high and low molecular weight factors obtained from the 7 day pregnant mouse sera by
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Fig. 2. A comparison of the gel filtration behaviour of serum pregnancy factor activity detected in mice at:
(a) 24 hr; (b) 7 days; and (c) 12 days gestation. (■) Serum pregnancy factor, (o) HCG.

' gel filtration chromatography (Fig. 2b) were incubated with anti-HCG for 18 hr, and then tested for their
ability to induce a rise in the RIT using normal mouse lymphocytes. A sample of unfractionated serum
was similarly tested. As shown in Fig. 3, the activity of the low molecular weight factor was completely
abolished by anti-HCG treatment, while that of the high molecular weight factor and the whole serum
was unaffected. The anti-HCG also abolished the ability of HCG to increase the RIT using normal
lymphocytes (Fig. 3). These results indicate that the low molecular weight factor is closely related to
HCG and may be a murine chorionic gonadotrophin, while the high molecular weight factor is not
related to this hormone.

Various pregnancy-associated substances derived from the serum have been described which have a

possible immunosuppressive role. Among these are pregnancy-associated a-macroglobulin/a2-glyco
protein (Stimson & Eubank-Scott, 1972; von Schoultz & Stigbrand, 1973) and a-foetoprotein (Yachnin,
1976), which share a common feature in that an increase in concentration is only significant in the later
stages of pregnancy. The earliest serum factor with possible immunosuppressive activity which has thus
been demonstrated is HCG, which appears in the serum coincident with implantation and the formation
)f the trophoblast. Adcock et al. (1973) and Teasdale et al. (1973) reported that HCG inhibited the thy-
nic-derived lymphocyte response in both the mixed lymphocyte culture and phytohaemagglutinin
itimulation assays. Similar results have been reported by Contractor & Davies (1973), Kaye & Jones
1971) and Han (1974). In the present studies we have confirmed the ability of HCG preparations to
nfluence the lymphocyte reactivity by demonstrating a marked increase in the rosette inhibition titre of
lormal mouse lymphocytes on incubation with extremely low levels (5 pg/ml) of hormone preparation.
There has been some controversy about the active factors in HCG preparations which affect the lympho-

DISCUSSION



322 F. M. Clarke, H. Morton & G. J. A. Clunie
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16 x I06

10"
Control Serum High mol.wt.
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Low mol. wt.
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HCG

Fig. 3. The effect of anti-HCG on the activity detected in 7 day pregnant mouse serum and two fractions, high
molecular weight fraction (120 ml elution volume) and low molecular weight fraction (155 ml elution
volume). Control solutions consisted of HCG (10 /tg/ml) and HBSS. Quantitative comparisons can be made
only between individual samples of serum, eluates or solutions with and without anti-HCG. (E3) Plus HBSS;
(□) plus anti-HCG.

cyte reactivity. The present studies and those mentioned above were all carried out with commercia
preparations of HCG with activities of 3000-4000 iu/mg. Gundert et al. (1975) and Caldwell, Stites 8
Fudenberg (1975) have reported that purified HCG (10,000-13,450 iu/mg) had no activity agains
lymphocytes. On the other hand, Beling & Weksler (1974) have been reported a suppression of mixec
lymphocyte reaction by highly purified HCG (13,700 iu/mg) obtained by a different purification pro¬
cedure. Although the present observation of lymphocyte suppression by concentrations as low as 5 pg/ml=
of hormone preparation and removal of this activity by anti-HCG antiserum argues in favour of the
active principle being HCG, final resolution of the problem must await further investigation.
As pointed out above, HCG does not appear in the serum until after implantation, whereas in oui

previous studies in both mouse (Morton et al., 1976) and human (Morton et al., 1977) we have demon¬
strated that a modification of lymphocyte activity, as detected by the rosette inhibition test, occurs as
early as 6 and 24 hr respectively after mating.
The present studies have established that the increased RIT in the pregnant mouse is due to the pres¬

ence of two serum factors: one, a low molecular weight factor which appears after the formation of the
trophoblast and which is responsible for the activity in the later stages of gestation; and the other, a new
high molecular weight factor which is responsible for the activity in the early stages of gestation.
The low molecular weight factor which appears at or about the time of implantation has been

designated a gonadotrophin-like substance on the basis of its cross-reactivity with human chorionic
gonadotrophin and its similar physical properties as illustrated by its gel filtration behaviour. Its time o.
appearance in the serum during pregnancy is consistent with it being of trophoblastic origin, as is
HCG. A gonadotrophin-like substance has previously been demonstrated in the placenta but not the
serum of pregnant mice (Cerutti & Lyons, 1960).
The high molecular weight factor (hereafter called early pregnancy factor, EPF) does not seem to b

related to chorionic gonadotrophin and appears in the serum within a matter of hours after fertilization
well before the formation of the trophoblast. Its activity in the serum declines as that of the presumabl;
trophoblast-derived gonadotrophin-like substance increases. The site of production of the EPF remain
unknown. Its appearance in the serum within hours of fertilization, well before even the first cell divisioi
at 21-28 hours, suggests that it may be produced by the fertilized ovum or that the fertilized ovum act
to stimulate its production from another source.
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EPF does not appear to be an antigen-antibody complex, as are the blocking factors found in the sera

of tumour-bearing animals (Baldwin & Robins, 1976), nor does its apparent molecular weight and gel
filtration behaviour correspond to that of any of the previously described pregnancy-associated serum
components with putative immunosuppressive activity.
It appears possible that the early pregnancy factor and chorionic gonadotrophin form the basis of a

two-phase system which may play an important role in protecting the foetus from the maternal immune
system. The EPF may protect the fertilized ovum until the placenta is established and is able to produce
chorionic gonadotrophin to maintain the depressed immunological state. Other studies in these labora¬
tories have detected EPF activity in other species, including the human female (Morton et al., 1977),
and further studies are now in progress to isolate and characterize this factor.
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The rosette inhibition test has been used to detect an early
pregnancy factor (EPF) in the serum of ewes. EPF was
shown to be present within 72 h of mating and was still
detectable after one month of gestation and in some cases
after four months' gestation. The detection of EPF could
be of value in the diagnosis of pregnancy in the ewe during
the first month of gestation.

a diagnostic method which can discriminate between
failure to fertilise and failure to sustain early pregnancy
is of obvious utility in studies on ovine reproduction.
Recently we have described the use of the rosette in¬
hibition test in detecting an early pregnancy factor
(EPF) in mice (Morton et a! 1976), humans (Morton
et al 1977) and sheep (Morton et al 1979). The basis of
this test is the measurement of the anti-lymphocyte anti¬
body-sparing property of the early pregnancy factor. In
brief, some T-cell lymphocytes together with complement
and heterologous red blood cells form spontaneous
rosettes. If anti-lymphocyte serum (ALS) is added to the
lymphocytes prior to the addition of the red blood cells,
the formation of rosettes can be inhibited by at least 25
per cent. The rosette inhibition test, as applied to the
detection of immunosuppressive substances such as
EPF, is based on the ability of these substances to replace
ALS in this system, and so decrease the amount of ALS
required to produce the same rosette inhibition.
Preliminary work (Morton et al 1979) has shown that

EPF can be detected in sheep which have been mated
following an artificially induced oestrus. The present
investigation was carried out to determine whether the
test could be used to diagnose early pregnancy in paddock
mated sheep. The time course of the presence of EPF in
the serum relating to pregnancy was also determined.

Materials and methods

Animals

On three occasions small groups (eight to 10 animals)
of Merino ewes were placed in a 1 ha paddock with a
Merino ram fitted with ewe-marking harness (Radford
et a! 1960). The animals were yarded every second or
third day and blood samples collected by jugular vene¬
puncture from ewes exhibiting raddle marks on the
rump. After sampling the ewes were returned to the
paddock with the ram. One animal subsequently returned
to service and a further sample was collected after the
second service. Blood samples were collected at monthly
intervals from all mated ewes until either slaughter or
lambing. An estimate of gestational age (Richardson
et al 1976) or the actual gestational period (143-151 days)

was used to confirm that the ewes, with the one exception,
had held to the first service.
Blood samples were also collected, just before slaugh¬

ter, from several ewes of unknown breeding history. At
slaughter these animals were found to be pregnant and an
estimate of gestational age was made using the data of
Richardson et al (1976).
Blood samples were also collected from three additional

groups of ewes: (i) a group of nine ewes which had been
segregated from rams for the preceding month and whose
uteri were found to be empty at slaughter; (ii) a group
of 15 lactating ewes which had lambed in the preceding
two weeks; (iii) a group of 16 ewes selected at random.
For statistical analysis the first two groups were com¬
bined to form a control (non-pregnant) group.

Test for EPF
Serum samples from mated sheep were tested for the

presence of EPF by the rosette inhibition test, using spleen
cells taken from non-pregnant sheep. The results were
expressed in terms of the rosette inhibition titre (RIT).
The method is described in detail elsewhere (Morton
et al 1979).

Statistical analysis
The results are expressed as the logarithm (base 2) of

RIT x IB"3. The Behrens-Fisher test was used to deter¬
mine the significance of the difference between means.

Results

The mean RIT for the samples from the control (non¬
pregnant) group of ewes was 9-8 ±0-34 (SE). All values
for this group and for the random group were within
the range eight to 12.
The results for the pregnant ewes are illustrated in

Fig 1.
The mean RIT of the samples collected within 72 h

of mating was 21T ± 1 -2 which was significantly different
from the non-pregnant group (P< 0-001). One of the
samples had a value of 10 and this was the only one of
the 20 samples with a value below 14.
The mean value for the 20 samples collected one month

after mating was 19-0±0-8, which was significantly
different from the mean of the non-pregnant group
(P< 0-001). The ewe that had an RIT of 10 when tested
within 72 h of mating also showed a value of 10 when
tested one month after mating. This animal was slaugh¬
tered 40 days after mating and the uterus found to contain
a fetus of approximately 40 days gestational age.

261
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FIG 1: The mean RIT of serum samples from ewes bled after
mating and at monthly intervals during gestation. (Vertical
bars represent one standard error)

At two and three months after mating the mean RIT
values (15-3+ 1-3 and 14-2 +1-2 respectively) were still
significantly different (P<005) from those of the non¬

pregnant ewes although at both times several ewes had
values within the non-pregnant range.
At four months the mean value did not differ signifi¬

cantly from that of the non-pregnant ewes. However,
even at this stage of gestation, there were three ewes
with elevated RIT values. At parturition all values were
within the normal non-pregnant range.

Discussion

The results of this investigation show that, in sheep,
the presence of an early pregnancy factor can be demon¬
strated within 72 h of mating and that this factor is still
detectable after one month of gestation and in some cases
after four months' gestation. Previous trials have in¬
dicated that it is unlikely that this factor is produced by
oestrus or by mating; Morton et al (1979) have shown
that EPF production does not occur when oestrus is
induced by an analogue of prostaglandin F2a nor does it
occur following infertile matings with salpingectomised
ewes.

The animals in this series were paddock mated and in
most cases the exact time of mating was not known
although it was known that the first sample was always
collected within 72 h of mating. In one case the time of
service was accurately recorded; this ewe had an elevated
RIT 6 h after mating. Morton et at (1979) recorded ele¬
vated titres in ewes 24 h after mating.
The detection of EPF could prove to be a very useful

aid for the diagnosis of pregnancy during the first month
of gestation. From a total of 40 samples collected from

pregnant ewes during the first month of gestation only
two samples did not show elevated titres. These samples
were from the one animal, there was no apparent reason
for its failure to exhibit an elevated titre.
The maximum RIT value for the control (non-pregnant)

and the random ewes was 12, ie, there were no elevated
RIT values for the 40 ewes. This would suggest that if the
detection of EPF is to be used as an aid to pregnancy
diagnosis then the incidence of false positive diagnoses is
likely to be very low.
In the series of ewes tested by Morton et al (1979) there

was one animal which had an elevated titre at one, two
and six days after mating. The titre had returned to the
normal non-pregnant range at 11 days and the animal
returned to service at 19 days. It was suggested that
embryonic death may have occurred before day 11 of
pregnancy. In our series there was one ewe which was
served on two occasions 19 days apart. A subsequent
estimate of gestational age indicated that the ewe had
held to the second service. Following each service there
was an elevated RIT and this indicates that early em¬
bryonic death may have occurred after the first service.
The detection of EPF could be of particular value in

studies on infertility in sheep where it is desirable to be
able to differentiate between a failure to fertilise and a

failure to sustain pregnancy. A fall in serum progesterone
levels at 15 to 16 days and/or a return to oestrus may
both be indications that a ewe is not pregnant but neither
can differentiate between a failure to fertilise and a failure
to sustain pregnancy. The detection of an elevated RIT
shortly after mating confirms that fertilisation has taken
place. If the RIT returns to normal within one month of
mating, it can be assumed that pregnancy has not been
sustained.
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Summary. The rosette inhibition test, an established test for determining the immuno¬
suppressive potential of antilymphocyte serum, has been applied to the serum of
sheep after mating. The rosette inhibition titre was much higher (12-26) in 7 sheep
which were fertilized and remained pregnant for up to 21 days than in 5 sterile ewes
mated with intact rams (8-10). The difference was apparent by 24 h after mating.
One ewe had high titres for 6 days after mating but these then dropped and she
returned to oestrus; early embryonic loss was suspected. Another ewe which
returned to oestrus had consistently low titres. The results indicate that the rosette
inhibition test can be used to detect fertilization, early embryonic death and
continued pregnancy in sheep.

Introduction

The early detection of pregnancy in domestic animals is a problem of practical importance in
animal husbandry and of scientific interest in the study of production and fertility. In sheep and
cattle, pregnancy cannot as yet be detected by non-surgical methods before the expected return
to oestrus. Although a fetus-derived antigen has been detected in circulating maternal blood
(Cerini, Findlay & Lawson, 1976), its presence does not enable accurate identification of those
animals in which fertilization has occurred.

The discovery of an "early pregnancy factor" in the serum of pregnant mice (Morton, Hegh
& Clunie, 1974, 1976a) and women (Morton, Rolfe, Clunie, Anderson & Morrison, 1977) has
raised the possibility of accurate diagnosis of early pregnancy in domestic animals. Morton et al.
(1974, 1976a, 1977) used a modification of the rosette inhibition test of Bach, Dormont,
Dardenne & Balner (1969) to assess the influence of sera from pregnant mice and women on the
ability of an immunosuppressive antilymphocyte serum to decrease the number of spontaneous
rosettes formed between lymphocytes and heterologous red blood cells. The "early pregnancy
factor" in mice was detectable from 6 h after mating until 4-6 days before term (Morton et al.,
1976a), and it was therefore considered that the presence of a similar factor might prove a means
of determining pregnancy in sheep. The present study is an investigation of the use of the rosette
inhibition test for early detection of fertilization and continued pregnancy in ewes.

Materials and Methods

Management ofanimals and collection ofserum
Nine (9) Merino ewes were injected with 125 pg of an analogue of prostaglandin F-2a

(Cloprostenol: ICI, Australia Ltd) and kept with 2 raddled vasectomized rams. Ewes detected in
75
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oestrus were mated with intact rams twice within 30 min. Blood was collected from the ewes

before and at 24 h, 48 h, 6, 11, 16 and 21 days after service. The separated serum was
inactivated by heating at 56°C for 30 min and stored at -30°C. Returns to oestrus were
recorded by using raddled teaser rams.

Five (5) ewes were bilaterally salpingectomized to prevent fertilization. Ovulation was
induced in these control animals by using withdrawal of a progestagen-impregnated intravaginal
sponge (Upjohn Pty Ltd) after 12 days and s.c. injection of 700 i.u. PMSG 24 h before sponge
withdrawal. Oestrus was recorded and oestrous ewes were mated as described above. Serum

samples were obtained before and at 1, 2 and 6 days after mating.

Preparation ofmaterials

Spleen cell suspension. The method used was based on that previously described (Morton et
al., 1975, 1976b). Spleens were obtained daily from wethers immediately after slaughter at the
abattoir. The spleen was more convenient than peripheral blood as a source of lymphocytes
because of the large number of cells required for the test. A spleen was finely chopped, then
suspended in Hank's Balanced Salt Solution (BSS) at room temperature. After removal of the
sediment, the supernatant solution containing the spleen cells was centrifuged at 200 g for 5 min.
Distilled water (0-5 ml) was added to the spleen cell pellet for 5 sec to haemolyse any sheep red
blood cells present, then the cells were washed twice in BSS and resuspended to give a final
preparation of 1 - 5 x 104 spleen cells/pi BSS.

Antilymphocyte serum. A rabbit anti-sheep lymphocyte serum was prepared by a
modification of the method described by Gosso, Wood & Monaco (1972). The suspension of
sheep spleen cells for injection was prepared as previously described but to give 1 x 105 nucleated
cells/pl 0-9% (w/v) NaCl. Rabbits were injected subcutaneously at multiple sites with 0-5 ml
spleen cell suspension in 0-5 ml Freund's complete adjuvant. Intravenous injections of 0-5 ml
spleen cell suspension were given 4 weeks later on each of 3 successive days. The rabbits were
bled from the ear vein on the 9th, 11th and 13th days after the last injection, the serum was

separated, inactivated at 56°C for 30 min and stored at —30°C. The rosette inhibition titre of
these samples of antilymphocyte serum was estimated using normal sheep spleen cells and
human red blood cells (Morton et al., 1975). One batch of antilymphocyte serum was used
throughout, the serum being dispensed into small aliquots before freezing.

On the day of testing, the antilymphocyte serum was diluted to 1 in 256 x 103 in BSS
followed by serial dilution to 1 in 1 048 576 x 106. Dilutions below 256 x 103 were not used
because of the presence of non-specific antibodies (Morton et al., 1976b). For each test, 12
different dilutions of antilymphocyte serum and 2 controls (BSS alone) were used (see Text-fig.
1). The dilutions are expressed as the logarithm (base 2) of their reciprocal x 10~3; e.g. the
dilution of 1 in 256 x 103 is equivalent to 8.

Guinea-pig serum. The serum from 6 animals was pooled then absorbed with equal volumes
of washed human RBC and sheep RBC at 4°C for 2 h before storage at —30°C in 0-3 ml
aliquots. The serum was then thawed and diluted 1 in 5 in BSS immediately before use. The
serum was tested for complete absorption against the human RBC suspension.

Human RBC suspension. Fresh human RBCs were obtained daily from a donor, washed 3
times in BSS and made up to a final suspension of 1 x 105 cells/pi.

Rosette inhibition test

A lymphocyte pellet was prepared by centrifuging 1-4 ml spleen cell suspension for 5 min at
200 g. The serum from the mated sheep was thawed, diluted 1 in 2 in BSS and 0-4 ml was added
to the lymphocyte pellet which was resuspended and incubated for 30 min at 37°C. After
incubation, the cells were washed twice, the final volume was made up to 1-4 ml with BSS and
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this spleen cell suspension was used for the estimation of the rosette inhibition titre of the anti-
lymphocyte serum.

A known positive and negative test were included with each batch of test sera. The positive
test contained serum from a sheep known to be pregnant; the ewe had been bled 24 h after
mating, the serum stored in 0-5 ml volumes at —30°C and a fresh sample used each day. The
negative test contained spleen cells incubated in 0-4 ml BSS without serum.

Serially diluted antilymphocyte serum (0-25 ml), absorbed diluted guinea-pig serum (0-05
ml) and spleen cell suspension (0-1 ml) were incubated at 37°C for 1^ h. After incubation a 0-1
ml suspension of human RBCs was added and the tubes were immediately centrifuged at 200 g
for 5 min. The cells were then resuspended by rotation on a Matburn Wheel (10 rev./min for 5
min) and this suspension was spread on a haemocytometer. The number of rosettes per 2 x 103
lymphocytes was counted. Each count was done in duplicate. The rosette inhibition titre was
recorded as the highest dilution of antilymphocyte serum in which the number of rosettes formed
was less than 75% of the number formed in BSS alone (control count).

Results

Representative titration curves of the rosette inhibition test on serum samples from a sheep
before and 24 h after mating are illustrated in Text-fig. 1. The highest dilution of the anti¬
lymphocyte serum to give less than 75% rosette formation was 10 before mating and 26 after
mating. The number of rosettes per 2 x 103 lymphocytes formed in BSS alone, using spleen cells
from different sheep and human RBC from different donors, ranged from 60 to 225, with a mean

Rosettes (% of control)

Text-fig. 1. Titration curves for rosette formation obtained using spleen cells from a non¬
pregnant sheep tested after incubation in serum taken from a ewe before (O—O) and 24 h after
(• • ) mating. The antilymphocyte serum dilutions are represented as the logarithm (base
2) of the reciprocal of the dilution x 10~3. The number of rosettes formed in each dilution of anti¬
lymphocyte serum is expressed as a percentage of the number of rosettes formed without anti¬
lymphocyte serum (control). The shaded area indicates the range of values obtained with spleen
cells from the negative controls and sheep known to be non-pregnant.
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0 4 8 12 16 20

Days after mating

Text-fig. 2. The mean ± s.e.m. rosette inhibition titres obtained from serum samples taken before
and at various times after mating from 7 pregnant ewes (# #) and 5 sterile control ewes
(O O). The shaded area indicates the range of values obtained with spleen cells from the
negative controls and sheep known to be non-pregnant.

of 133 ± 6-9 (s.e.m.) for 49 observations, i.e. rosette formation was 2-11% of the total
lymphocyte count.

The negative control group, i.e. spleen cells tested alone without incubation in serum, gave a
mean inhibition titre of 9-14 ± 0-22 (s.e.m.) (« = 21). The range of these values was from 8 to 10
and is illustrated in Text-figs. 1 and 2 as the shaded area. The range of values of the known
positive test, i.e. the serum from one ewe retested, was 20 to 22.

Of the group of 9 mated sheep, 2 ewes returned to oestrus 19 days later and were assessed as

non-pregnant. The results for the serum samples from the remaining 7 ewes, and those for 5
mated but sterile ewes are shown in Text-fig. 2. The mean + s.e.m. titre for serum sample taken
before mating was 8-57 ± 0-37 (n = 9) and was not significantly different from the values for the
sterile ewes (9-60 ± 0-40, n = 5) and the negative control group (see above). However, by 24 h
after mating, the titre (22-28 ± 1-27) had increased significantly (P < 0-001. Behrens-Fisher
test). Although lower than the values on Days 1 and 2 the titres on Days 6. 11. 16 and 21 were
all greater (P < 0-001) than those for the same ewes tested before mating.

Of the 2 sheep that returned to oestrus 19 days after mating one showed no increase in titre
up to its return to oestrus, all values remaining within the range for the negative controls and
non-pregnant ewes (8 to 10). Significantly increased titres of 24, 26 and 18 were found for the
other ewe at 1, 2 and 6 days, respectively, after mating, but the titre returned to the non-pregnant
range by Day 11.

Discussion

The earliest overt indication of pregnancy in sheep is the failure to return to oestrus at the
expected time. Confirmation of pregnancy could possibly be obtained from progesterone
estimates in blood samples collected 16-18 days after mating. However, the methods employed
in the current investigation were able to detect, at 24 h after mating, those sheep which became
and remained pregnant. Two sheep were considered to be non-pregnant since they returned to
service 19 days after mating. At the time of return to service, the rosette inhibition titres were
within the range for the negative controls and those known to be non-pregnant. However, one of
these sheep had had high levels of the 'early pregnancy factor' present for at least 6 days after
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mating, and it is suggested that these observations may represent the serological detection of
natural embryonic death before Day 11 of pregnancy. A similar occurrence has been reported
for women (Morton et ai, 1977), and surgical removal of embryos in sheep is known to result in
the disappearance of the early pregnancy factor within 8-24 h (C. D. Nancarrow, B. M. Evison
& R. J. Scaramuzzi, unpublished observations).

In this study the rosette inhibition test, described originally as a measure of the potential
immunosuppressive properties of antilymphocyte serum, has been used to detect the appearance
of a factor in serum which can modify the ability of lymphocytes to form rosettes with human
RBCs. This enhanced inhibition of rosette formation has been interpreted as indicating the
presence of an 'early pregnancy factor' which may have immunosuppressive qualities, as
demonstrated in mice and women (Morton et al., 1974, 1976a, 1977). It is therefore possible that
a similar mechanism might operate in all mammals and that this process may be responsible in
part for the maternal acceptance of the antigenically alien fetus.

The nature of the factor responsible is not yet clear, although that in the mouse can be heat-
inactivated at 72°C but not at 56°C and is not dialysable (Morton et al., 1976a), suggesting that
it is a large peptide or protein. The early pregnancy factor is not species specific; it can be
detected in sheep serum by mouse spleen cells. However, there is interference in the rosette
formation by the sheep serum proteins, causing increased rosetting and masking inhibition (H.
Morton, unpublished observations).

>In women, other circulating proteins associated with later pregnancy have been shown to beimmunosuppressive. Pregnancy-associated a-macroglobulin/a2-glycoprotein (Stimson &
Eubank-Scott, 1972; Von Schoultz & Stigbrand, 1973) and a-fetoprotein (Yachin, 1976) reach
peak concentrations in mid-pregnancy, while human chorionic gonadotrophin can first be
detected around 7 days after fertilization (Saxena, Hasan, Haour & Schmidt-Gollwitzer, 1974).
In early gestation in the sheep, it has been suggested that proteins such as ovine chorionic
somatomammotrophin may have luteotrophic and possibly growth stimulatory effects (Martal
& Djiane, 1977), but none of these proteins has been investigated for possible immuno¬
suppressive activity. Maximum suppression of rosette formation is achieved in the mouse and
sheep within 48 h of mating, suggesting that the 'early pregnancy factor' is a separate entity from
those proteins associated with mid- and late gestation.

The data presented here suggest that, in sheep as in mice and man, a factor is released into
the maternal circulation soon after fertilization and is not due to ovulation, to an unspecified
reaction of the ewe to mating or to the presence of spermatozoa in the female reproductive tract
because the salpingectomized ewes also experienced these events. It is postulated that this factor
may act by modifying lymphocyte activity in order to protect the fertilized ovum from rejection
by the maternal tissues.

These preliminary studies suggest that the rosette inhibition test may provide a precise
indication of both fertilization and continued pregnancy in the sheep.

The technical help of Mr K. E. Turnbull and Mr D. Norton is gratefully acknowledged. The
Cloprostenol was a gift from IC1 Australia Ltd.
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Early pregnancy
factor is immunosuppressive
Immunosuppression during pregnancy has important
consequences not only with respect to the recognition of the
antigenically dissimilar embryo1 but also in terms of suscep¬
tibility to viral or tumour assaults2,3. We have recently described
an early pregnancy factor (EPF) detectable within 24 h of
mating and have postulated that this protein is responsible for
depression of lymphocyte activity during pregnancy4-6.
Immunosuppressive properties have been attributed to other
proteins detectable during pregnancy. These include pregnancy-
associated macroglobulin7-8 a-fetoprotein9 and human
chorionic gonadotropin (HCG)10,11. One characteristic these
substances have in common, but in which they differ from EPF,
is that they are not present, or not detectable, in the early stages
of pregnancy. Recently the immunosuppressive activity of HCG
has been disputed by several workers working with highly
purified material12,13. We have now shown that EPF inhibits the
expression of an immune response in vivo.
After fertile matings, EPF has been detected on the lympho¬

cytes and in the serum of mice, humans and sheep within 6-24 h
and has been shown to be present for approximately the first two
trimesters of pregnancy4-6; EPF activity was not detected after
sterile matings in any of the three species (refs 4, 6, B.Fitz-
Gerald, personal communication). This substance was found in
serum in two different forms, one of apparent molecular weight
200,000-240,000 detectable from 6 h after mating, and the
other, —50,000 MW detectable from 6 d after mating14.
The rosette inhibition test has been used as the assay method

for the detection of EPF. This test was originally used to assess
the immunosuppressive activity of anti-lymphocyte serum
(ALS)15,16 and the results showed that the rosette inhibition titre

Table 2 Suppression of adoptive transfer of contact sensitivity by EPF

Expt
1

3a

3b

Cells
transferred*

None
80 x 106
80 x 106
80x10"
None
160x10"
160x10"
160x10"
None
100x10"
100x10"

100x10"
None
130 x 10"
130x10"
130x 10"
None
80x10"
80x10"
80x10"

Cells
preincubated

with*

Control I
EPF I

Control II
EPF II

Control Ilia

EPF Ilia

Control Illb
EPF Illb

Control IV
EPF IV

No. of

recipient
mice
6
5
5
5
6
3
6
6
5
5
5

5
4
5
5
5
6
5
4
5

P<0.02
P<0.05

Skin test?
24 h ear swelling
±s.d. (cm x 10 3)

4.3± 1.0
9.4±3.5
6.1 ±1.4
4.1 ±2.3
3.2 ±1.3
7.3±2.8

P<0 01 [7 9*2-6r u,u L4 5 ±1.8
4.1 ± 1.7-1
,3±2.0

4
P<0.05
P<0.01

NS
P<0.01

NS
P<0.01

E8.3±2.0-6.6 ±1.4

4.1 ± 1.8-
5.4± 1.6-j
r8.9±3.4H
r9.6±2.6
L5.8±1.9J
4.3 ± l.O-i

r9.4±3.5-|
[-7.5 ± 2.4L/i ft j. i ft J

P< 0.001

PcO.001

P< 0.001

P<0.02

P< 0.001

P-C0.001

PC0.02

PcO.Ol

P<0.001

PcO.001

* Axillary and inguinal lymph node cells taken from CBA mice 4 d after skin
painting with 7 mg TNCB in 0.1 ml acetone19 were washed three times in culture
medium and preincubated at 50 x 10" cells ml ' in reaction mixture as indicated.
t Experiment 1: cells were incubated at 37 °C for 60 min in Eagle's basal

medium containing 10% fetal calf serum (Commonwealth Serum Labs) and 50%
control I or EPF I (Table 1). Cells were washed twice in culture medium,
suspended in saline and injected intraperitoneally (0.2 ml) into the recipients
(CBA mice). Experiment 2: as above, but reaction mixture contained 20% of
control II or EPF II (Table 1). Experiments 3a and 3b: as above, but reaction
mixture contained 20% of control Ilia, EPF Ilia, control Illb or EPF Illb (Table
1). Experiment 4: as above, but reaction mixture contained 20% of control IV or
EPF IV (Table 1).
t Within 1 h of cell transfer, both ears of control and recipient mice were

measured using an engineer's micrometer (Mitutoyo) and painted with 10 til of a
1 % solution of TNCB in acetone. After 24 h the ear thickness was again measured
and ear swelling determined by subtraction.

Table 1 Preparation of serum and serum fractions containing EPF

EPF III
EPF I EPF II DEAE- EPF IV

Source Whole Serum Sephadex Serum
serum fraction treated serum fraction

(24 h) (24 h) (24 h) (1-2 mth)

Approximate MW 240,000 240,000 50,000 50,000
Rosette inhibition
titre 28 24 (a)24 (b)22 26

EPF I, pregnant sheep serum, taken 24 h after mating, was inactivated
at 56 °C for 30 min, and the rosette inhibition titre (RIT) determined by
the method described previously16. Serum taken from a nonpregnant
ewe was similarly treated (control I). EPF II, pregnant sheep serum, as
above, was fractionated on an Ultrogel AcA34 (LKB) column14 and
tested for EPF activity by the RIT. The fractions that contained the EPF
activity in the region of MW 240,000 were pooled, dialysed against
Hank's balanced salt solution (HBSS) and concentrated to l/5th of the
original serum volume. The RIT of the preparation was determined
before use. Nonpregnant ewe serum was similarly processed (control II).
EPF Ilia and EPF Illb, serum was collected from two pregnant ewes,
24 h after mating. Thirty ml of each were partially purified with DEAE-
Sephadex A50 (Pharmacia), which removed the macroglobulin and
albumin fractions of the serum proteins, then dialysed against HBSS and
concentrated to 1 /5th of the original serum volume. Before use, the RIT
of these preparations was estimated and they were fractionated to
determine the MW of the EPF activity14. Serum from two nonpregnant
ewes was similarly treated (control Ilia and Illb). EPF IV, serum was
collected from pregnant sheep 1-2 months after mating and applied to
an Ultrogel column. The fractions, MW —50,000, which had EPF
activity, were pooled, dialysed against HBSS and concentrated to l/5th
of the original serum volume. Control IV was nonpregnant ewe serum
run in parallel.
* The rosette inhibition titre (RIT) is expressed as the logarithm (base

2) of the reciprocal x 10-3 of the highest dilution of anti-lymphocyte
serum (ALS) to inhibit the rosette formation to 75% or less than that of
control test (cells in HBSS alone). RIT obtained using serum from
' on-pregnant sheep: mean = 9.8, s.e.m. = 0.3, n = 20.

(RIT) of each serum did not vary significantly using lymphocytes
from different normal donors. If the lymphocytes were from
pregnant donors, or had been incubated in serum from pregnant
donors, the RIT of the ALS was significantly increased4-6. This
was a novel use of the rosette inhibition test and, on the basis of
the ALS-sparing properties of EPF, we proposed that EPF is
immunosuppressive. The use of an in vivo test, however, would
clearly establish this point. We have now used the technique of
adoptive transfer of contact sensitivity to trinitrochlorobenzene
(TNCB) by lymphoid cells from sensitised mice17,18. Lymph
node cells, taken 4 d after sensitising mice with TNCB, were
incubated with EPF preparations from pregnant sheep (Table
1), before injection of these cells into naive syngeneic mice. Skin
tests for delayed-type hypersensitivity were immediately per¬
formed on the recipients19.
Serum or serum fractions having EPF activity (Table 1)

suppressed the adoptive transfer of contact sensitivity (Table 2).
When TNCB-sensitised lymph node cells were incubated with
24-h pregnant sheep serum (EPF I, Table 1), the ability of these
cells to transfer TNCB sensitivity was completely abolished
(Table 2, experiment 1). Partial suppression of activity was
observed when cells were preincubated with normal sheep
serum, but significant transfer of activity was still achieved.
Preincubation with the high MW fraction (EPF II, Table 1) also
abolished transfer of TNCB sensitivity, whereas the use of the
corresponding non-pregnant sheep serum fraction (control II)
had no effect (Table 2, experiment 2). Two preparations of the
low MW fraction prepared from 24-h pregnant sheep serum
(EPF Ilia and EPF Illb, Table 1) completely suppressed adop¬
tive transfer, compared with normal serum controls. Although
one of these controls (control Ilia) gave a slight decrease in
reaction, there was still a significant transfer of sensitivity.
Control Illb gave a result not significantly different from that
obtained with the cells incubated in medium alone (Table 2,
experiment 3). A preparation of the low MW fraction obtained



from the serum of 1-2-month pregnant sheep (EPF IV, Table 1)
completely abolished adoptive transfer, whereas the cor¬
responding fraction from normal serum (control IV) had no
significant effect (Table 2, experiment 4).
In these experiments we have shown that EPF inhibits the

expression of an immune response in vivo; the suppressive effect
demonstrated was not species specific as sheep EPF inhibited
the activity of mouse lymphocytes. Previously EPF activity had
been detected using the rosette inhibition test and, although this
test had proved convenient and very accurate, its role as a
measure of immunological function was still debatable. The
demonstration that EPF can completely suppress the adoptive
transfer of contact sensitivity, well established as an immunolo¬
gical process, clearly indicates that EPF is immunosuppressive in
vivo. The indirect technique of adoptive transfer was used, as
preliminary experiments involving the injection of sheep EPF
directly into mice, both before and after sensitisation, indicated
that immunosuppression was partially obscured by the effect of
heterologous protein.
Adoptive transfer of contact sensitivity and inhibition of

rosette formation are both T-cell dependent16,17. As EPF affects
both of these reactions, its primary function in protecting the
fetus may be directed towards a depression of T-cell activity in
the maternal system. We may speculate that EPF might protect
the mother from immunological attack by the fetus. EPF has
been detected in the fetal tissues (H.M. et al., unpublished
observations), which suggests another possible role for EPF,
namely in the regulation of the development of the fetal immune
system. The mechanism of action of EPF is still far from clear; its
action is obviously not antigen specific and not even species
specific. Whether it is suppressive by simply coating lymphocyte
surfaces and preventing antigen presentation, or by a more
active method, is yet to be established.
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The mouse, 24 h after mating, has been used as an experimental model to determine the site of
production of early pregnancy factor (EPF). Results have shown that EPF is formed as two separate
components, which appear similar to component A and component B formed after dissociation of
EPF by 40% ammonium sulphate. Component A is produced by the oviduct during oestrus and preg¬
nancy. It is present in serum during oestrus in an inactive form, that is, not capable of binding with
lymphocytes. Component B can be produced in culture from the ovaries of 24-h pregnant mice.
Incubation experiments described in this paper show that the production of component B can also be
initiated from non-pregnant mouse ovaries, during oestrus or dioestrus, in the presence of both
fertilised ovum and non-pregnancy pituitary but not in the presence of fertilised ovum alone. The
pituitary from a 24-h pregnant mouse alone can also stimulate the production of component B from
oestrous or dioestrous mice.

To summarize, component A is derived from the oviduct and.is oestrus-dependent. Component B,
the pregnancy-dependent component of EPF, is produced by the ovary; its production can be initiated
from non-pregnancy ovaries by the fertilised ovum in cooperation with the pituitary.

INTRODUCTION

Early Pregnancy Factor (EPF) can be detected initially in the serum of mice, humans
and sheep within the first 24 h after fertilisation (Morton et al., 1976, 1977, 1979),
indicating that its production at this stage is not dependent on the presence of tissues of
the placenta or of the foetus. This previous work has demonstrated that the development
of EPF is not initiated by the act of mating or the presence of sperm or semen in the
reproductive tract; the conditions necessary for the production of EPF are that the ani¬
mal has ovulated and that the ovum has been fertilised.

In mice, EPF has been detected from 6 h after mating, that is, before the fusion of the
male and female pronuclei completes fertilisation and cell division commences. Levinson
et al. (1978) have shown that from the single fertilised cell stage there are numerous
stage-specific polypeptides synthesised during murine pre-implantation development and
several groups have found specific functions for embryo-derived substances. Kent (1975)
described a polypeptide from the 2- to 4-cell ova of the hamster which prevents further

* Present address: University of Melbourne, Royal Melbourne Hospital, Parkville, Vic., Australia.



74

ovulation of the pregnant animal. Godkin et al. (1978) and Martal et al. (1979) have
described a substance produced by the sheep embryo which directly stimulates progester¬
one synthesis and contributes to the maintenance of pregnancy; the presence of a similar
substance in rabbits has been suggested by Channing et al. (1978) and in humans by
Yoshimi et al. (1969). Channing and his group have compared the substance they
identified with hCG but Sundaram et al. (1975), using a bioassay, found no hCG-like
activity in the blastocyst of the rabbit between 4 and 7 days gestation. These substances
originating from the embryo are thought to act directly on the tissues of the ovary.

Although the production of EPF is dependent on the presence of a fertilised ovum,
it seemed unlikely that this would be the source of production; more probably the
embryo acts as a stimulus to produce EPF from some other source. In this investigation
the mouse was used as the experimental model to determine the site of EPF production.
The different phases of oestrus in the mouse can readily be identified by vaginal smears
and the formation of a vaginal plug allows for fairly precise timing of mating and subse¬
quent fertilisation (Rugh, 1968). This precise timing in the mouse, compared with that
in humans and sheep, allows for correlation of the formation of regulatory substances
with the established data on hormonal events associated with various stages of pregnancy.

METHODS

Outbred Quackenbush mice, aged 8—16 wk, were used in this study.

Stages of oestrus
In the experiments involving oestrous and dioestrous mice, the stage of oestrus was

determined by vaginal smear (Rugh, 1968).

Mating schedule
Groups of three virgin females and one male were caged together between 8.30 and

9.30 a.m. and those females showing vaginal plugs as evidence of mating were segregated.
After 24 h, unless otherwise stated, the mated female mice were anaesthetized with ether,
exsanguinated by cardiac puncture and the tissues required for experiment removed.
Dissection was done under sterile conditions.

Tissue samples
Serum. Serum was collected from the blood sample obtained by cardiac puncture,

heat inactivated and frozen. Serum from each mated female mouse was tested for the

presence of EPF.
Ovary and oviduct. The ovaries and oviducts were removed into Hank's balanced salt

solution (BSS; C.S.L. Australia). In some experiments the oviduct was incubated with the
fertilised ova in situ (oviduct + ova); in other experiments the fertilised ova were flushed
from the oviduct before incubation.

Fertilised ova. Ova were flushed from the oviducts of mice with Ovum Flushing
Medium (Flow Laboratories) using a syringe fitted with a 30 gauge needle. The ova were
examined to establish the stage of division (Rugh, 1968), then transferred with a Pasteur
pipette to an incubation chamber. From 3 to 7 ova were incubated in each experiment.
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Uterus. A section (3—5 mm) of uterus, adjacent to the oviduct, was removed from a
24 h pregnant mouse. This section was placed in BSS in an incubation chamber.

Pituitary gland. The pituitary was removed from the mouse and placed whole in an
incubation chamber.

Incubation protocol
Tissues needed for the particular experiment were placed in a dialysis bag containing

0.5 ml BSS or, in the experiments involving fertilised ova, Ovum Flushing Medium. The
bag was sealed, placed in a tube containing 10 ml BSS (to remove the products of
metabolism) and incubated at 37°C for 24 h. After incubation, the material from inside
the dialysis bag was removed, centrifuged and either frozen prior to testing or added to
the next incubation stage of the experiment.

Assay ofEPF
EPF in mouse serum and incubation medium was assayed by the rosette inhibition test

using non-pregnant mouse spleen cells and rabbit anti-mouse lymphocyte serum (ALS)
(Morton et ah, 1976). Results of this test were recorded as the rosette inhibition titre
(RIT); this titre is the reciprocal of the highest dilution of ALS in which the number of
rosettes formed was less than 75% of the control value. The RIT was expressed as the
logarithm (to base 2) of the reciprocal dilution of ALS X 10~3. The RIT obtained with
spleen cells after incubation in non-pregnant mouse serum (or BSS) was 10—14. An RIT
greater than 14 was positive evidence of the presence of EPF.

Components A and B of EPF were prepared from 24-h pregnant mouse serum by
differential precipitation with 40% ammonium sulphate. To test for the presence of EPF
components in medium from the incubation experiments, 0.1 ml of medium was added
to 0.1 ml component A (40% ammonium sulphate supernatant) or 0.1 ml component B
(40% ammonium sulphate precipitate), the mixture incubated at 37°C for 0.5 h, then
tested for EPF (Morton et al., 1976).

RESULTS

RIT with control non-pregnant mouse spleen cells

The RIT of the ALS with non-pregnant mouse spleen cells was estimated. In a group
of 16 mice, the mean RIT was 10.9, S.E. 0.4. RIT results obtained from the following
experiments were assessed on the significance of their variation from this value.

In vitro incubation ofovary, ova and oviduct

The ovary and oviduct + ova were removed from 24-h pregnant mice and incubated as
described in Methods. The organs from the left side of the mouse were incubated together
and those from the right side of the mouse were incubated separately. After incubation,
the three samples of medium obtained from each mouse experiment were tested for EPF.
There was no change in the RIT with non-pregnant mouse spleen cells after incubation in
the medium from the ovary alone or the oviduct + ova alone. However, when these two
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Fig. 1. The RIT with medium from incubation of 24-h pregnancy ovary and oviduct + ova incubated
separately and together. The media from separate incubation of ovary and oviduct + ova were
recombined and tested. The RIT with serum from these mice is also shown. An RIT above 14 indi¬
cated the presence of EPF; oviduct + ova indicates oviduct containing fertilised ova.

Fig. 2. The RIT with media from incubation of the ovary, ova and oviduct of 24 h pregnant mice,
incubated separately and together. The RIT with serum from these mice is also shown. An RIT above
14 indicated the presence of EPF.

organs were incubated together and the medium tested, EPF was detected (Fig. 1), the
mean RIT with these samples being significantly different (n = 13, P< 0.001) from the
control value. EPF was detected in serum from these pregnant mice (Fig. 1; n= 13,
R<0.001).

These results suggest two possibilities for the production of EPF. Firstly, EPF could be
produced as two components, one from the oviduct + ova and one from the ovary;

secondly, EPF could be produced from either the ovary or the oviduct + ova in response
to a stimulation from the other organ. To clarify this point, medium from the separate
incubations of pregnancy ovary and pregnancy oviduct + ova were mixed after incuba¬
tion, incubated for a further 0.5 h at 37°C and then tested for EPF. An increased RIT
was obtained with normal spleen cells after incubation in this recombinant (Fig. 1; n = 6,
P< 0.001), similar to the results obtained after testing the medium from the ovary and
the oviduct + ova incubated together. These results suggest that two components are
present, one from the ovary and one from the oviduct + ova, which can combine in vitro
to form EPF.

Fertilised ova were flushed from the oviducts of 24-h pregnant mice to determine
whether the ovum, the oviduct or both were involved in the production of EPF. These
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fertilised ova from 24-h pregnant mice were at the one or two cell stage of division (Rugh,
1968). In some experiments, the ova were examined after 24 h incubation in Ovum
Flushing Medium; ova were seen at the 2-cell, 4-cell and 8-cell stages. Medium from the
ovary, ova or flushed oviduct, incubated alone, gave no EPF activity, neither did that
from the ova incubated with the ovary. However, the ovary incubated with the oviduct
did produce EPF, the mean RIT being significantly increased above that of the non¬
pregnant group (Fig. 2; n = 6,P< 0.001).

Similar experiments were performed using the ovaries and oviducts from oestrous and
dioestrous mice. The results showed no increase in RIT with medium from the incubation
of ovaries and oviducts, separately or together. These was no increase in RIT obtained
when testing the serum from these mice.

Incubation medium tested with components A and B

The medium, collected from the separate incubations of the ovary and oviduct + ova,
were tested to determine if they would combine in vitro with EPF components A or B to
give EPF activity. Components A and B were each mixed with medium collected after the
separate incubations of ovary and Oviduct + ova obtained from 24-h pregnant, oestrous
and dioestrous mice. The serum from oestrous and dioestrous mice was also tested with

components A and B.
In testing samples from 6 pregnant mice, the recombinant of medium from the ovary

A B A B

Fig. 3. The RIT with medium from incubation of ovary and oviduct + ova of 24-h pregnant mice
combined with either component A or component B. An RIT above 14 indicated the presence of EPF;
oviduct + ova indicates oviduct containing fertilised ova.
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with component B and medium from the oviduct + ova with component A gave no
increase in RIT; by comparison, the recombinant of ovary medium with component A
and of oviduct + ova medium with component B both gave a significant increase in RIT
(Fig. 3; P < 0.001). The medium obtained from the incubation of a section of uterus was
tested for the presence of a component A-like substance by the addition of component B;
no EPF was detected in this recombinant.

The medium from the oestrous ovary gave no increase in activity after the addition of
component A or component B. The medium from the oestrous oviduct gave no increase
in activity after the addition of component A but did give a significant increase after the
addition of component B (mean RIT 23.3, S.E. 1.2, n = 6, P< 0.001). Activity was not
detected in oestrous serum after the addition of component A but was detected after the
addition of component B (mean RIT 19.6, S.E. 1.0, n = 6,P < 0.001).

Component A separated from sheep serum EPF by ammonium sulphate will combine
with lymphocytes in the absence of component B (unpublished observations). As the sub¬
stance produced from the oviduct during oestrus resembles component A, this substance
was tested for its ability to combine with lymphocytes. Lymphocytes were incubated
with medium from oestrous oviduct, or oestrous serum, then washed before the addition
of component B. No EPF activity was detected on the lymphocytes, the RIT not being
significantly different from that of the control cells. After the addition of components A
or B- to the medium from the incubation of dioestrous mouse organs or to dioestrous
serum, there was no EPF activity observed.

The conclusions drawn from these experiments were that the oviduct, during oestrus
and pregnancy, produced a substance similar in reaction to component A and that the
ovary, only during pregnancy, produced a substance similar to component B. However,
the component A produced during oestrus appeared to exist in an inactive form as it
would not adhere to lymphocytes in the absence of component B.

Incubation offertilised ova with oestrous ovary

Oestrous ovaries were incubated with fertilised ova in vitro to determine whether the

presence of the fertilised ova could initiate the production of the pregnancy-dependent
component of EPF. No EPF was detected after addition of component A to the incuba¬
tion medium, the RIT in all 6 experiments not being significantly different from the
control value.

Incubation ofpituitary (24 h pregnant) with oestrous or dioestrous ovary

Similar experiments to those described above were set up using pituitaries from 24-h
pregnant mice incubated with the ovaries from oestrous or dioestrous mice. After incuba¬
tion, component A was added to the medium, which was then tested for EPF. In this
case, the production of EPF was stimulated, the RIT with the medium from both
oestrous and dioestrous ovaries being significantly increased (Fig. 4; n = 6; P < 0.001).
There was no activity detected in the control experiments which contained pituitaries
but no ovaries.



79

18

z
o

(/)
o
a:

24 h PREGNANCY PITUITARY

FERTILISED OVA
UNFERTILIZED FERTILISED

24h
PREGNANCY

PITUITARY
OESTROUS
PITUITARY

OESTROUS
PITUITARY

DIOESTROUS
PITUITARY

I
OESTROUS

OVARY
DIOESTROUS

OVARY
BSS

OESTROUS OVARY DIOESTROUS
OVARY

T I
+

COMPONENT ACOMPONENT A

Fig. 4. Medium from incubation of 24-h pregnant mouse pituitary with oestrous or dioestrous ovary
was tested for EPF activity after the addition of component A. The results are expressed as the RIT;
values above 14 indicated the presence of EPF.

Fig. 5. Fertilised ova tested for their ability to stimulate the production of the pregnancy-dependent
component of EPF from non-pregnancy ovary in the presence of pituitary. Pituitaries were taken from
mice during pregnancy, oestrus and dioestrus; ovaries were taken during oestrus and dioestrus. The
control tests were: (1) fertilised ova with oestrous ovary; (ii) unfertilised ova with oestrous pituitary
and ovary. The medium from the incubations was tested for EPF after addition of component A and
the results were expressed as the RIT; values above 14 indicated the presence of EPF.

Incubation of pituitary (non-pregnant) with fertilised ova and oestrous or dioestrous
ovary

The pituitary appears to be involved in the production of EPF. The fertilised ovum,
while unable to stimulate a non-pregnancy ovary directly, may do so in the presence of a
non-pregnancy pituitary. Pituitaries were removed from oestrous and dioestrous mice and
each incubated with fertilised ova from 24-h pregnant mice. Pituitaries from 24-h preg¬
nant mice were used as a positive control. After 24 h, the incubation medium was
removed and incubated for a further 24 h as follows;

(i) Medium from fertilised ova + pregnancy pituitary with oestrous ovary
(ii) Medium from fertilised ova + oestrous pituitary with oestrous ovary
(iii) Medium from fertilised ova + dioestrous pituitary with dioestrous ovary.
The medium obtained from these incubations was tested for the presence of EPF after
the addition of component A. The negative control tests consisted of fertilised ova which
were incubated with oestrous ovary and of unfertilised ova which were incubated with
oestrous pituitary and oestrous ovary.
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EPF was detected using the incubation medium from fertilised ova with (i) 24-h preg¬
nancy pituitary and oestrous ovary, (ii) oestrous pituitary and ovary and (iii) dioestrous
pituitary and ovary; the RIT values obtained after addition of component A to these
samples are shown in Fig. 5 (n = 6, P< 0.001). No activity was detected after incubation
of fertilised ova with oestrous ovary or of unfertilised ova with oestrous pituitary and
oestrous ovary.

DISCUSSION

During oestrus, the oviduct is stimulated to produce a substance, an oestrus-dependent
component of EPF, similar in its reactions to component A separated from 24 h pregnant
mouse serum. The putative component A, present in serum during oestrus and produced
by the pregnancy oviduct in culture, combines with component B as does the component
A separated from 24-h pregnant mouse serum by ammonium sulphate. Until the structure
of the substances produced by different methods is determined biochemically, it will not
be known whether or not they are identical; however, on the basis of their reaction with
component B to produce EPF activity, they have all been designated component A.
Component A is the unit of EPF which combines with lymphocytes. However, compo¬
nent A, detected in serum during oestrus, appears to be in an inactive form and will not
combine with lymphocytes unless in the presence of component B.

The production of component A by the oviduct is probably controlled by hormones
associated with the oestrous cycle. It has been noted that in cycling animals the rapid
upsurge in secretion of oviductal fluid occurs during oestrus and metoestrus (Perkins,
1974). Mastroianni (1970) has shown in the monkey that following ovulation a new

protein occurred immediately in oviductal fluid and remained for at least 5 days; this
protein was absent when ovulation did not occur. The necessity of a high-molecular-
weight component of oviductal fluid for development through the blastocyst stage has
been suggested by the work of Cole and Paul (1965) and Gwatkin (1966). A comparison
could be made between this protein and component A, also a high-molecular-weight
protein, which is detected during oestrus and may indicate that EPF is necessary for the
normal development of the blastocyst. It seems unlikely that component A is the same
substance as blastokinin (Beier, 1968), otherwise called utero-globulin (Daniel, 1968),
which is a glycoprotein of M.W. 25 000 produced in the rabbit from uterine tissue 2 days
post-coitum. Although the molecular weight of this substance is similar to that of compo¬
nent A (unpublished observations), the kinetics differ as blastokinin is first detected
2 days after mating; component A was not detected in the medium from the cultured
uterine tissue taken from the mouse 24 h after mating.

Component B, produced in culture from 24-h pregnancy ovary, is initiated by the
presence of a fertilised ovum as there is no detectable EPF present in pseudopregnant
mice (Morton et al., 1976). Incubation experiments described here have shown that a
stimulation from the fertilised ovum cannot directly initiate production of component B
from either oestrous or dioestrous ovaries but that stimulation can occur in cooperation
with the pituitary. Once stimulated the pituitary will initiate the production of compo¬
nent B from oestrous or dioestrous ovaries in culture. This pathway differs from that
proposed by Godkin et al. (1978) for the maintenance of the corpus luteum of early
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pregnancy; their proposal involves a direct stimulation of the luteal cells from the pre-

implantation embryo.
Follicle stimulating hormone, luteinizing hormone and prolactin are produced by the

pituitary and control the secretion of oestrogen and progesterone. A cooperative action
seems to exist between these hormones as prolactin and luteinizing hormone, in combina¬
tion, do not initiate implantation in hypophysectomized mice, although either can do so
when administered with follicle-stimulating hormone (Gidley-Baird and Emmens, 1978).
The mode of action of the factor from the fertilised ovum could thus be either to initiate
the production by the pituitary of an ovary-stimulating factor or to work in cooperation
with one or more of the known pituitary hormones. Hypophysectomised women and ani¬
mals can be induced to ovulate by the administration of purified pituitary gonado-
trophins with hCG and pregnant mare's serum gonadotrophin (Marshall et al., 1973) and
the resulting ova to be fertilised. This would appear to favour the theory of a cooperative
action between the factor produced by the fertilised ovum and known pituitary
hormones. However, two circumstances must be taken into consideration, the first that
removal of the pituitary in humans is very often incomplete and the second that there is a

possibility of an unidentified impurity being present in the administered hormones.
In summary, component A appears to be produced by the oviduct during oestrus and

early pregnancy. It is present in the serum in an inactive form, that is, not capable of
reacting with lymphocytes. Component B, the pregnancy-dependent component of EPF,
has been produced in culture from non-pregnant mouse ovaries in the presence of
fertilised ova and non-pregnant mouse pituitary. The factor produced from the fertilised
ovum may stimulate the production of component B from the ovary either by means of
a second factor produced by the pituitary or by synergism with the known pituitary hor¬
mones. A substartce^ias not previously been described which is produced as soon after
fertilisation and which is directly involved with the pituitary; this ovum factor may be the
initial embryonic signal in the maternal recognition of pregnancy.
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TUMOUR IMMUNOLOGY

My interests in transplantation and pregnancy immunology and my

ro/e as a general surgeon with an interest in malignant disease led

naturally to the field of tumour immunology. / undertook a series of

studies into the role of humoral blocking factors and their role in diagnosis

(73) and in particular the possibility of reducing blocking factor levels by

thoracic duct drainage in an attempt to control tumour growth (72,75).

During a period of study leave in Edinburgh in 1973, / worked with
Sir Michael Woodruff and Professor Keith James in studies of the effect

of Corynebacterium parvum on tumour growth in patients with advanced

malignancies (76,77) and extended these observations on my return to

Queensland in randomised controlled clinical trials of Corynebacterium

parvum in patients receiving chemotherapy for advanced melanoma or

colorectal cancer (78,79,80,81). These trials, in common with others

using different doses and routes of administration for Corynebacterium

parvum showed no benefit from the addition of immunotherapy to

standard chemotherapy.

My interests in the effects of blood transfusion on the outcome of

allografts stimulated my interest in the effects of blood transfusion on

tumour growth. With Associate Professor David Francis / have carried

out animal studies in a mouse transplantable tumour model which has

established in this model that transfusion does enhance tumour growth

•by a mechanism involving cell-mediated responses (82).
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This formed one of the studies my group undertook with Professor

William Halliday, the proponent - with the Hellstroms - of the role of

■blocking factor fBFJ in tumour growth. We were able to demonstrate the

oresence of BP in lymph in tumour bearing mice and humans and to show

that depletion of BF by thoracic duct drainage inhibited the growth of

■transplantable tumours in mice.
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CONTROL OF TUMOR GROWTH IN MICE
BY THORACIC DUCT DRAINAGE:

RELATIONSHIP TO BLOCKING FACTOR IN LYMPH

by

Frances P. Noonan, M. A. H. Gardner, G. J. A. Clunie,
W. H. Isbister and W. J. Halliday

Departments ofSurgery and Microbiology,
University of Queensland, Brisbane, Australia

Tumor-specific blocking factors were detected by the macrophage migration
inhibition technique, in thoracic duct lymph collected 24 to 48 h after transplantation of
two methylcholanthrene-induced tumors into mice. Drainage of lymph in this period,
with replacement of the cells, inhibited subsequent tumor growth. Blocking factor was
not found in lymph from mice with a third tumor, when examined at the same stage,
and thoracic duct drainage did not affect tumor growth in this instance. The results
indicate that blocking factor has a function in vivo and that decreasing its concentration
in a tumor-bearing host at a critical stage can suppress tumor growth.

Blocking factor (BF) is a substance present in
the serum of tumor-bearing experimental animals
(Hellstrom et al., 1970; Halliday, 1972) and of
human cancer patients (Hellstrom et al., 1971;
Halliday et al., 1974a; Maluish and Halliday,
1974). It specifically abrogates the in vitro reaction
of lymphocytes from these individuals to tumor-
specific antigens. Evidence has been presented
(Sjogren et al., 1971) that BF may be a complex
of tumor antigen and antibody. BF can be detec¬
ted by a number of in vitro tests for cell-mediated
immunity such as lymphocyte microcytotoxicity
(Hellstrom and Hellstrom, 1971), macrophage
migration inhibition (MMI) (Halliday, 1972;
Rees and Potter, 1973) or leukocyte adherence
inhibition (LAI) (Halliday et a!., 19746); however
there is controversy about its role in vivo. One
method of providing direct evidence for the
function of BF in vivo may be to deplete an
animal of BF and to determine the effect on

tumor growth. As BF is known to occur in the
blood it would be expected to circulate in lymph;
a possible method of depleting a tumor-bearing

Received: January 8, 1974.

animal of BF is therefore by drainage of thoracic
duct lymph (Hellstrom and Hellstrom, 1970).
Thoracic duct cannulations have been carried

out on rats bearing methylcholanthrene-induced
sarcomas (Proctor et al., 1973; Thomson et al.,
1973). Following drainage of lymph, an increase
in lung metastases was found in rats bearing
sarcomas on the leg. This effect persisted when
thoracic duct lymphocytes but not lymph were
returned to the animal. It was concluded that a

factor was present in serum and lymph of tumor-
bearing rats which actively prevented metastases.
These results are difficult to reconcile with the

concept that removal of BF should discourage
the growth and spread of tumors.
In another study (Rose, 1973), regression of

murine sarcoma virus-induced tumors in splenec-
tomized rats was observed following drainage of
thoracic duct lymph and return of lymphocytes
to the rats.

The aims of the present investigation were
three-fold: first, to establish the presence of BF

640
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in thoracic duct lymph of tumor-bearing mice;
secondly, to drain thoracic duct lymph from these
mice and observe the effect on tumor growth;
and thirdly, to attempt to correlate any resulting
effect with the removal of BF.

MATERIAL AND METHODS

Tumors and mice

Inbred CBA mice, 6 to 12 weeks old, were used
for all experiments. Mice of one sex only were
used in each experiment. Tumors were induced
by injecting 1 mg of methylcholanthrene in olive
oil subcutaneously. The tumors were trans¬
planted 6 to 12 weeks later as suspensions of live
tumor cells prepared either by screening through
a cell sieve or by gentle trypsinization (0.05%
trypsin in versene buffer). Three tumors (desig¬
nated C, E and J) were used in these experiments.
Tumors J and E were in their 20th to 40th passage
and tumor C was in its 5th to 10th passage. Mice
were inoculated with 1 X 10° cells of tumor J or E,
or 5 X 106 cells of tumor C subcutaneously in the
flank. Tumor growth was assessed by measuring
two diameters of the tumor and calculating tumor
volume, assuming the tumor to be an ellipsoid
rotational about the smaller axis. Tumors were

also weighed individually after excision. Tumors
J and C produced a I - to 2-g tumor mass 14 days
after transplantation; tumor E produced a tumor
of comparable size 20 days after transplantation.

Thoracic duct cannulation

The method of Boak and Woodruff (1965) was
used. Cream was given by intra-gastric tube
45 min prior to cannulation to make the duct
easily visible (Mitchell and Miller, 1968). The
cannula was held in place by isobutyl-2-cyano-
acrylate glue.
Mice were restrained in modified Bollman

cages. Lymph was collected in plastic tubes con¬

taining 1 ml of Dulbecco's phosphate buffer and
50 IU of preservative-free heparin. The tubes were
suspended in ice and water in a vacuum flask.
Hydration of draining mice was maintained by
frequent subcutaneous injections of 0.5 ml saline
containing 5 IU heparin per ml. Glucose (10% in
saline) and standard mouse pellet were given ad
libitum. Free lymph flow was maintained where
possible by removing clots with a horsehair.
Lymph flow varied from less than I ml per 24 h
to 15 ml per 24 h.

Thoracic duct lymphocytes were removed from
lymph by centrifugation (600 x^- for 7 min) and
washed three times in Eagle's basal medium con¬

taining 10% fetal calf serum. They were returned
to the mouse by intraperitoneal (IP) injection,
suspended in either lymph from normal mice or
Dulbecco's phosphate buffer, within 30 min of
final lymph collection.
Lymph samples were centrifuged at 14,000 Xg

for 1 h to remove fat.

Macrophage migration inhibition

The method of George and Vaughan (1962), as
modified by Halliday (1972) was used. Peritoneal
exudates were produced by IP injection of 1.5 ml
of sterile paraffin oil into mice which had had
a tumor surgically removed more than 3 weeks
previously. The peritoneal cells (PC) were
collected 3 days later into warmed Hank's
balanced salt solution containing 5 IU of preser¬
vative-free heparin per ml. Cells were washed
three times in Eagle's basal medium containing
10% fetal calf serum and suspended to a con¬
centration of 60xl06 cells per ml in Eagle's
basal medium containing 15% fetal calf serum.
The cell suspension was drawn into 20 g\ ca¬

pillaries (Drummond Microcaps Drummond
Scientific Company, Broomall, Pa., USA) and
the ends sealed by stabbing into paraffin wax.
The capillaries were centrifuged at 600 x^ for
7 min, cut with a diamond pencil at the cell-
liquid interface, placed in 35 mmxlO mm tissue
culture dishes (Falcon No. 3001, Falcon Plastics,
Los Angeles, Calif., USA) and held in place by a
daub of silicone grease. Four to six capillaries
were placed in each dish which was then gently
filled with 2 ml of incubation medium and placed
in a 37° C incubator gassed with 5 % C02 in air.
The incubation medium was Eagle's basal
medium, containing 15% fetal calf serum, 10% of
the appropriate antigen extract, and 10% of the
lymph to be tested.
Areas of migration were traced with the aid of

a camera lucida at 20 x magnification after 16 h,
and measured by planimetry. Standard deviations
were calculated, usually of quadruplicate areas.

Comparisons were made only between dishes
containing the same PC and different antigens, as
the migration of PC from different groups of mice,
or from the same mice at different times, was

variable; migrations were compared only between
dishes containing the same lymph samples (with
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test and control antigens) as each lymph exerted
a different degree of non-specific toxicity.

Antigens

Antigen extracts were prepared by homo¬
genizing tumor tissue in 4 vol of phosphate-
buffered saline and centrifuging at 14,000 xg for
30 min. Protein concentrations of the super-
natants were determined by the Folin-Ciocalteau
method and antigen preparations adjusted to the
same protein concentration.

RESULTS

Detection of BF in lymph

Lymph (6.0 ml) and 140xl06 thoracic duct
lymphocytes were collected from a mouse 7 days
after transplantation of tumor J. The lymph was
tested for BF by MMI (Table 1).
The migration of PC sensitized to tumor J in

the presence of J antigen was compared with the
migration in the presence of E antigen used as a
control. An inhibition of 15% by J antigen was
found in the presence of lymph from normal mice;
but in the presence of lymph from the tumor-
bearing mouse this inhibition was abolished. The
blocking effect was specific, as the migration of
PC sensitized to tumor E was still inhibited 39%
in the presence of E antigen and lymph from the
J tumor-bearing mouse.

Thoracic duct drainage of tumor-bearing mice

Groups of 9 to 12 mice were given tumor cells
(see " Material and Methods ") and 24 h later
separated into three groups. The test group
had their thoracic ducts cannulated and were

restrained in cages while the lymph was collected

over a 24-h period, i.e. from 24 to 48 h after
tumor transplantation. There were two control
groups. One group was sham-cannulated and
restrained in cages but no lymph was collected.
The other control group had no treatment. Tumor
growth was measured daily until removal between
14 and 20 days. No difference was observed in
tumor growth in the two control groups.
The effect of lymph drainage on mice bearing

tumor J is illustrated in Figure 1. Drainage of
0.7 ml of lymph from each of two mice did not
affect tumor growth. Removal of 1.1 ml of lymph,
however, markedly depressed the growth rate of
the tumor and its weight at the time of excision
compared with tumors of mice in the control
groups. This effect was repeated in three other
experiments (Table II), removal of at least 1.1 ml
of lymph from J tumor-bearing mice diminishing
tumor growth on each occasion.
Mice inoculated with tumor C likewise had

their lymph drained (Fig. 2). Removal of 0.8 ml
of lymph depressed tumor growth rate only for
the first 10 days of the experiment. Drainage of
2.2 or 2.5 ml of lymph depressed tumor growth
rate for the entire experimental period of 14 days.
Tumor weight at excision was lower, compared
with control tumor weights, in the mouse which
had 2.5 ml of lymph removed. These results and
those of another similar experiment are sum¬
marized in Table III. When at least 1.5 ml of

lymph was removed, tumor weights at excision,
with one exception, were lower compared to the
controls.

In contrast to the findings with mice bearing
tumors J or C, lymph drainage of mice bearing
tumor E did not affect tumor growth (Fig. 3).
Tumor growth rates in two mice draining

TABLE i

BLOCKING FACTOR IN LYMPH OF A MOUSE BEARING A 7-DAY PROGRESSING TUMOR J

PC sensitized to tumor Antigen Lymph Migration area±SD % Inhibition

j E Normal 112.0 ± 8.9
j j Normal 94.6 ±10.9 15.5
j E j 127.2 ±11.9
j j j 131.3 ±13.1 -3.1

E j j 88.5 15.2

E E j 53.8 ±21.8 39.0
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DAYS AFTER GIVING TUMOUR CEILS

Figure 1

Growth of tumor J (first experiment of Table II). • • 0.7 ml of lymph
drained (two individual mice); • • 1.1 ml of lymph drained, period of
drainage shown by hatched area. Shaded area encloses tumor growth curves
of control mice (untreated and shani-cannulated). Thoracic duct lymphocytes
(TDL) returned with normal lymph.

DAYS AFTER GIVING TUMOUR CELLS

Figure 2

Growth of tumor C (first experiment of Table III). • • 0.8 ml of
lymph drained; a a 2.2 ml of lymph drained; • • 2.5 ml of lymph
drained. TDL returned with Dulbecco's phosphate buffer. Other details as
for Figure 1.
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Figure 3

Growth of tumor E (first experiment of Table IV). • • 1.8 ml of
lymph drained; • • 3.6 ml of lymph drained. TDL returned with normal
lymph. Other details as for Figure 1.

TABLE II

EFFECT ON TUMOR WEIGHT OF LYMPH DRAINAGE 24 TO 48 HOURS

AFTER TRANSPLANTATION OF TUMOR J

_. _ Tumor weight of control mice Thoracic duct drained miceTime after
transplantation Combined Lymph Lymph1 Tumorof tumor Untreated Sham-cann. . crv , . ,V . " , « mean ±SD removed No. weight
excision (days)

(g) (g) (g) (ml) (g)

14 3.62 2.35 0.7 4.08
2.25 2.95 0.7 3.30
3.58 ±0.75

1.1 1 0.51

14 0.32 0.59 5.8 2 nil
0.88 1.77 (no tumor
0.87 0.69 0.87 grew)

0.46 ±0.49
1.45

15 2.54 1.20
2.26 1.85 1.82 1.3 3 0.07
1.28 ±0.58 (estimated;

1 g tumor
removed at
31 days)

14 2.80 3.07 2.47 0.8 4.15
2.66 1.34 ±0.77 3.0 4 0.92

1 Lymph from mice whose tumor weights were reduced was assayed for BF (Table V).
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respectively 1.8 and 3.6 ml of lymph fell within
the range found in the control groups. The results
of three such experiments are summarized in
Table IV. Lymph drainage did not in any case
cause a decrease in tumor weight, at excision,
below control tumor weights.

Detection of BF in lymph of mice bearing tumors
J, C or E
All lymph samples collected in the above

experiments were numbered as indicated in
Tables II to IV. The presence of BF was deter¬
mined by the MMI test.

TABLE III

EFFECT ON TUMOR WEIGHT OF LYMPH REMOVAL 24 TO 48 HOURS

AFTER TRANSPLANTATION OF TUMOR C

„ Tumor weight of control mice Thoracic duct drained mice
Time after

transplantation
,, . c. Combined Lymph Lymph1 Tumorof tumor Untreated Sham-cann. mean±SD removed No weight

excision (days)
(g) (g) (g) (ml) (g)

14 1.07 0.57 1.11 0.8 1.08
1.31 1.39 ±0.31 2.2 5 1.07
1.21 2.5 6 0.75

14 1.64 — 1.70 1.5 7 0.50
1.74 1.9 8 1.01

8.5 9 1.26
11.5 10 0.68

1 Lymph No. 5 and No. 6 were assayed for BF (Table VI).

TABLE IV

EFFECT ON TUMOR WEIGHT OF LYMPH REMOVAL 24 TO 48 HOURS

AFTER TRANSPLANTATION OF TUMOR E

„ „ Tumor weight of control mice Thoracic duct drained miceTime after
transplantation

of tumor
excision (days)

Untreated

(g)

Sham-cann.

(g)

Combined
mean ±SD

(g)

Lymph
removed

(ml)

Lymph 1
No.

Tumor
weight

(g)

18 1.87 1.44
1.24 1.72 3.6 11 3.77
2.34 ±0.48 1.8 12 1.76

19 1.76 0.64
1.92 1.58 1.34 2.5 13 1.85
0.91 1.03 ±0.50
2.02 1.47

1.47
0.64

20 1.50 1.58
1.67 0.99 7.75 0.8 14 2.40
3.05 ±0.76

1 Lymph from all mice was assayed for BF (Table VII).
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Table V summarizes the results of BF assay in
lymph from four J tumor-bearing mice. Tumor
growth was depressed in all the mice from which
these lymph samples were taken. The migration
inhibition of PC from J tumor-bearing mice was
abolished or decreased in the presence of all four
lymph samples, but not in the presence of lymph
from normal mice or from mice bearing another
tumor. This indicates the presence of specific

blocking activity in the lymph from the J tumor-
bearing mice.
Similarly, lymph from C tumor-bearing mice

contained blocking activity (Table VI). Tumor
growth was depressed in all the mice from which
these lymph samples were taken.
In contrast to the above results, lymph col¬

lected from E tumor-bearing mice did not contain
blocking activity (Table VII). The inhibition of

table v

blocking factor in lymph of mice 24 hours after transplantation of tumor j

PC sensitized ...

to tumor Ant,gen Lymph 1
Mean migration

area±SD
Migration
inhibition

Property of
lymph J

J E
J J

E
E

79.3 ± 4.6
72.0± 6.2

9.2

J E
J J

J (1)
J (1)

106.3±.7 8
103.7 + 17.6

3.4 Blocking

J E
J J

Normal
Normal

60.8± 3.9
36.4± 5.7

40.1

J E
J J

J (2)
J (2)

48.6± 1.8
47.5± 3.5

0.3 Blocking

J E
J J

Normal
Normal

74.5± 6.3
64.6± 1.6

13.2

J E
J J

J (3)
J (3)

87.0± 8.5
81.4±12.4

6.3 Blocking

J E
J J

C
C

51.0± 5.7
37.0± 6.1

27.8

J E
J J

J (4)
J (4)

36.5± 2.3
39.0± 5.9

-9.6 Blocking

1 Lymph sample number from Table II.

table vi

blocking factor in lymph of mice 24 hours after transplantation of tumor c

PC sensitized
to tumor Antigen Lymph 1

Mean migration
area±SD

Migration
inhibition

%
Property of
lymph C

c
c

E
C

None
None

50.0± 5.4
35.3+ 3.1

29.4

on E
C

C (5)
C (5)

38.3± 10.9
43.8± 8.5

-11.8 Blocking

c
c

E
C

C (6)
C (6)

33.6±11.3
44.2+ 4.9

-31.5 Blocking

1 Lymph sample number from Table III.
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TABLE VII

ABSENCE OF BLOCKING FACTOR IN THE LYMPH OF MICE

24 HOURS AFTER TRANSPLANTATION OF TUMOR E

PC sensitized
to tumor Antigen Lymph 1

Mean migration
area±SD

Migration
inhibition

%
Property of
lymph E

E
E

J
E

J
J

85.3± 6.2
73.3±11.3

14.1

E
E

J
E

E (11)
E (11)

83.0±13.0
73.5±15.7

11.4 Not blocking

E
E

J
E

E (12)
E (12)

94.9±11.5
51.6 rb 10.6

20.6 Not blocking

E
E

J
E

Normal
Normal

106.6 rt 4.4
93.5 ± 4.2

16.0

E
E

J
E

E (13)
E (13)

81.2±12.2
69.8± 8.7

14.0 Not blocking

E
E

J
E

E (14)
E (14)

43.8± 5.9
26.6± 14.0

39.0 Not blocking

1 Lymph sample number from Table IV.

migration of PC sensitized to tumor E was not
decreased in the presence of any of the four
samples of E lymph tested. Removal of these
samples of lymph from the mice did not diminish
tumor growth.
The number of lymphocytes drained from the

mice and then returned varied from 9 X 106 to

26xl06; viability, estimated by trypan blue
exclusion, was about 85%.
At no time was there any evidence of metastasis

of the tumors. The subcutaneous tumors were

removed for weighing and most of the animals
from these experiments remain alive and appa¬
rently tumor-free several months later.

DISCUSSION

The experiments reported here establish that
BF is indeed to be found in the lymph of mice
bearing transplantable tumors. Its presence was
detected by the MMI technique, but it is of
interest to note that the BF activity of one of the
lymph samples (associated with tumor J) was
confirmed by another in vitro test, namely LAI,
as performed by Mrs. A. Maluish in this labora¬
tory. Investigations employing the LAI test had
already shown (A. Maluish and W. J. Halliday,
unpublished data) that BF appeared in the serum

of J tumor-inoculated mice as early as 24 h after
inoculation of trypsinized tumor cells into the
animals; specific cell-mediated immunity in these
hosts was not detectable until 48 h and visible
tumor appeared at 72 h. These observations
suggested that BF might also be present in lymph
at a very early stage of tumor growth and the
present data for tumors C and J demonstrate that
the supposition was correct. Lymph from mice
bearing tumor E (a slower growing tumor) did
not contain detectable BF when collected during
a similar period.
Lymph was thus drained from the mice in the

24- to 48-h period when (for tumors C and J, but
not E) BF was present but cell-mediated immu¬
nity was only just developing. It was reasoned
that these conditions might be favorable for
showing some positive effect of thoracic duct
drainage, by depleting BF so that cellular
immunity could develop and influence tumor
growth unhindered. The drained lymphocytes
were washed and returned to the mice so that the
effects of cell depletion would be minimized; even
if this process had been inefficient (through
damage to the cells or reinjection by an unfavo¬
rable route), it would be difficult to ascribe the
results obtained to lack of cytotoxic lymphocytes.
There is a possible objection that lymph drain¬

age might inhibit tumor growth through a
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nutritional process, depriving the animals of
proteins or other substances in the lymph. Jose
and Good (1973) have described the effect of
nutritional inadequacies in suppressing both BF
levels and growth of tumors. An attempt was
made to avert this situation by returning the
lymphocytes suspended in normal lymph, so that
only tumor-specific soluble factors were depleted.
Lymph drainage from mice with tumor E did not
reduce tumor growth, this being further evidence
against a non-specific nutritional effect. Even
when lymph was removed and only the cells
returned (see Fig. 2 and Table 111) as little as
1.5 ml of lymph, containing about 6.5 mg of
protein, was sufficient to influence subsequent
growth of the tumor. It is not possible, in the
absence of quantitative assays for BF, to know
how much was removed from each mouse. The

magnitude of the growth-retarding effect did not
seem to be correlated with the volume of lymph
removed, provided this exceeded about 1-1.5 ml.
Drainage of these comparatively small volumes
appeared to have a marked and persistent effect,
provided that the lymph contained detectable
BF. This situation obtained for tumors C and J,
but not for E, so that there was good correlation
between removal of BF and depression of tumor
growth. The mechanism of the observed effect
can only be surmised at this stage, since we have
not yet quantitated cell-mediation immunity and
BF in the mice subjected to tumor inoculation
and thoracic duct drainage.
Depletion of BF front mice bearing well-

established tumors might be expected to be less
effective, since BF may be synthetized more

rapidly than at the start of tumor growth.

Possible clinical applications could be restricted
by this consideration, although removal of BF
by thoracic duct drainage might be of value in
suppressing metastases following surgical re¬
moval of the bulk of a tumor. Further exper¬
iments are planned to simulate this situation in
experimental animals.
The results of this investigation confirm and

extend the work of Rose (1973), briefly described
above. They are, however, in apparent conflict
with the findings of Proctor et al. (1973) who
observed that lymph removal promoted secondary
tumor development, suggesting that lymph from
tumor-bearing rats contained a hypothetical
substance (antibody?) which prevented meta¬
stases. It may be that more advanced tumors in
different species behave differently and account
for the divergence of these results.
Our experiments demonstrate that lymph from

mice with transplanted, chemically induced
tumors contains BF which interferes with cell-
mediated immune reactivity in vitro, and that
removal of such lymph at a suitable stage results
in diminished tumor growth. These observations
are consistent with a functional role of BF in vivo,
namely the neutralization of cell-mediated rejec¬
tion and thus the promotion of tumor growth.
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CONTROLE DE LA CROISSANCE TUMORALE CHEZ LES SOURIS
PAR DRAINAGE DU CANAL THORACIQUE: RELATIONS AVEC

LE FACTEUR DE BLOCAGE PRESENT DANS LA LYMPHE

Des facteurs de blocage specifiques de la tumeur out etc detectes par la technique
d'inhibition de la migration des macrophages dans la lymphe du canal thoracique pre-
levee 24 a 48 h apres la transplantation de deux tumeurs induites chez les souris par
le methylcholanthrene. Le drainage de la lymphe pendant cette periode, avec rempla-
cement des cellules, inhibe la croissance tumorale. On n'a pas trouve de facteur de
blocage dans la lyniphe des souris porteuses d'une troisieme tumeur, lorsqu'on les a
examinees au meme stade et, dans ce cas, le drainage du canal thoracique n'a pas affecte
la croissance tumorale. Ces resultats indiquent que le facteur de blocage joue un role
in vivo et que la diminution de sa concentration chez un hote cancereux a un moment
critique peut arreter la croissance tumorale.
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IMMUNODIAGNOSIS OF A METASTASIS IN A PATIENT
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This paper discusses the use made of the antigenic
specificity of malignant tumours in the diagnosis
and subsequent management of a patient with
secondary malignant disease who had previously
been treated for both carcinoma of the breast and
malignant melanoma. A comparatively simple, rapid
test (leucocyte adherence inhibition) was used to
determine the patient's antitumour immunoreactivity.
Cell-mediated immunity against both types of tumour
was detected, but this was accompanied by serum-
blocking factor corresponding to melanoma only,
which indicated that the secondary malignant disease
was melanoma.

The clinician is occasionally confronted with the
problem of a patient who has had more than one previously
treated primary malignant disease, and who presents with
probable secondary deposits. It may not always be possible
to examine the metastatic lesion histologically and even if

Address for reprints: Professor G. J. A. Clunie, University
of Queensland, Princess Alexandra Hospital, Ipswich Road,
Woolloongabba, Q. 4102.

a biopsy specimen can be taken it may be so undifferentiated
as to make diagnosis of its origin impossible. This is an

important consideration when palliation plays a major role
in significantly prolonging survival or improving the
quality of life, as in carcinoma of the breast.

A possible solution to this problem would be to make use
of the antigenic specificity of different malignant tumours.
It is now well substantiated that malignant tumours do
produce specific antigens, and that these antigens are

capable of eliciting an immune response in the host
Specific cell-mediated immunity (CMI) has been demon¬
strated in vitro by a variety of techniques. In humans
with progressing malignant tumours, serum-blocking
factors which interfere with the reaction of the immune

lymphocytes with tumour antigen can be demonstrated
(Hellstrom et alii, 1971). Because of this interference,
blocking factors may play an important part in allowing
the continuous growth of tumours in the presence of host
CMI (Hellstrom and Hellstrom, 1972).
The standard technique for detecting CMI in vitro

depends on the cytotoxic action of lymphocytes on living
tumour cells (Hellstrom et alii, 1968, 1971; Nairn et alii,
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1972). Some disadvantages of this method are that the
procedure is complicated and slow and that it requires
cultivated tumour cells. Other techniques, such as leucocyte
migration inhibition (Andersen et alii, 1969), are equally
cumbersome.

A new test, depending on leucocyte adherence inhibition
(LAI) has recently been developed as a rapid and simple
method of detecting CMI and blocking factor (Halliday and
Miller, 1972). When a patient's leucocytes, including
lymphocytes sensitized to a tumour antigen, are mixed
with that antigen, the normal tendency of the leucocytes to
adhere to glass is diminished. This LAI probably results
from the liberation of toxic lymphokines as a result of
specific lymphocyte-antigen interaction. We wish to report
the value of the LAI test in the management of a patient,
who had previously been treated for both carcinoma of the
breast and malignant melanoma, presenting with probable
secondary disease.

CLINICAL RECORD

The patient is a female, aged 38 years. She developed a
carcinoma of the left breast in 1960, and underwent a

simple mastectomy followed by radiotherapy. Two years
later, in 1962, she presented with enlarged glands in the
left axilla, and a block dissection for secondary breast
carcinoma was performed. She remained well until 1965,
when a pigmented lesion on the back was noted. This was
excised with a margin of tissue 1 cm wide. Subsequent
histological examination showed a malignant -melanoma
invading superficial dermis. No further surgery was
performed at this stage.
In 1967 a further pigmented lesion developed at the site

of the previous excision. This was excised widely and the
area was grafted. Histological examination showed a
secondary deposit of malignant melanoma in the dermal
scar. The patient attended for regular follow up and
remained well until December, 1972, when she was found
to have enlarged glands in the right axilla. Examination
of a biopsy specimen showed a lightly pigmented anaplastic
tumour consistent with secondary melanoma, and a block
dissection of the right axilla was performed.
In October, 1973, a gland measuring 2 cm x 2 cm was

found in the right supraclavicular area, but apart from
this the patient appeared quite well with no clinical
evidence of other metastases. Biopsy of this gland demon¬
strated anaplastic tumour extensively replacing lymph
node, and special stains for melanin gave negative results.
While on clinical and histological grounds this was thought
most likely to be melanoma, the microscopic appearances
were not absolutely diagnostic, and the findings could have
been due to either secondary melanoma or carcinoma of the
breast.

A skeletal survey showed possible metastatic deposits in
the thoracic spine, and the problem at this time was to
decide whether the patient was suffering from secondary
melanoma, secondary breast carcinoma, or both, and what

could be offered in the way of treatment. Blood samples
were taken for immunological investigations, and these
supported a diagnosis of melanoma rather than carcinoma
of the breast. The results of these tests will be discussed
later in this paper. A bone scan showed no evidence of
increased uptake which would indicate bone metastases.
The patient was given a course of radiotherapy to the right
side of the neck, right axilla and mediastinum. On
completion of this three-week course, a further blood
sample was taken for immunological studies.

METHODS

Collection of Leucocytes and Serum
Heparinized venous blood was allowed to stand in glass

bottles and the leucocytes were separated as previously
described (Halliday et alii, 1974a, 6). The final leucocyte
suspension contained, after washing, 2 x 107 cells/ml in
Eagle's medium with fetal calf serum (Commonwealth
Serum Laboratories, Melbourne). Serum was separated
from clotted blood and was not inactivated.

Tumour Extracts

Antigens were prepared (as described previously) by
homogenizing tumour tissue in phosphate-buffered saline
(pH 7-4) and centrifuging (Halliday and Miller, 1972).
The tumour extracts were not autochthonous with respect
to this particular patient, but were obtained from previous
patients suffering from malignant melanoma and carcinoma
of the breast. The extracts had previously been found to
be specifically active with appropriate leucocytes (Halliday
et alii, 1974a, 6).

The LAI Test

The technique has already been described (Halliday and
Miller, 1972; Halliday et alii, 1974a, 6). Briefly, duplicate
mixtures of leucocytes, tumour extract (antigen), serum
and medium in the required combinations were made in a
total volume of 0-2 ml, incubated for 30 minutes at 37°C
and then introduced into haemacytometers. After a further
incubation for about 60 minutes, the cells were counted in
predetermined areas. The cover slips were floated off, and
the slides were then rinsed and the remaining adherent
cells counted in the same areas as before. All counting was
performed without knowledge of the contents of the
mixtures. Finally, the mean percentage of adherent cells
and the standard error (SE) of the mean were calculated
for each mixture, and the significance of comparisons was
determined by the t test.

RESULTS

Results of LAI tests are presented in Table 1. A baseline
was first established by incubating the patient's leucocytes
in medium without tumour antigen, with the addition of
normal serum only. This gave the normal adherence value.

Leucocytes were then tested against breast carcinoma
extract, again with normal serum, and this time adherence
was reduced, which indicated that the leucocytes were

reactive to the antigen. Addition of the patient's serum

Table l

Reactivity of Patient's Leucocytes and Serum with Tumour Antigens

Percentage Adherence
Mixture Leucocytes Antigen Serum (Mean+SE) Interpretation*

(i) (u)

1 Patient None Normal 53■ ldii 18 71-7+2-4 Normal adherence
2 Patient Breast carcinoma Normal 32-8+1-7 36■ 5+ 1 -8 Leucocytes reactive with breast carcinoma antigen
3 Patient Breast carcinoma Patient 33-1+1-9 35-7+1 -6 Serum not blocking for breast carcinoma
4 Patient Melanoma Normal 38-5+2-9 13■ 1+2■ 6 Leucocytes reactive with melanoma antigen
5 Patient Melanoma Patient 50-2+3-3 56-1+2-2 Serum blocking for melanoma

* Inhibition of adherence in mixtures 2 and 4 (compared with 1) is highly significant (P <0-001).
Blocking in mixture 5 (compared with 4) also highly significant (P <0-001).
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still resulted in a reduced adherence, showing that the
serum was not blocking to breast carcinoma antigen.
When leucocytes were tested against melanoma antigen,

with normal serum, there was reduced adherence, but on
the addition o£ the patient's serum the adherence returned
to normal levels, which indicated that her cells were reactive
to melanoma antigen and that the serum was blocking.
Similar results were obtained on both occasions, the first
sample being taken before radiotherapy was begun and the
second three weeks later, at the completion of therapy.
The patient's serum was also examined for "unblocking"

activity, i.e., the ability to prevent blocking of CMI when
mixed with a known blocking serum, obtained from another
individual with progressive carcinoma of the breast. It
was inactive in this respect.

DISCUSSION

In confirmation of results obtained with lymphocyte
cytotoxicity tests (Hellstrom et alii, 1971), CMI and
blocking factor have been consistently demonstrated by
LAI in patients with various types of progressing tumours
(Halliday et alii, 1974a, 6). The reactions were specific for
tumour type, tumours of the same origin having antigens
which cross-reacted. After successful removal of the tumour,
the amount of blocking factor fell and it was usually
absent within three to five weeks of surgery. Blocking
factor is thought to be an antigen-antibody complex, so
that this fall-off could be explained by the removal of
antigen source, and the subsequent elimination of the
serum component. The cellular reactivity persists, however,
for a much longer period, and may last even for many years,
as demonstrated here and in other places (Hellstrom and
Hellstrom, 1971).

The persistence of blocking activity indicates the
continuing presence of antigen as actively growing
malignant tissue, either locally or in the form of metastases.
Disappearance of blocking factor without reappearance
is very suggestive that all the tumour tissue has been
removed. However, patients in whom blocking factors have
disappeared after tumour removal or spontaneous regression
may at a later stage redevelop blocking activity before
clinical evidence of recurrence (Hellstrom and Hellstrom,
1971). It is apparent that further studies and prolonged
follow up are required to delineate this aspect of the
problem.

In this particular case the patient demonstrated cells
active against melanoma antigen, and also her serum was
specifically blocking, which indicated actively growing
melanoma, and this was substantiated clinically. The
patient's cells were active against breast carcinoma antigen,
but her serum was not blocking, which indicated that there
were no actively growing secondary deposits from the breast
tumour. It is interesting that this cellular activity has
persisted for 11 years after the block dissection of the left
axilla. The apparent lack of "unblocking" in serum, tested
against breast carcinoma, may indicate that humoral

immunity is not as long-lived as CMI. "Unblocking" is
thought to be a function of free antitumour antibody
(Hellstrom and Hellstrom, 1972).
This case demonstrates well the ability of the LAI test

to define the clinical problem more clearly, and its possible
value in deciding treatment. If, in fact, the secondary
deposits had been due to breast carcinoma, then oophorec¬
tomy would have been the management of choice rather
than local radiotherapy to the secondary area.

It is important that, despite the undifferentiated nature
of the secondary deposit in the neck, specific antigenicity
was still preserved. The second LAI test performed after
the completion of local radiotherapy showed no significant
change that could be ascribed to the radiotherapy.
The LAI test is completed in a few hours, is specific and

reliable, and requires no elaborate preparation or instru¬
mentation. We believe that this comparatively simple test
should be useful in diagnosis, prognosis and assessment of
treatment of human malignant disease. Its early use in a

small series of patients has proved highly promising
(Halliday et alii, 1974a, 6).
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Thoracic duct end pressures have been measured in a conscious patient undergoing cannula-
tion in an attempt to remove serum blocking activity. Pressures were measured during rest,
coughing, straining and laughing, and during the last-mentioned activity pressures of the
order of 8smmHg were recorded. It is suggested that formal ligation of the thoracic duct
would be necessary to withstand these pressures following removal of the cannula at the

termination of treatment.

Thoracic duct lymph of tumour-bearing
rodents contains blocking factors which may
adversely affect the animals' ability to reject
implanted tumours. Lymph depletion in these
animals results in slower tumour growth
(Noonan et alii, 1974). Blocking factors have
also been demonstrated in the thoracic duct
lymph of a patient with multiple metastatic
melanoma (Isbister et alii, 1975), so that the
establishment of a long-term thoracic duct
lymph fistula to deplete blocking activity may
have a place in the management of such
patients. If this technique proves to be of
value, it is probable that the lymph fistula will
ultimately close, and it seems important to
determine whether the pressures generated
within the thoracic duct necessitate formal
surgical closure of the fistula, or whether simple
removal of the cannula will suffice. End
thoracic duct pressures were therefore measured
in a conscious patient at rest and during
coughing, laughing, straining and drinking.
The results of these measurements are reported
in this paper.

Patient and Methods
A 34-year-old man was referred for treatment of

multiple metastatic malignant melanoma. All con¬
ventional forms of therapy had failed. The question
of thoracic duct lymph drainage as a possible method
of treatment was discussed with the patient, and

1 Supported by grants from the Queensland Cancer
Fund.

Reprints: Professor W. H. Isbister, Wellington
Clinical School, Wellington, New Zealand.

4.22

his informed consent obtained. A Teflon cannula
with an internal diameter of 2-5 mm was easily
inserted into the cervical portion of the thoracic duct
under general anaesthesia. The immunological and
biochemical changes which resulted from 28 days
of thoracic duct lymph drainage form the subject
of another communication (Isbister et alii, 1975).
Twenty-seven days after insertion of the cannula,
thoracic duct end pressures were measured.
A three-way tap was attached to the thoracic duct

cannula, one limb was connected by means of 100 cm
of Nylon tubing with an internal diameter of 1-52 mm
to a Hewlett-Packard 267 BC pressure transducer,
and the other limb communicated with the lymph
collecting system. The system was filled with
heparinized saline (5 units/ml) and thoracic, cardiac
and respiratory movements were monitored by a
Hewlett-Packard pneumograph. The pressure
transducer was coupled to a Sanborn 560 Series
8-channel recorder and the recordings were made
photographically. The pressure transducer was
adjusted to the same height as the termination of
the thoracic duct, and the system was opened to
the atmosphere for calibration. All pressures
recorded were closed thoracic duct end pressures.

Results

Pressures were measured whilst the patient
was either sitting up on the couch or lying
supine. A typical pressure recording is shown
in Figure 1. A major cyclical rise and fall in
pressure is dependent upon respiratory activity
and coresponds to the inspiratory and expira¬
tory movements recorded on the pneumograph.
Small oscillations are superimposed upon this
and are synchronous with the patient's pulse
rate. These represent pressure waves trans¬
mitted from the heart and intrathoracic great
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Figure i : (upper trace) supine end thoracic duct pressure (mm Hg) ; (lower trace)
pneumograph; time scale divided into one-second units.

A = inspiration B = expiration C = coughing

vessels. Pressures obtained during coughing,
straining, laughing, resting and drinking are
shown in Table i. The highest intraductal
pressure recorded was 85 mm Hg during a
period of laughing and coughing. The lowest
pressure was that obtained during rest when
the patient was lying supine. Neither hyper¬
ventilation nor drinking affected the end
thoracic duct pressure, and we were unable

Table 1

Mean maximum pressure
(mm Hg)

Mean minimum pressure
(mm Hg)

N Mean S.D. N Mean S.D.

Sitting :
Resting
Coughing
Straining
Coughing and
laughing . .

12

3
13

26-70
72-33
53-69

85 00

1-58-1
3-21 1
4-66 y

-J
12 17-12 2-31

Supine :

Resting
Coughing

17
4

20-08
35-12

2-77\
1-43 / 17 5-85 2-31

to detect any other ductal intrinsic pressure
changes. There was no rise in the closed end
duct pressure after clamping for 20 minutes,
although when the system was opened and
thoracic duct lymph was allowed to drain into
the collecting system, closure resulted in a
rapid rise in pressure from zero to the resting
pressure in six seconds.

Discussion

Long-term thoracic duct lymph fistulas have
been used previously in man to conduct lymph
dialysis in chronic renal failure, for lymph
decompression in patients with ascites and as
an adjunct to immunosuppression in human
patients receiving kidney transplants (Tilney
and Murray, 1967; Fish et alii, 1969). If the
technique of thoracic duct lymph drainage is
to be employed therapeutically, wide-bore
cannulas will be necessary for satisfactory
prolonged drainage, and these will ultimately
need to be withdrawn. It is therefore important
to measure end thoracic duct pressures in
conscious patients during various normal
activities so that the likelihood of spontaneous
closure can be assessed.

Thoracic duct end pressures in man have
been measured by several authors (Shafiroff
and Kau, 1959; Werner, 1965 ; Dumont et alii,
r963), but few measurements have been made
in conscious patients. In particular, no infor¬
mation concerning intraductal pressures during
the normal functions of coughing, straining,
drinking and laughing has been recorded.
Tilney and Murray (1967) measured

thoracic duct end pressures in two conscious
patients, one two weeks after institution of
thoracic duct drainage and the other eight weeks
following cannulation, and reported pressures
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of the order of 40 mm Hg with the patient at
rest. In the patient cannulated for a short
period, spontaneous contractions occurring at
the rate of approximately five per minute were
reported, but in the second patient no such
activity was found. Shafiroflf and Kan (1959)
cannulated the thoracic duct in 22 patients and
reported pressures between to and 28 cm of
water.

Of 14 patients whose ducts were cannulated
in order to induce an immunosuppressive effect
(Tilney and Murray, 1967), one required
operative ligation of the duct following removal
of the cannula. The necessity for formal ligation
is impossible to assess from this series, however,
since five patients were discharged home with
their cannulse clamped, several had subcu¬
taneous ligation of the cannula, and "many"
fistulse ceased to drain before cannula removal.
In the other series (Shafiroff and Kan, T959).
four out of 22 patients had small leaks from
the cannulation site after removal of the can¬

nula.

Supine resting pressures in the present study
were similar to pressures reported previously
(Shafiroff and Kau. 1959: Tilney and Murray,
1967; Kiunaert, 1973). although details of the
patients' position during measurement were
not given. One series (Kinnaert. 1973) was
studied under general anaesthesia, and it is
assumed that patients were supine. Although
these latter measurements were side pressures,
there was little difference between those
obtained with the patient in a stable state under
general anaesthesia and those observed in con¬
scious patients. Tn our patient, however, con¬
siderably higher pressures were recorded during
the activities of coughing and straining,
especially in a sitting position.
Ingestion of food may act as a stimulus to

spontaneous ductal activity. Our pressure
measurements were made an hour and a half
after a meal, so that if food is a stimulus, it
would be expected to have had an effect in
the patient studied. Conversely, spontaneous
activity has been recorded in patients who have
fasted for over T2 hours (Kinnaert. 1973).
Hyperventilation did not affect mean

thoracic duct end pressures. When lymph was
allowed to flow freely from the system bv
means of an open three-way tap so that the

isbister et alii

pressure within the system was of atmospheric
degree, closure of the tap resulted in a rapid
rise to normal pressures within six seconds.
Prolonged measurement, however, did not
result in any further rise above this level,
suggesting that under these circumstances,
lymph flow either stopped or was rerouted by
other channels within the thorax or abdomen
(Nusbaum et alii, 1964).
Maximum and minimum end thoracic duct

pressures with the patient at rest were highest
when he was in the sitting position, and it is
thought that this finding was related to in¬
creased respiratory efficiency consequent on
greater mobility of the diaphragm in the sit¬
ting posture, the splinting effect of the
abdominal viscera in the lying position being
reduced.
We have not attempted to measure side pres¬

sures in the thoracic duct system, although these
would be more physiological, since the measure¬
ments reported in this paper were undertaken
in an attempt to determine the stresses placed
on a cannulated duct following removal of the
cannula during "closure" of the fistula.
It is doubtful whether spontaneous closure of

a large thoracic duct fistula against the pres¬
sures observed could be expected. The high
spontaneous closure rate reported by Shafiroff
and Kau (1959) was possibly related to the
small cannulas used. We recommend, therefore,
that formal ligation of the cannulated thoracic
duct be undertaken under local anaesthesia at
the time of withdrawal of the cannula.
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Thoracic duct lymph was drained for 28 days from a patient with disseminated
malignant melanoma. Lymphocytes were separated from the lymph by cen-
trifugation, and returned to the patient daily. Biochemical and hematologic
parameters were monitored in blood and lymph, and were maintained at
satisfactory levels throughout the period. Cell-mediated immunity and specific
blocking activity directed against melanoma antigens were examined by the
leukocyte adherence inhibition test. Blocking factors in drained lymph fell to
undetectable levels after 6 days' thoracic duct drainage, whereas it took 9 days
for serum blocking factors to fall to similar levels. Peripheral blood leukocytes
demonstrated cell-mediated immunity against melanoma antigens before and
throughout the period of drainage, except for the immediate postoperative
period. Within 24 hours of closure of the thoracic duct fistula, serum blocking
activity had returned, and 17 days later the patient died.

Cancer 35:1465-1471) 1975.

Blocking factors (BF) which inhibit theexpression of cell-mediated immunity have
been demonstrated in the serum of tumor-bear¬

ing experimental animals5'9 and patients with a
variety of solid tumors.8'12 We have recently
demonstrated that BF are also present in the
thoracic duct lymph of tumor-bearing mice, and
that thoracic duct drainage results in inhibition
of tumor growth.15
This report describes the effects of thoracic

duct cannulation in a patient suffering from dis¬
seminated malignant melanoma.

Case Report

A 34-year-old male patient had a melanoma
removed from the occipital region in 1971. He
remained well until October, 1973, when he
developed a nodule above the right eyebrow.
Histologic examination confirmed the presence
of recurrent melanoma. The patient then notic-
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The authors wish to acknowledge the assistance of the Pa¬

thology Department, Royal Brisbane Hospital.
Received for publication January 20, 1975.

ed several other small subcutaneous nodules
which failed to respond to either local radio¬
therapy or systemic methotrexate. By February,
1974, he had developed multiple subcutaneous
nodules, on the back, groin, axillae, and anterior
abdominal wall, but there was no clinical
evidence of visceral metastasis.
Two nodules were excised under general

anesthesia in March, 1974 for preparation of
an immunizing tumor extract.10 Postoperatively
the patient complained of severe headaches, and
on examination was found to have bilateral
papilledema, a generalized muscular weakness,
and a left cerebellar ataxia. Brain scan and
E.E.G. examination were inconclusive, but it
was felt that his symptoms were due to intra¬
cranial metastatic melanoma, and he was
treated with parenteral steroids. The headaches
rapidly disappeared and his ataxia improved.
Two weeks later a course of injections of tumor
antigen, prepared as described by Hughes et
ah,10 was commenced in an attempt to improve
his immunologic reaction against his own
tumor. At this time his peripheral blood leuko¬
cytes and serum were examined for specific cell-
mediated immunity (CMI) and BF by the
leukocyte adherence inhibition (LAI) test.6 The
patient was found to have reactive leukocytes
with strongly blocking serum (see Methods
and Results).
The exact nature of his disease and probable

prognosis was explained to the patient, and it
was suggested that thoracic duct lymph
drainage, in an attempt to remove the blocking

1465
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activity, could be of possible benefit to him; his
informed consent for this manipulation was
given. A Teflon cannula with an internal
diameter of 2.5 mm was inserted into his
thoracic duct under general anesthesia using a
technique similar to that described by Tilney and
Murray.18 Lymph was collected in sterile 2-1 dis¬
posable polythene urine drainage bags, contain¬
ing 250 ml of anticoagulant ACD. These bags
were changed twice daily and stored overnight
at 4°C until processing. Following centrifuga-
tion, the supernatant lymph was decanted under
sterile laminar flow conditions, and the cells
from the previous 24-hour period of drainage
were reconstituted in 1 1 of sterile plasma protein
solution (SPPS*) and infused intravenously
together with 500 ml of Intralipid 10%. The total
infusion time was not more than 1 hour and the
infusion site was changed daily.
The patient was fed a normal diet with an in¬

travenous supplement of fat-soluble vitamins,
and was allowed to move about the ward
throughout the period of drainage. His weight
was well maintained.
Thoracic duct lymph drained satisfactorily for

28 days, and the patient remained well. Prior to
closure of the fistula and removal of the cannula,
thoracic duct end pressures were measured
(subject of a separate report11), and two sub¬
cutaneous nodules were excised for histologic
examination. The patient was discharged home,
and attended the hospital regularly thereafter.
Eighteen days after closure of the fistula he com¬
plained of a severe headache, lost consciousness,
and died.
Autopsy demonstrated multiple metastatic

nodules from malignant melanoma in the brain,
pleura, lungs, peritoneum, liver, spleen, and
other abdominal viscera. Histologic examina¬
tion of the tumor nodules biopsied immediately
before removal of the cannula showed central
hemorrhage and tumor necrosis, although the
peripheral cells appeared to be quite active.

There was a "surprisingly small amount of
lymphocytic infiltrate."

Methods

Hematology and Biochemistry

Daily red cell counts, total and differential
white cell counts, hemoglobin estimations,
hematocrit, serum electrolytes, total protein,
albumin, and protein electrophoresis were un¬
dertaken in the Hospital Pathology Depart¬
ment. In addition, electrolyte levels, total pro¬
tein, albumin, triglycerides, and cholesterol
were measured daily in samples of drained
supernatant lymph.
IgG and IgM were determined in both serum

and supernatant lymph by immunodiffusion us¬
ing commercially prepared radial immunodiffu¬
sion plates.'
CMI and BF

Specific antitumor reactivity in peripheral
blood leukocytes and specific BF in serum and
lymph were determined using the LAI test.6
Either the patient's own leukocytes or those
from another patient with melanoma, together
with extract of melanoma tissue (tumor antigen)
were used to detect the presence of BF in serum
or lymph. Tumor specificity of BF was deter¬
mined using peripheral blood leukocytes from
patients with hepatoma and antigen prepared
from hepatoma tissue.
Percent blocking activity was determined as:

% adherence in presence of test serum
or lymph and tumor antigen

— % adherence in presence of tumor antigen
% adherence without tumor antigen

-X100

— % adherence in presence of tumor antigen.
* Red Cross Society Blood Bank, Brisbane.
r Vitrum, Stockholm, Sweden. * Hoechst Australia, Brisbane.

Table 1. Antimelanoma Blocking Factors in Lymph and Serum

Leukocytes*
Melanoma

antigen Serum/Lymph Adherence Interpretation

C.B.

C.B.

C.B.

C.B.

+

+

Normal serum

Normal serum

C.B. lymph

C.B. serum

69.1

46.7

71.0

65.8

Normal
adherence

Leukocytes
active

Lymph
blocking
Serum

blocking

* Leukocytes obtained immediately prior to operation for insertion of cannula.
Lymph and serum obtained during same operation.
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Fig. 1. Daily lymph volumes.

Results

The volumes of lymph produced daily are
shown in Fig. 1. Between 1.5 X 109 and 3 X 109
thoracic duct lymphocytes were returned to the
patient each day. The blood lymphocyte count
(Fig. 2) remained in the lower normal range
throughout the period of drainage, although
there was a rise in total white cell count

postoperatively (Fig. 2). Hemoglobin, total red
cell count, and hematocrit fell slightly, but all
other hematologic parameters remained within
normal limits.
The detailed results of the leukocyte

adherence inhibition test for specific CMI and
BF in lymph and serum at the commencement
of drainage are showr in Table 1; sequential
serum and lymph blocking activities are il¬
lustrated in Fig. 3. Blocking activity fell to an
undetectable level in lymph after 8 days of
drainage, preceding the disappearance of block¬
ing activity in serum by 2 days. Blocking activity
was again found in serum 24 hours after
drainage was stopped. Blocking activity was
specific for melanoma antigens, as no blocking
of hepatoma-reactive leukocytes was obtained.
Although a specific reaction of peripheral

blood leukocytes to melanoma antigens was
detected preoperatively (Table 1), no reactivity
was detectable for 6 days postoperatively. This
reactivity returned, however, 8 days after com¬

mencement of drainage; from day 10 to day 27
the patient had reactive leukocytes without
detectable BF (Fig. 3).
Total serum protein levels during drainage

were maintained between 5.3 and 6.0 mg/ml,
while serum albumin remained within the nor¬

mal range.
The serum and lymph levels of IgM and IgG

are shown in Figs. 4 and 5. IgM levels were per¬
sistently low in lymph, but serum IgM levels
rose above normal postoperatively then fell to
normal for the remainder of the period of
drainage. IgG in both lymph and serum fell
rapidly, and the patient remained deficient in
IgG throughout the period of investigation.

Discussion

We have demonstrated previously that
specific BF are present in the thoracic duct
lymph as well as in the serum of tumor-bearing
mice.15 The present study has shown that the
same situation prevailed in a single patient with
disseminated malignant melanoma.
Specific BF related to melanoma antigen were

detected in the patient's lymph at the start of the
period of drainage, as was perhaps to be ex¬
pected from previous studies of serum from
melanoma patients.6,12 The precise amount of
BF in the lymph was not determined quanta-
tively, although the initial level was sufficient to
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Fig. 2. Leukocyte and absolute
lymphocyte counts during thoracic
duct drainage.

-12-11 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
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cause complete (100%) blocking in the test
system used. This level fell suddenly after 6 days
of drainage; BF remained undetectable until the
cannula was removed. The patient thus
appeared to be successfully depleted of a tumor-
related blocking substance as detected by in
vitro testing.
The status of the patient with regard to

specific antimelanoma CMI appeared to be

qualitatively unchanged by lymph drainage and
decrease in circulating BF, except for the 6-day
period immediately after the surgical procedure
of cannulation. A similar postoperative depres¬
sion of antitumor CMI has been noted

previously.1
The continued presence of specific CMI with

simultaneous depletion of BF which interfere
with CMI in vitro might be considered of benefit

Fig. 3. Antimelanoma blocking
activity of serum and lymph dur¬
ing thoracic duct drainage: + =
melanoma-specific CMI present; 0
= melanoma-specific CMI absent.
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Fig. 4. IgM levels in serum and
lymph during thoracic duct drain¬
age.

TIME [days]

in vivo. There are, however, several factors which
could militate against effective rejection of a
tumor in such circumstances. Firstly, the precise
relationship between immunologic activity and
tumor growth is not known. It may be that the
antigens of the tumor extract used in vitro for
the LAI test are unrelated to "tumor-specific an¬

tigens" of the tumor cell membrane which are
thought to be important in in vivo tumor im¬

munity. In an experimental study, however,
lymph drainage performed soon after tumor in¬
oculation in mice was successful in reducing
tumor growth.15 It is also possible that, under
some conditions, lymph drainage might remove
a factor which holds tumor growth in check,17 or
which inhibits the overproduction of BF; it is
clear that the timing of thoracic duct drainage in
relation to tumor growth must be determined

TIME [days]
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more precisely before the technique receives
wider clinical application. Secondly, the tumor
mass may have been too great for a favorable
response in this patient with advanced disease.
Reduction of tumor mass by surgery or radio¬
therapy may be an essential preliminary to suc¬
cessful immunologic manipulation. Thirdly,
BF may be concentrated around the tumor sites,
so that peripheral drainage may not adequately
diminish local levels.
Thoracic duct cannulation has been used

previously in man to produce depletion of cir¬
culating lymphocytes in an attempt to induce
immunosuppression and prolong renal allograft
survival.2'4'7'18 In this technique, cell-free lymph
was returned to the patient, whereas throughout
the present study the cell-free lymph was dis¬
carded and only cells were returned in an
attempt to maintain CMI. The leukocyte losses
previously reported following thoracic duct
drainage2'14 were therefore prevented.
Thoracic duct obstruction may result in an in¬

creased intestinal lymph flow, raised albumin
metabolism in the gut,12 and a fall in serum
albumin.2 In the patient reported here, although
the cell-free lymph was discarded, no ap¬
preciable drop in serum albumin level was ob¬
served. It seems likely that the SPPS used to
reconstitute the patient's thoracic duct
lymphocytes prior to reinfusion adequately
replaced the albumin lost in the lymph. It is

possible, however, that gut losses were kept to a
minimum by the use of a large bore cannula,
which did not result in any significant back
pressure and opening of alternative gas¬
trointestinal lymphatic pathways.
Nusbaum et al.16 state that fat-soluble

vitamins are lost as a consequence of thoracic
duct cannulation, and therefore these vita¬
mins were given intravenously to the patient.
No attempt was made to measure losses spe¬
cifically.
This study has demonstrated that with ap¬

propriate protein, vitamin, and lipid
supplements, it was possible to maintain a
patient on continuous thoracic duct lymph
drainage, returning the lymphocytes and dis¬
carding the supernatant, for a period of at least
28 days. During this time, adequate fluid,
nutritional, and biochemical balances were

maintained, and the patient's specific antitumor
serum and lymph blocking activity was reduced
to zero. The main problem encountered was one
of logistics related to the processing of the vast
quantities of lymph in a sterile environment dur¬
ing the drainage period. Although no bacterial
contamination was observed, it would seem

preferable to use some form of continuous flow
centrifugation3 for the processing of lymph, or to
produce an external lymph or venous fistula, if
the technique is to be more widely used in the
future.
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The Effect of Intravenous
and Intramuscular Injection
of Corynebacterium parvum
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Introduction

A series of investigations into the effect of killed Corynebacterium parvum

preparations on the growth of isogenic tumor transplants in mice has demon¬
strated inhibition of tumor growth following even a single injection of an

appropriate strain of this systemic adjuvant (Woodruff and Boak, 1966; Wood¬
ruff and Inchley, 1971; Woodruff et al., 1972; Woodruff and Dunbar, 1973).
The mechanism underlying this phenomenon has not been defined by these
experiments. The demonstration that inhibition of tumor growth by C. parvum
injection in T-cell-deprived mice occurs to an extent comparable to that in C.
parvum-treated, normal mice (Woodruff et al., 1973) lends support to the
hypothesis that its effects on tumor growth depend primarily on macrophage
stimulation. However, the administration of C. parvum to both tumor-bearing

M. F. A. WOODRUFF, G. J. A. CLUNIE, W. H. McBRIDE, R. J. M. McCORMACK, P. R.
WALBAUM, and K. JAMES, The Departments of Surgery and Bacteriology, The University
of Edinburgh Medical School, Edinburgh, United Kingdom.
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and normal mice may have an enhancing effect on the response of both
thymus-dependent and independent antigens (James et al., 1974).

It is clear that the effect of C. parvum on tumor growth is most marked
following intravenous or intraperitoneal injection, the subcutaneous route being
much less effective (Woodruff and Inchley, 1971; Woodruff et al., 1974). Other '
measures of response to C. parvum—such as increased phagocytic activity, as
judged by the clearance of intravenously injected colloidal carbon from the
blood stream, rise in anti-C. parvum antibody titers, and splenomegaly—also
indicate the superiority of intravenous or intraperitoneal injection when com¬
pared with subcutaneous administration (Woodruff et al., 1974).

On the basis of this experimental work, a cautious clinical trial of C. parvum
was started in Edinburgh early in 1973. The route of administration was
primarily intravenous, and the aims of the trial were to determine any immediate
toxicity and to assess any beneficial or deleterious effects on tumor growth.
Thirty patients were treated in the period from January 1973 to April 1974, 20
suffering from bronchogenic carcinoma, 6 from malignant melanoma, and 4
from mammary carcinoma.

Materials and Methods

Two basic therapeutic protocols were followed. The first group of 22
patients received a single intravenous injection of a formalin-killed suspension of
C. parvum designated CN6134, batch WEZ174, which has been used throughout
the series and in much of the experimental work previously reported. Initial
patients, in whom there was clinical evidence of significant residual tumor,
received a dose of C. parvum (1 mg/kg body weight) administered in 500 ml In
saline over the course of 3-4 h. The infusion was stopped if any side effects were
observed, and the total dose of C. parvum actually given ranged from 15 to 47.6
mg. This dose (somewhat less than 1 mg/kg) is in sharp contrast with the
approximately 70 mg/kg dose given to the experimental animals. Because of
toxic effects (which will be discussed in detail later), the protocol was modified,
so that more recent patients have received a standard dose of 20 mg C. parvum
in 100 ml saline over one hour. This lower dose was given both to later patients
with major residual tumor and to the first 10 patients in a controlled trial of C.
parvum following resection for bronchogenic carcinoma. In this trial—where the
patients were considered by the operating surgeon to be free from macroscopic
evidence of tumor, but were known to have a poor prognosis from previous
studies, a random allocation was made, following resection to a treatment or
nontreatment group.

In the second protocol, which was used more recently in 8 patients with
clinically obvious residual tumors, 20 mg of C. parvum was administered intra¬
venously as before, but was followed by 2 mg injected intramuscularly at weekly
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intervals for 3 months. This course was followed in surviving patients by
fortnightly injection for a further 3 months, with monthly injections thereafter.

Results and Discussion

All patients receiving intravenous injections of C. parvum developed pyrexial
reactions, either during or within 2-3 h of the infusion. These reactions varied
from a mild pyrexia with associated general malaise in elderly patients with
extensive tumors, to severe systemic disturbances with rigors, nausea, vomiting,
and severe headache. Some of the major reactions lasted intermittently for 4-5
days; they were most striking in the younger and fitter patients and with the
higher doses used initially. In contrast, reaction to the much smaller intramuscu¬
lar dose was minimal, with slight discomfort and swelling at the site of injection,
lasting 24-36 h in some patients, and no systemic upset.

One 21-year-old patient with disseminated malignant melanoma developed
transient, but severe, jaundice with biochemical evidence of hepato-cellular
damage 5 days after the intravenous infusion of 20 mg of C. parvum. Apart from
occasional and slight rises in serum-alanine aminotransferase levels, there was no
other evidence of hepato-toxicity in this series.

The response of the patients was followed by a series of investigations on

peripheral blood samples taken before treatment, on the day of treatment, and
on days 4, 11,21, 39, and at varying intervals thereafter. Routine hematological
investigations showed no changes in hemoglobin and packed-cell volume. Thus,
there was no clinical evidence of anemia comparable with the striking falls in
packed-cell volume demonstrated experimentally in mice receiving injections of
the various C. parvum strains effective in inhibiting tumor growth in these
animals (McBride et al., 1974). Some of the patients showed a fall in peripheral
monocyte count to levels of less than 30% of starting values by day 4-5, with a
rebound to higher than starting levels by day 11. However, this finding was by
no means consistent, and was not dose related. The reason for these apparent
changes is not clear, but it is tempting to postulate that the monocytes are
localizing in the tumors.

Serum immunoglobulin (IgG, IgA, IgM, IgE) and ct2-macroglobulin levels
were estimated at the same time intervals. No consistent changes were demon¬
strated in this small series, but one patient with extensive contralateral secon¬
daries following lung resection for bronchogenic carcinoma and a history of
asthma showed a sharp rise in IgE levels (63-5448 International Units) by day 5,
and a less striking rise (980-1448 mg/100 ml) in IgG levels by day 11. The
reason for this response is not clear, and may be peculiar to the individual.
However, it is of interest that this man is alive and well, with little evidence of
further extension of his secondary tumor, one year after a single intravenous
injection of 46.8 mg of C. parvum. The response of peripheral blood lympho-
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cytes to the mitogens phytohemagglutinin, Con-A, and pokeweed were studied
sequentially in some of the patients. Again, no clear or consistent pattern was
demonstrated.

Assays of anti-C. parvum antibodies were carried out, using a modification of
the latex-agglutination test of Florman and Scoma (1960), which is described in
detail elsewhere (Woodruff et al., 1974). Assays in normal persons showed
significant background titers of antibody in all persons tested. These basic titers
did not differ significantly from the pretreatment levels in the tumor population
studied (Table I). This high basic titer is perhaps not surprising in the light of the
ubiquitous nature of the corynebacteria and the cross-reactivity demonstrated
by different strains (Johnson and Cummins, 1972). When tested for antibodies,
all 24 patients receiving intravenous injections of C. parvum demonstrated a
significant rise in titer (log2ab>8) by day 11 following infusion, persisting to at
least day 39. The antibody titer was not related to the dose of C. parvum, which
varied between 15-47.6 mg. It is not yet clear whether regular intramuscular
injections after the initial intravenous dose has any effect on the maintenance of
agglutinating-antibody levels, or even whether such antibodies have any bene¬
ficial effect in inhibiting tumor growth. However, recent experimental results
indicate that both the antitumor effect of C. parvurp and its effect on macro¬

phage activity, as judged by a modification of the carbon clearance test of Biozzi
et al. (1954), can occur in the presence of high levels of antibody directed
against the organism (Woodruff et al., 1974). Thus, it seems logical to administer
C. parvum at regular intervals in patients with frank residual tumors, although

Table I. Anti-Corynebacterium parvum Assays by the
Latex-Agglutination Test"

Number tested log2aZ> ± S.D.ft

23 Normal males 5.9 ± 1.7

22 Normal females 5.7 ± 2.6

C. parvum treated
24 Day 0 5.6 ± 1.9
11 Day 4 6.2 ± 1.5
11 Day 11 9.4 + 1.5
6 Day 39 10.5 ± 1.9

"Woodruff et al. (1974).
^Results are expressed as the log2 reciprocal of the antiserum
end point dilution.
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the optimal dose levels and time intervals between injections remain to be
defined.

We can make no striking claims with regard to regression or control of tumor
growth in this small and heterogeneous group of patients. In one male with
secondary brochogenic carcinoma (already discussed), there may have been some
beneficial effect in the year since treatment; in one female with extensive
malignant local ulceration of the chest wall following mastectomy for mammary
carcinoma, there was an apparent arrest of growth for 7 months. It is apparent
that a larger series of patients treated over a longer period of time with careful
follow-up will be necessary before any precise statement regarding beneficial or
harmful effects can be made. The results of this preliminary study suggest that
such an extension of the trial is now justified.

Summary

Following a series of investigations which demonstrated the inhibitory effect
of the injection of suspensions of killed Corynebacterium parvum on the growth
of experimental tumors in mice, a cautious clinical trial of this material was
started in Edinburgh in January 1973. The aims of the trial were to determine
toxicity in man and to assess the effects on tumor growth. Thirty patients have
been treated, 20 suffering from bronchogenic carcinoma, 6 from malignant
melanoma, and 4 from mammary carcinoma.

Two therapeutic protocols have been followed. The first group of 22
patients received a single intravenous injection of a formalin-killed C. parvum.
Because of toxic reactions which led to the stopping of the infusion, the dose
administered varied from 15 mg to 47.6 mg.

More recent patients have received a standard dose of 20 mg given intra¬
venously over the course of one hour. This group includes both patients with
significant residual tumor, and the first 10 patients in a randomized trial of C.
parvum following resection of bronchogenic carcinoma.

All patients receiving intravenous injections of C. parvum developed pyrexial
reactions, either during or within 2-3 h of the start of infusion.

Response of the patients has been followed by investigations on peripheral
blood samples, investigated by routine hematological observations, serum protein
levels, and responses to mitogens. Assays of anti-C. parvum antibodies have
shown a significant background titer of antibody in all patients and in normal
controls, with marked rise in titer following C. parvum infusions.

No striking claims can be made in terms of regression or control of tumor
growth in this small and heterogeneous population. It is apparent that a larger
series of patients treated over a longer period of time with careful follow-up will
be necessary before any precise statement regarding beneficial or harmful effects
can be made.
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Summary.—Detailed serological studies have been undertaken in a small group of
cancer patients receiving nonspecific immunotherapy with Corynebacterium parvum
(C. parvum). These patients included 4 cases of recurrent malignant melanoma, 2 of
stomach cancer and 2 of recurrent breast cancer. They all received an initial i.v.
infusion of 20 mg of aformol killed suspension of C. parvum followed by 2 mg (i.m.)
at weekly intervals for 10-11 weeks.

This protocol consistently resulted in an increase in the circulating IgG levels of
all patients but had a variable effect on their IgA, IgM and IgE levels. Increases in
the concentration of all 4 IgG subclasses contributed to the overall increase in IgG
levels and these changes ranked IgG2>IgGl>IgG3 IgG4. It also had an in¬
consistent effect upon the levels of a-macroglobulin in pregnancy but the levels of
normal serum a2-macroglobulin were virtually unchanged.

Pre-existing antibodies to C. parvum were noted in all the patients. Titres rose
appreciably following C. parvum administration and remained at high, though
fluctuating levels, throughout the 100-day period of observation. Absorption
studies suggested that the development of antibodies to C. parvum accounted in part
for the increased IgG levels noted following this form of therapy. The significance
of these changes in relation to the possible anti-tumour effect of C. parvum is discussed.

During recent years, considerable
interest has been shown in the use of
adjuvants such as BCG for specific and
nonspecific immunotherapy of tumours in
man (for example, Morton et al., 1970;
Mathe et al., 1973; Gutterman et al., 1973).
Our own attention has been focussed upon
the possible clinical value of formol killed
suspensions of C. parvum. Detailed
studies undertaken in mice have demon¬
strated convincingly that these pre¬
parations can inhibit the growth of
transplanted syngeneic tumours of both
chemical and viral origin (Woodruff and
Boak, 1966; Halpern et al., 1966; Wood¬
ruff and Dunbar, 1973). On the basis of

the experience gained in animal tumour
systems, we have recently administered
C. parvum to a limited number of cancer
patients with poor prognosis. Although
it is still too early to assess the clinical
value of the treatment used, we report in
the present paper the results of detailed
serological studies we have undertaken in
some of these patients, not only because
they are of some fundamental importance
but also as a guide to other investigators
in this field.

During these studies we have deter¬
mined the effect of repeated C. parvum
administration on the levels of immuno¬

globulin classes and other serum proteins.
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Furthermore, because the IgG subclasses
(namely IgGl, IgG2, IgG3 and IgG4)
differ widely in their in vitro and in vivo
properties (Spiegelberg, 1974), including
their capacity to block the cell mediated
destruction of tumour cells in vitro (Jose
and Skvaril, 1974), we have also investi¬
gated the effect of C. parvum therapy upon
individual IgG subclass levels. As far as
we are aware, the present results are the
first reporting the effects of any form of
immunotherapy on subclass levels. Finally,
we have also monitored the patients' sera
for antibodies to C. parvum and have
attempted to assess the relevance of these
to the immunoglobulin changes.

MATERIALS AND METHODS

The 8 patients studied comprised 2 with
locally recurrent breast cancer following 3-4
years after simple mastectomy and radio¬
therapy (G.W. and E.B.); 4 with malignant
melanoma who, 9 months to 9 years after the
initial tumour, had extensive lymph node
involvement, local recurrence or multiple
subcutaneous metastases, or some combin¬
ation of these (M.S., M.F., R.B., A.J.); and 2
with carcinoma of the stomach with extensive

lymph node involvement who were treated by
gastrectomy 9 days (E.P.) and 21 days (J.J.)
previously. Clinical data concerning these
and other patients treated with C. parvum
will be reported fully in due course.

The serum protein levels observed before
therapy are recorded in Table I. With the
exception of G.W. (see later), all patients
received an initial i.v. infusion of 20 mg of a
formol killed suspension of C. parvum
followed by 2 mg (i.m.) at weekly intervals for
10-11 weeks. The C. parvum used (CN6134
Batch EZ174) was supplied by the Wellcome
Research Laboratories, Langley Court,
Beckenham. To minimize the febrile
reactions which often follow i.v. adminis¬
tration of C. parvum (Woodruff et at., 1974a),
the patients also received aspirin. On one
occasion (patient M.S.) the administration of
C. parvum was temporarily suspended for 2
weeks because of the appearance of a skin
rash. One patient (G.W.) had received a
single i.v. infusion of 47-6 mg of C. parvum
some 5 months before commencing the
weekly course of intramuscular injections.

The serum samples for analysis were always
obtained immediately before each C. parvum
injection and were stored at — 20 °C before
assay.

The IgM, IgA, IgG, IgG subclass and
a2M levels in the sera were determined by the
Mancini radial immunodiffusion technique
(Mancini, Carbonara and Heremans, 1965).
A complete range of standards was included
on every plate and all the test samples were
assayed in duplicate. The antisera to IgG,
IgA and IgM were purchased from Wellcome
Reagents Ltd, Langley Court, Beckenham,
while the antiserum to a2M was produced in
our own laboratory as previously described
(Tunstall et at., 1975). The IgG, IgA and
IgM reference standards were obtained from
Hoechst Pharmaceuticals, Hounslow, while
the «2M standard was purchased from
Melloy Laboratories, Springfield, Virginia,
U.S.A. The preparation and properties of
the antisera to the IgG subclasses and the
standard antigens used in their assay are
fully described elsewhere (Shakib et at., 1975).

The IgE levels were determined by a
radioimmunoassay procedure employing the
Phadebas IgE test kit (purchased from
Pharmacia G.B. Ltd, London). This assay
was performed according to the manu¬
facturer's instructions.

The pregnancy a-macroglobuliii levels
were determined by an immunoassay pro¬
cedure employing antibody-enzyme con¬
jugates. This procedure has been described
in detail elsewhere (Stimson and Sinclair,
1974).

Antibodies to C. parvum were measured in
the sera by a latex agglutination test (Wood¬
ruff, McBride and Dunbar, 19746). The
results are expressed as log2 reciprocal of the
end point dilution. In certain instances sera
were fractionated on Sephadex G-200
columns and the presence of antibody
activity in the 19S, 10S, 7S and 4-5S peaks
was assessed by the same technique. On
other occasions, dilutions of sera (see Tables
II and III) were absorbed at 37 °C for 30 min
and overnight at 4 °C (X 3) with one-tenth of a
volume of packed C. parvum organisms.
Anti-G. parvum titres, IgG and IgG subclass
levels were measured before and after

absorption to give some indication of the
amount of IgG which was anti-C. parvum
antibody.

Screening for antinuclear factors was
performed by the qualitative rapid slide test
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TableI.—TheSerumProteinLevelsinTumourBearingPatientsbeforeC.ParvumTherapy Totalf

Preg.

Patient

Age

Sex

Diagnosis

IgG

IgGl

IgG2

IgG3

IgG4

IgA

IgM

IgEJ

u2M

ot2M

M.F.

40

FI

I

1076

986

525

84

Nonedetected
145

218

92

324

23-5

A.J.

44

F

Malignant

1255

986

525

54

40

119

93

32

255

7-6

R.R.

49

Mi

melanoma

1454

1276

525

134

32

190

110

21

343

0-9

M.S.

68

FJ

!

1291

1044

175

27

127

87

91

3

331

4-0

E.B.

75

F1

ICarcinoma

794

522

362

45

32

138

86

38

324

7-5

G.W.

60

Fj

Iofbreast

949

754

575

45

40

282

100

56

266

13-8

J.J.

66

m1

ICarcinoma
1366

986

412

60

191

316

31

136

298

4-3

E.P.

47

Fj

l"ofstomach
1027

615

175

67

139

112

217

64

288

7-5

*SamplesobtainedimmediatelybeforeinitialC.parvuminjection. tNotethatfortechnicalreasonsthetotalIgGlevelsobtainedbysummingtheindividualsubclasslevelsgenerallyexceededthetotalIgGlevel estimateddirectlybygeldiffusion. JIgElevelexpressedininternationalunits.Allothervaluesexpressedasmg/100ml.
Ch

g H
ui
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Table II.—The Effect of Absorption of Patients' Sera with C. Parvum Upon IgG Levels
IgG before* IgG after Percent Pre-trial*

Patient Time of sample absorption"'" absorption decrease IgG
P.K.t Pre-bleed 922 764 17 .—

P.K. Pre-bleed 1031 812 19 —

E.P. Pre-bleed 1375 1161 16 1027
S.C. Day 21 988 549 44 538
.T.J. Day 27 1853 1490 20 1366
R.R. Day 28 1967 1509 23 1434
M.F. Day 28 1595 1003 37 1076

* IgG expressed as rag/100 ml.
f Sera were absorbed 3 times at a 1 : 10 dilution with a 1:10 volume of packed organisms. Absorption

was carried out at 37 °C for 30 min and overnight at 4°C.
i Patient P.K. was a control.
Note: All anti-C. parvum titres after absorption were <log22 AB titre by the agglutination test.

(Hyland, California) while the presence or
absence of rheumatoid factor was established
by the latex slide test (Hoechst Pharma¬
ceuticals, Hounslow, England). Sera positive
in the latex slide test were further examined
by the Rose-Waaler procedure employing
sensitized sheep cells (Cruickshank, 1969).

RESULTS

The effect of C. parvum therapy on the
levels of serum immunoglobulins and other
proteins is illustrated in Fig. 1—10. In all
the figures the protein levels have been
expressed as a percentage of the value
observed immediately before therapy
(Table I). For ease of presentation, we
have plotted only the changes noted
during the initial 50 days following
commencement of therapy, hut in general
a similar pattern was apparent over the
entire period of observation (70-128
days).

In all cases, the administration of
C. parvum was accompanied by an increase
in the serum IgG level (Fig. 1). This
increase was often apparent within 2

'
weeks of the initial C. parvum injection
and the levels generally remained elevated
throughout the period of treatment. On
occasions, the IgG levels increased to
almost twice the pretreatment value (see
E.B.). The effect of C. parvum on the
levels of other immunoglobulins was less
consistent. While the IgA levels in the
melanoma patients were essentially un¬
changed, marked increases were noted in
both stomach cancer patients and one of

0 10 20 30 (0 50
DAY

Fig. 1.—Percentage change in serum IgG
levels inC.parvum treated patients (multiple
injections). Note that in all patients there
was an appreciable increase in IgG levels.

the patients with breast cancer (Fig. 2).
On the other hand, elevated IgM levels
were observed in 2/4 of the melanoma
patients and the 2 stomach cancer
patients, but not in the 2 patients with
breast cancer. The observations that the
increases in IgM levels did not necessarily

MELANOMA
-A-Ar- BREAST CANCER
-M- STOMACH CANCER

A--
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TableIII.—TheEffectofAbsorptionofPatients'SerawithC.ParvumUponIgGSubclasshevels
Patient E.B. E.B. E.P. E.P. M.S.

Timeof sample Pre-bleed Day42 Pre-bleecl Day42 Day42

IgGl*

IgG2

IgG3

IgG4

Before 370J 460 460{ 500 1020

Aftert 420 510 405 460 835

ChangeTf 0 0

12

8

18

Before

After

Change

Before

After

Change

Before

After

Change

250

250

0

38

38

0

trace

17

0

500

410

17

48

42

0

29

29

0

216

160

26

58

48

17

87

78

10

550

276

50

94

71

25

130

98

25

226

190

16

42

28

33

156

107

31

1:10volumeofpackedoi
•ganisms.

Absorption
wascarriedoutat37
°Cfor30
minand

*IgGsubclasslevelsexpressedasmg/100ml. tSerawereabsorbed3timesata1:2dilutionwil overnightat4°C. %NotethatthepretreatmentsubclassvaluesexpressedinthisTableareusuallylowerthanthoseshowninTableI.Thisisprobablyduoinpart
totheuseofdilutedseraintheassaysandvariationsbetweenassays.Inordertocompensateforthelatter,allthesubclassassaysinanypatients wereundertakenatthesametime. Percentagedecrease. Note:Allanti-0.parvumtitreswere<log22ABtitrebytheagglutinationtest.
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+

Fig. 2.—Percentage change in serum IgA
levels in C. parvum treated patients (multiple
injections). Note that the levels remained
fairly constant in melanoma patients but
were markedly elevated in both stomach
cancer patients and one patient (E.B.) with
breast cancer.

occur in the first 2 weeks of therapy and
that they were generally transient in
nature and could sometimes be followed by
a sharp decline (see J.J. and M.S., Fig. 3)
were particularly interesting.

The IgE levels showed an initial early
increase in 4/7 patients but in all cases
this was followed by a decline. Indeed,
in 4 cases the IgE levels had fallen well
below their pretreatment values within 7
weeks of commencing therapy (see M.F.,
E.P., E.B. and J.J., Fig. 4). It should be
noted that the IgE levels in patient M.S.
were less than 4 I.U. in 7/8 assays per¬
formed on serum samples obtained within
7 weeks of commencing therapy.

The effect of C. parvum therapy upon
IgG subclass levels is shown in Fig. 5-8.
The IgGl subclass level increased (29-
78%) in all patients except R.R. (Fig. 5)
although in 3 patients (M.F., A.J. and

+

DAY

Fig. 3.—Percentage change in serum IgM
levels in C. parvum treated patients (multi¬
ple injections). Note the transient and
marked changes in some patients, e.g. J.J.,
M.S. and E.P.

G.W.) this was transient. The effect on
the IgG2 subclass was more dramatic and
lasting (Fig. 6). The levels of this
protein were increased in all patients and
in 3 individuals more than doubled.
Changes in IgG3 and IgG4 levels were
less marked, increases greater than 25%
being observed in only 3 and 2 patients
respectively (Fig. 7, 8).

The C. parvum protocol had a variable
effect on the levels of the 2 a-macro-

globulins studied. In general, the serum
a2M levels were largely unchanged (Fig. 9),
this in itself being a good indication that
the changes observed in the levels of other
serum proteins were probably not due to
haemoconcentration or haemodilution.
In contrast, however, variations in preg¬
nancy aM levels were noted (Fig. 10). In
5/6 cases there was an initial decline in the
level of this protein, followed by a return
to pretreatment values in 3 patients, a
marked increase in 2 melanoma patients
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+

DAY

Fig. 4.—Percentage change in serum IgE
levels in C. parvum treated patients (multi¬
ple injections). Note the initial increase in
certain patients (e.g. J.J.) followed by a
marked decline at later stages (e.g. J.J.).

(M.S., M.F.) and a decline in the third
patient (R.R.).

All the patients investigated had pre¬
existing antibodies to C. parvum (see
Fig. 11). The levels observed were
comparable with those noted in a panel of
46 normal donors (23 male and 23 female)
aged 51-60 years (mean loggRl s.d.=
5- 8R0- 9). The very high levels noted in
patient G.W. were undoubtedly attribut¬
able to prior treatment with C. parvum.
Examination of Sephadex G-200 fractions
of pretreatment sera indicated that the
pre-existing antibodies could be 19S (see
M.S., Fig. 12), 7S (see J.J.) or both (see
R.R.). Appreciable increases in antibody
titre occurred within 2 weeks of com¬

mencing therapy, to reach an initial peak
titre at 4 weeks (see Fig. 11). Despite
repeated i.m. injections, titres tended to

+

DAY
Fig. 5.—Percentage change in IgGl levels in

C. parvum treated patients. Note that in
all but one patient (R.R.) the IgGl level
increased after the initiation of G. parvum
therapy. In certain patients this increase
was transient (A.J., M.F. and G.W.).

fall slightly after the initial peak and in
most cases continued to rise and fall in a

cyclical manner with a long but uncertain
periodicity. The antibodies evoked were
again of either the 19S or 7S class (Fig. 1 2).
It shoidd also be noted that the response
of certain patients were rather poor (e.g.,
A.J., J.J. and M.S.).

The absorption of sera with C. parvum
resulted in an appreciable decrease in the I
overall IgG levels (Table III) and also
affected the levels of individual IgG
subclasses (Table III). As was to be
expected, this decrease was most apparent
in sera obtained following the commence¬
ment of therapy. These results suggest
that the development of antibodies to
C. parvum contributes to an appreciable
extent to the increased IgG and IgG
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DAY

Fig. 6.—Percentage change in IgG2 levels in
C. parvum treated patients. Note that the
level of this protein increased in all patients
and in certain instances the level more

than doubled (see M.S., E.B. and E.P.).

subclass levels noted following treatment
with this agent.

Our preliminary results also indicate
that the protocol used did not result in
gross production of antinuclear and
rheumatoid factor. In all 8 patients,
sera obtained within 28 days of com¬
mencing therapy proved negative in the
antinuclear factor slide test. However, a
19S rheumatoid factor-like substance was

detected by the latex slide test in the sera
of one patient (M.F.) on Days 7 and 14.
This, however, had disappeared by Day
28. Because of this observation, we also
examined the sera from 6 other patients
(not included in this study) who had
received C. parvum. Similar positive
findings were observed on Days 7 and 14 in
2 of these patients. These also reverted

+

DAY

Fig. 7.—Percentage change in IgG3 levels in
C. parvum treated patients. Note that
while increased levels of this protein were
noted at some time during the period of
observation they exceeded 25% the pre-
treatment value in only 3 patients (M.S.,
E.P. and J.J.).

to being negative by Day 28. The sera
from these positive patients were
examined by the Rose-Waaler Test. All
titres increased initially from 1:5 to 1 : 30
and subsequently declined. Finally, one
of the additional 6 patients was positive by
the latex test before and after treatment.
However, during this time his Rose-
Waaler titre remained unchanged at 1 : 5.

DISCUSSION

The results presented demonstrate
that the administration of C. parvum to
patients with cancer resulted in appreci¬
able increases in their circulating IgG level
and had a variable effect upon the level of
other immunoglobulins, an observation
previously noted by others in 4 melanoma
patients receiving BCG therapy (Chess
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Fig. 8.—Percentage change in IgG4 levels in
C. parvum treated patients. Note that the
levels of this protein increased above 20 %
in only 2 patients (E.B. and J.J.). In
one patient (M.F.) only trace levels of IgG4
were detected.

et al., J973). In addition, it resulted, as
might be expected, in the development of
high levels of antibodies to C. parvum.

The marked increase in IgG levels, in
particular of the IgG2 subclass shown in
these studies, is of interest as it would
seem reasonable to postulate that the
therapeutic value of this form of treatment
may be influenced by changes in subclass
production. The IgG2 subclass is rela¬
tively ineffective at fixing complement by
the direct pathway and does not readily
bind to monocytes or macrophages, and is
therefore probably not too effective at
promoting opsonization (see Spiegelberg,
1974). From this point of view, its
preferential elicitation by C. parvum
would appear to be of little advantage to
any tumour control mechanisms involving
cytolysis or opsonization of tumour cells.

+

DAY

Fig. 9.—Percentage change in serum a2M levels
in C. parvum treated patients (multiple
injections). Note that these remain fairly
constant throughout the period of obser¬
vation.

In this respect it is interesting to note that
in vitro studies in murine systems strongly
suggest that the anti-tumour effect of
C. parvum is exerted through macrophages
(Olivotto and Bomford, 1974; Ghaffar
et al., 1974; Ghaffar, Cullen and Woodruff,
1975). On the other hand, Jose and
Skvaril (1974) have recently shown that
the antibodies in patients' sera which
blocked the cell mediated cytolysis of
autochthonous neuroblastoma cells were

localized in the main in the IgG I and
IgG3 subclasses and present in small
amounts in the IgG4 subclass but absent
from the IgG2 component. While Jose
and Skvaril comment that this may
simply reflect a failure of tumour to elicit
IgG2 antibody, it is still conceivable that
C. parvum immunotherapy might favour
a switch away from the production of
blocking tumour antibodies and this could
be of benefit to the host.

The effects of C. parvum noted in the
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Fig. 10.—Percentage change in serum preg¬
nancy aM levels in C. parvum treated pat¬
ients (multiple injections). Note that in
some patients the levels increased dramati¬
cally (e.g. M.S., M.F.) while in others they
showed a marked decline.

present study are somewhat different
from those observed following the treat¬
ment of normal or tumour bearing mice
with this reagent (James, Willmott,
Milne and McBride—in preparation). In
normal CBA mice a single i.p. injection of
1 • 4 mg C. parvum results in a significant
increase in the JgG2b subclass alone (this
subclass is the mouse homologue of human
IgG3). Depressed levels of IgM, IgA,
IgGl, IgG2a and 2b were observed in all
mice bearing transplanted syngeneic
methylcholanthrene induced fibrosarco-
mata. However, the administration of
C. parvum 3 days after tumour cell
transplantation resulted in the IgG2b
level being elevated to values much
higher than observed in normal control
mice while all the other immunoglobulins
rose to normal levels. Thus, in the
mouse the major effect of the C. parvum
protocol used was on the opsonizing and
complement fixing IgG2b subclass
(Spiegelberg, 1974). Further studies on
the immune response of mice to SRBC
(Warr and James, 1975) confirmed that
C. parvum had a marked stimulatory
effect on the production of IgG2b secreting
plaque forming cells while suppressing the

Fig. 11.—Anti-U. parvum responses in C. parvum treated patients (multiple injections). Log2 Ab
titres were measured by the end point of agglutination. Note that all patients had background Ab
titres (Day 0) before injection and that the levels increased dramatically following treatment and
seemed to fluctuate. # Melanoma; —A A breast cancer; — ■ B - stomach
cancer.
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Fig. 12.—Immunoglobulin class of the anti-C. parvum responses in C. parvum treated patients.
Log2 anti-C. parvum titres of Sephadex G-200 fractions of patients' sera were measured. Day 0 =
pre-bleecl sample. Note that the pre-existing antibodies could be 19S (e.g. M.S.), 7S (e.g. J.J.) or
both (e.g. R.R.) and that following injection the response could be in the 19S and 7S fraction or
both. —#—#— Melanoma; —■—■ — stomach cancer.

more thymus dependent IgGl response
(mouse IgGl is the homologue of human
IgG2). It is appreciated, however, that
the somewhat diverse effects of C. parvum
noted in man and mouse may reflect
differences in treatment protocols as well
as species variations.

The estimation of total IgG and
individual IgG subclass levels in patients
sera before and after absorption with
C. parvum indicated that increases in total
IgG and individual IgG subclasses were
attributable in part to the development of
specific antibodies to C. parvum.
Although these absorption studies are
only preliminary, the observation in
2 of 3 sera examined that the major
effect of absorption was on the IgG2
subclass level is of interest to previous
observations in man that the antibodies
elicited following challenge with carbo¬
hydrate antigens are predominantly
associated with this subclass (Yount et al.,
1968). Thus, the marked increase in
IgG2 noted in the present study might
also represent a preferential subclass
response to the antigenic polysaccharide
component of C. parvum (Dawes, Tuach
and McBride, 1974) but absorption studies

will be necessary to establish this possibil¬
ity. Furthermore, because of possible
nonspecific absorption effects, we cannot
exclude the possibility of "nonspecific" IgG
synthesis that could follow lymphoid (or
more specificallyB) cellhyperplasia induced
by C. parvum. Such a response has been
suggested to occur following the adminis¬
tration of some antigens as well as other
immunopotentiating agents (Humphrey,
1963; Moticka, 1974). The absence of
marked changes in autoantibody levels
and the levels of pre-existing antibodies to
heterologous red cells and a panel of
common Esch. coli 0 antigens (personal
observations) tends to argue against the
stimulation of pre-existing clones by
C. parvum as contributing to a general Ig
increase; however, further work is required
to clarify this potentially important issue.

At the present time we have no
satisfactory explanation for the inconsis¬
tent changes noted in the levels of IgA,
IgM and IgE. While in the present
studies the IgE levels showed a transient
increase in a number of patients (for
example, J.J.), it should be stressed that
in one patient (not included in the present
study) with bronchogenic carcinoma a
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single i.v. injection of 46-8 mg of C.
parvum resulted in a 90-fold increase in
IgE levels. Subsequent investigations
revealed that this patient had a history of
allergic asthma, indicating that the
monitoring of IgE is both advisable and
informative. The observation that C.
parvum caused an increase in the IgA
levels of both stomach cancer patients and
one breast cancer patient, but was
without effect in the 4 melanoma patients
studied, is of interest and requires further
investigation.

The significance of the marked differ¬
ences in the initial levels and subsequent
variations of pregnancy aM, remain to be
established. However, detailed studies
in other patients with tumours (W. H.
Stimson, unpublished) suggest that
increases in pregnancy aM are indicative of
tumour growth and metastases, whereas a
fall in the levels is suggestive of tumour
regression.

The presence of high levels of pre¬
existing antibodies to C. parvum and their
marked increase following challenge with
this organism has previously been ob¬
served in mice (Woodruff et al., 1974b).
This observation, together with in vitro
studies indicating that C. parvum may
activate both the classic and alternate

pathways of complement (McBride et al.,
1975), may account for some of the side-
reactions associated with the adminis¬
tration of this material and emphasizes the
importance of monitoring the level of
these antibodies.

Another interesting point to arise from
this study was that from the limited
results we have to date, albeit using
relatively insensitive tests, the risk
of autoreactivity may not be as great as
might have been expected from animal
experiments (McCracken, McBride and
Weir, 1971; Cox and Keast, 1974;
McBride, Jones and Weir, 1974). Never¬
theless, the observation that rheumatoid
factor-like substances may appear trans¬
iently in C. parvum treated patients
highlights the importance of monitoring
the serum of adjuvant treated patients for

autoantibodies. In this respect, the use
of more sensitive procedures than used in
the present study would be desirable, e.g.
the fluorescence procedure for antinuclear
factor.
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This study used the leucocyte adherence inhibition test, which we

lad used extensively as a measure of tumour-specific cell-mediated

nmunity in animals and in man, as a measure of such activity in patients

receiving chemotherapy a/one or a combination of chemotherapy and
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SUMMARY

The leukocyte adherence inhibition test was used to mon¬
itor tumor-specific cell-mediated immunity in 15 patients
who had a variety of malignant tumors and were undergoing
chemotherapy alone or in combination with immunotherapy
by Corynebacterium parvum.
A rapid and prolonged loss of cell-mediated immunity in

blood leukocytes was observed after treatment in all but one
of the patients studied. Abolition of reactivity was due to the
lack of production of the soluble lymphokine-like factor
affecting leukocyte adherence to glass. A new phenomenon
of adherence stimulation by antigen, also mediated by a
soluble factor, was observed after treatment in some pa¬
tients.
A drop in titer or total abrogation of serum blocking

factors occurred in six of six patients tested following
chemotherapy or immunotherapy. The lowered levels of
blocking activity persisted during treatment and, with the
possible exception of one patient, were not correlated with
clinical benefit.

INTRODUCTION

Considerable interest has recently been expressed in the
combination of chemotherapy and immunotherapy (usually
referred to as chemoimmunotherapy) in the treatment of
malignant tumors in man (16, 23, 33). Combinations of
chemotherapeutic agents with an immunostimulant such as
Bacillus Calmette-Gu6rin, C. parvum, or levamisole are su¬
perior to treatment with either alone (6, 9, 15, 23, 24, 32).
All drugs used in chemotherapy exert at least some immu¬

nosuppressive effect (1). However, such drug-induced mod¬
ulations of the immune response may be selective in experi¬
mental animals. For example, cyclophosphamide de¬
pressed anti-tumor-blocking factors in serum but not antitu¬
mor cytotoxicity of lymph node cells or peripheral blood
leukocytes (36). Cyclophosphamide, 1-/3-D-arabinofurano-
sylcytosine, and a combination of 5FU3 and methotrexate
enhanced delayed-type hypersensitivity responses by de¬

1 This investigation was supported by the Anti-Cancer Council of the
Queensland Cancer Fund and the Cancer Research Fund of the University of
Queensland.

2 To whom requests for reprints should be addressed, at Department of
Surgery, Princess Alexandra Hospital, Woolloongabba, Queensland 4102,
Australia.

3 The abbreviations used are: 5FU, 5-fluorouracil; T-cell, thymus-derived
lymphocyte; LAI, leukocyte adherence inhibition; DTIC, imidazole-4-carbox-
amide, 5-(3,3-dimethyl-1-triazeno); i.a., intraarterial.

Received December 6, 1976; accepted April 28, 1977.

creasing humoral antibodies that were antagonistic to cell-
mediated reactions (11, 13, 27). Systemically administered
C. parvum, although a potent reticuloendothelial stimulant
19) and an effective antitumor agent in animals (37) and hu¬
mans (25), depressed T-cell-dependent immunity (4, 22) and
had an adjuvant effect on non-thymus-derived lymphocyte
function (19, 22). The route of administration appears to be
important in demonstrating these effects (33).
It is obvious, therefore, that agents used in cancer ther¬

apy may have diverse effects, some of them undesirable.
There is thus a clear need to monitor both cell-mediated

immunity and humoral factors that may interfere with this
immunity, particularly as related to tumor antigens, in pa¬
tients undergoing chemotherapy or immunotherapy.
Immune responses related to tumor-associated antigens

have previously been monitored during therapy, and in
some cases correlations have been found between in vitro
determinations and clinical status (10, 28, 31, 34). However,
the technique of lymphocyte cytotoxicity used in such in¬
vestigations has been criticized for lack of specificity, and
data obtained from individual patients may be difficult to
interpret (7, 20).

In this study, tumor-specific parameters of immunity were
monitored with the LAI test during the course of chemother¬
apy and immunotherapy in 9 patients with melanoma, 4
patients with colon carcinoma, 1 patient with gastric carci¬
noma, and 1 patient with osteogenic sarcoma. The LAI test
has previously been used to determine specific cell-me¬
diated immunity in blood leukocytes and specific serum
blocking factors in a variety of human tumors (17, 18).

MATERIALS AND METHODS

Patients

Details of the patients are recorded in Table 1, together
with the treatments administered. These patients were
tested on an average of 4 to 5 occasions, and selected data
are presented below.

LAI Test

The methods are based on those previously published
(17, 18, 29).
Leukocytes. Twenty ml of blood were collected by veni¬

puncture; 15 ml were mixed with approximately 500 units of
heparin in a glass bottle and allowed to sediment under
gravity at 37°. The leukocyte-rich plasma was removed by
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Table 1

Details of patients studied and treatments given
Age

Patient Sex (yr) Tumor Previous therapy
Pretreatment condi

tion Therapy Response
J. A. M 24

T. H. M 35

K. M. M 27

O6 F 31

F. R. F 55

E. S. M 59

J. W. M 28

A. Y. M 69

B. R. M 23

V. B. F 64

G. C. F 49

M. H. F 54

D. T. M 39

P. T. M 70

6Q F 13

Melanoma

Melanoma

Melanoma

Melanoma

Melanoma

Melanoma

Melanoma

Melanoma

Melanoma

Wide excision
block dissection

Wide excision
block dissection

Wide excision
block dissection

and

and

and

Carcinoma
of colon

Carcinoma
of colon

Carcinoma
of colon

Wide excision
block dissection

Wide excision
block dissection

Hemicolectomy

and

and

Laparotomy

Carcinoma
of

appendix
Carcinoma
of
stomach

Osteogenic
sarcoma

Right hemicolectomy

Amputation

Disseminated
disease

Disseminated
disease

Disseminated
disease

Wide excision;
craniotomy

Wide excision and
block dissection

Disseminated
disease

Disseminated
disease

Wide excision and
block dissection;
amputation

Wide excision and
block dissection

Disseminated
disease

Disseminated
disease

Disseminated
disease

Disseminated
disease

Extensive i.p.
spread

Disseminated
disease

Disseminated
disease

Disseminated
disease

No apparent
metastasis

C. parvum; 5FU

DTIC; Melphalan

C. parvum\ 5FU;
DTIC

DTIC

C. parvum-, DTIC;
cyclophospha-
nide

C. parvum\ DTIC;
Melphalan

C. parvum-, DTIC;
radiotherapy

C. parvum

C. parvum; DTIC

5FU

5FU

C. parvum -, 5FU

Peritoneal spread 5FU

C. parvum -, 5FU

Methotrexate

Nil; died after 3 mos.

Partial regression; alive at
5 mos.

Partial regression with
later extension; alive at 8
mos.

No change in lesions; alive
at 5 mos.

Nil; died after 5 mos.

Initial regression, but later
extension; died after 11
mos.

Initial regression, but later
extension; alive at 8
mos.

Died after 6 mos.

Well at 1 mo.

Nil; died after 2 mos.

Nil; died after 4 mos.

Initial regression, but later
extension; died after 8
mos.

? complete regression;
alive at 9 mos.

Nil; died after 3 mos.

Well at 6 mos.; free from
disease

Pasteur pipet into plastic tubes and centrifuged at 200 x g
for 5 min. The cell pellet was suspended in 1 ml of 0.15 m
NH.,CI at room temperature for 5 min to lyse erythrocytes; 4
ml of Eagle's basal medium, containing 10% fetal calf serum
and 0.28 mg of sodium bicarbonate (Commonwealth Serum
Laboratories, Melbourne, Australia) per ml, were then
added, and the cells were washed twice by centrifugation.
The final cell concentration was adjusted to 1 x 107 leuko¬
cytes/ml.
Serum. The remaining 5 ml of blood were allowed to clot,

and the serum was collected. Serum samples were kept at
-20°. Control sera were obtained from healthy laboratory
staff members.

Tumor Extracts (Antigens). Tumor tissue, either fresh or
stored at -50°, was chopped finely, passed through a stain¬
less steel mesh, and homogenized in 4 volumes of cold
phosphate-buffered saline (equal parts of 0.9% NaCI solu¬
tion and 0.15 m potassium phosphate solution, pH 7.4) in a
motor-driven glass homogenizer (B. Braun Apparatebau,
Melsungen, West Germany). The homogenate was centri¬
fuged in the cold, first at 1,000 x g for 30 min and then at
20,000 x g for 30 min. The resulting clear supernatant was
frozen and thawed, briefly centrifuged, and stored in 0.1-ml
aliquots. Six melanoma extracts, 3 colon carcinoma ex¬

tracts, 1 extract of gastric cancer, and 1 extract of osteo¬
genic sarcoma were used in this study. LAI reactivity was
monitored by testing leukocytes against extracts of their
own tumor type, but autologous systems were not used.
Method of Direct LAi Test. Duplicate mixtures were set

up as follows in plastic tubes: control, 0.10 ml (1 x 106 cells)
of leukocyte preparation, 0.05 ml of medium, and 0.05 ml of
normal serum; reactivity, 0.10 ml of leukocyte preparation,
0.05 ml of tumor extract (diluted 1/5 in medium), and 0.05
ml of normal serum; blocking, 0.10 ml of leukocyte prepara¬
tion, 0.05 ml of tumor extract (diluted as above), and 0.05 ml
of test serum.
The tubes were incubated with intermittent shaking for 30

min at 37° in a water bath. The mixtures were then intro¬
duced with a Pasteur pipet into hemacytometer chambers
and incubated in a humid atmosphere for 1 hr at 37°.
Method of Indirect LAI Test. The mixtures were made up

as for the direct LAI test, but at the end of the 1st incubation
the tubes were centrifuged (1000 x g for 5 min). The super-
natants were removed and stored at -20°. For determina¬
tion of the activity of these supernatants, mixtures of 0.1 ml
of supernatant and 0.1 ml (1 x 106 cells) of a suspension of
normal mouse peritoneal cells were incubated in plastic
tubes at 37° for 30 min. These mixtures were then intro-
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duced into hemacytometers as for the direct LAI test. It was
necessary to assay the supernatants within 2 weeks of prep¬
aration and not to freeze and thaw them more than once if

activity was to be retained.
Counting. Cells were counted in a pattern of 5 squares in

the RBC area on each side of the hemacytometer, with a
total of 20 squares for each determination. The coverslip
was then floated off the slide by slowly immersing it in a 15-
cm 0.9% NaCI solution-filled Petri dish. The hemacytometer
was removed from the dish and held vertically by 1 hand
while being immersed in a 200-ml beaker of 0.9% NaCI
solution. It was then removed, inverted, reimmersed, re¬

moved, and placed on the bench; a drop of 0.9% NaCI
solution was placed on each counting area, and a coverslip
was gently lowered into place. The remaining adherent cells
were counted in the same squares as for the 1st count. The
mean percentage of adherence (± S.E.) for pairs of hema¬
cytometers was calculated from the percentage of adher¬
ence of each of the 20 squares. Student's t test was used to
obtain the degree of significance of differences between
means.

Reactive ( + ) leukocytes had a significantly lower adher¬
ence (p < 0.05) in the presence of antigen extract and
normal serum than in control mixtures without antigen.
Nonreactive (0) leukocytes showed an adherence not sig¬

nificantly different in the presence or absence of antigen,
with normal serum.
Adherence stimulation (-) was recorded when the leuko¬

cyte adherence in the presence of antigen increased signifi¬
cantly compared to the control value.
Serum blocking was determined by comparing adher-

ences in the presence of antigen and normal serum and in
the presence of antigen and test serum. A significantly
greater adherence in the presence of test serum indicated
the presence of serum blocking factors. Blocking was not
usually measured with autologous cells.
Blocking titers were determined by testing 4-fold dilutions

of test serum, diluted in normal serum. The highest dilution
giving significant blocking was designated the blocking
titer. Specificity of blocking activity in sera was determined
with leukocytes and antigens from patients with unrelated
tumors.

Coding of Samples. All LAI tests, including direct, indi¬
rect, and blocking assays, were performed with coded mix¬
tures. Up to 5 subjects/day were bled. The relevant LAI
mixtures were prepared, and then each tube was assigned a
different number according to a random code. All counting
was thus done 'blind,'' and procedures, up to the calcula¬
tion of mean percentage of adherence, were performed
without reference to the code.

Serum Immunoglobulins

Serum IgG levels were determined using Diffu-Gen immu¬
nodiffusion plates (Oxford Laboratories, Foster City, Calif.).

Drug Treatments

Administration of therapeutic agents was as follows: 5FU
(Floffmann-La Roche, Basel, Switzerland), 15 mg/kg/day
i.v. for 5 days, repeated at monthly intervals; DTIC (Dome

Laboratories, West Flaven, Conn.), 3 mg/kg/day i.v. for 5
days, repeated at monthly intervals; cyclophosphamide
(Mead Johnson, Crow's Nest, Sydney, Australia), 50 mg p.o.
daily; methotrexate (Lederle Laboratories, Pearl River,
N.Y.), 500 mg of methotrexate i.v. over 16 hr, then leucovo-
rin (Lederle), 100 mg i.v. initially, followed by 6 doses of 15
mg i.v. every 5 hr; melphalan (Burroughs Wellcome, Rose-
bery, Sydney, Australia), i.a. perfusion of 75 to 100 mg over
1 hr; C. parvum (killed vaccine; Wellcome Research Labora¬
tories, Beckenham, England), initial dose of 21 mg i.v.,
followed at monthly intervals by 7 mg i.m.

RESULTS

None of the tumor extracts reduced the adherence of

leukocytes from normal individuals or from patients with
unrelated conditions (Table 2).
Ten patients were tested prior to treatment, and all were

reactive in the LAI test (Table 3). Two patients (G. C. and T.
H.) were tested only after a preliminary course of treatment
but were also reactive at that stage.
The 3 remaining patients (C. O., tested on the 1st day of a

2nd course of DTIC; P. T., tested on the 3rd day of a 1st
course of 5FU; and M. H., tested on the 4th day of a 1st
course of 5FU) were not reactive and are thus not included
in Table 3.
Alteration of LAI Reactivity by Chemoimmunotherapy. A

change from LAI reactivity in patients' leukocytes to either
nonreactivity or adherence stimulation could be effected by
C. parvum administered either i.v. or i.m. and by DTIC, 5FU,
methotrexate, or melphalan perfusion, as shown in Table 3.
All patients were tested repeatedly during treatment (a

total of 78 direct LAI tests). In 14 of 15 patients, a pattern of
rapid and prolonged abolition of LAI reactivity following
treatment was established. Only 4 showed recovery of leu¬
kocyte activity during ongoing treatment; 3 of these epi¬
sodes occurred following DTIC treatment (Patients J. W., E.
S., and F. R.), and the other (Patient V. B.) occurred 5 days
after commencement of 5FU treatment. In 1 patient (J. A.)
there was no loss of reactivity following treatment with C.
parvum and 5FU.
Adherence stimulation occurred in the leukocytes of both

chemotherapy and immunotherapy patients, most fre¬
quently during or following 5FU treatment (7 instances) and
also following i.v. C. parvum (1 instance), i.m. C. parvum (2
instances), and DTIC (2 instances). Antigenic specificity was
not investigated, but the effect appeared to be mediated by
release of a soluble factor, as defined below.
Comparison of Direct and Indirect LAI Tests. Since the

direct LAI test depends on antigenic stimulation of lympho¬
cytes to produce a soluble lymphokine that diminishes leu¬
kocyte adherence to glass (21, 29), direct and indirect LAI
tests on leukocytes from 6 patients were performed to de¬
termine whether the changes were due to alterations in the
reactivity of lymphocytes or of adherent cells. The results
shown in Table 4 demonstrate a complete correlation be¬
tween the 2 tests for reactive, nonreactive, and adherence-
stimulated leukocytes. These results indicate dependence
on the production or absence of lymphocyte factors and not
on any deficiency in the adherent cells.
Reduction in Serum Blocking Activity by Chemoimmu-
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Table 2

Lack of reactivity against tumor extracts in LAI of leukocytes from normal donors and
from patients with unrelated conditions

Comparison of adherences in presence and absence of antigen showed no significant
inhibition.

Source of % adherence

leukocytes
(Patient) Clinical condition Antigen Control Antigen
J. R. Normal subject Melanoma 75.8 ± 3.8" 73.8 ± 4.5
F. N. Normal subject Melanoma 72.5 ± 4.5 69.3 5.6
A. M. Normal subject Melanoma 58.9 ± 3.9 54.7 3.5
P. J. Normal subject Melanoma 53.4 ± 4.6 50.4 ± 4.5
F. N, Normal subject Melanoma 34.8 6.4 35.5 ± 6.2
A. M. Normal subject Melanoma 36.9 ± 2.7 42.0 3.2
F. N. Normal subject Melanoma 39.6 ± 4.9 54.7 + 4.1
A. V. Normal subject Melanoma 65.9 ± 3.6 61.4 ± 4.1
F. N. Normal subject Colon carcinoma 72.5 ± 4.5 64.8 ± 4.1
A. V. Normal subject Colon carcinoma 65.9 ± 3.6 71.4 ± 3.0
J. R. Normal subject Colon carcinoma 75.8 ± 3.8 81.7 ± 4.2
F. N. Normal subject Colon carcinoma 63.2 ± 4.2 58.6 ± 4.8
F. N. Normal subject Colon carcinoma 51.7 ± 5.3 45.8 ± 5.4
A. V. Normal subject Osteogenic

sarcoma

65.9 - 3.6 71.4 4.4

D. T. Colon carcinoma Stomach
carcinoma

80.1 -t- 3.4 74.3 3.2

A. W. Pigmented basal cell
carcinoma

Melanoma 58.8 ± 3.7 56.9 -t- 3.5

M. E. Diverticular disease Colon carcinoma 71.4 ± 6.2 64.0 ± 5.0
H. H. Squamous cell carci¬

noma of the anus

Colon carcinoma 39.6 4.3 43.7 ± 3.7

G. S. Giant cell
osteoblastoma

Osteogenic
sarcoma

59.6 — 3.5 60.3 — 3.4

" Mean ± S.E.

notherapy. Serum blocking factors were titrated in 6 pa¬
tients. Examples of the titration of blocking factors are
given in Table 5. Pretreatment serum from Patient D. T.
blocked the reactivity of leukocytes from another colon
carcinoma patient. A 1/4 dilution of this serum also had
significant blocking activity, but a 1/16 dilution did not. The
blocking titer was therefore designated 1/4. Identical titers
were obtained for blocking activity when titrations were
repeated on leukocytes from different patients. Sera from
Patients V. B. and F. R. were each titrated against leuko¬
cytes from 2 donors, with reproducible results for blocking
titers.

Serum blocking activity was specific for tumor type. Pre-
and posttreatment blocking sera from Melanoma Patients
E. S., J. A., and F. R. did not block the reactivity of leuko¬
cytes from a colon carcinoma patient, whose reactivity was
blocked by serum from Patient D. T. Similarly, sera from
Colon Carcinoma Patients V. B. and D. T. did not block the

reactivity of leukocytes from a melanoma patient, whose
reactivity was, however, blocked by serum from Melanoma
Patient A. Y.
The results of titrations of blocking activity in 6 patients

are shown in Table 6. The pretreatment titers of blocking
were not simply a function of tumor mass. Patients F. R. and
E. S., with larger volumes of tumor, had initial blocking
titers of 1/1024 and 1/16, respectively, and Patients D. T.
and J. A., with relatively small volumes of tumor, had initial
titers of 1/4. However, Patient V. B., who had very extensive
tumor, had a pretreatment titer of 1/1.

In all patients tested, serum blocking activity decreased
during treatment (although there was a transient rise in

blocking in Patient E. S. 2 days after C. parvum), and the
lowered or undetectable levels of blocking activity persisted
even when positive leukocyte reactivity was temporarily re¬
stored (Table 6).
Serum IgG during Chemoimmunotherapy. Serum IgG

levels before and during treatment were determined in Pa¬
tients F. R., D. T., V. B.. J. W., A. Y., J. A., and E. S. They
remained unchanged within the normal range during the
course of therapy.

DISCUSSION

The specific inhibition of leukocyte adherence in mice is a
T-cell-dependent immunological phenomenon mediated by
the production of a soluble factor with lymphokine proper¬
ties (21, 29). Studies in man have revealed a monocyte-
related reaction leading to adherence inhibition in a test-
tube modification of the LAI technique (14). In this study we
have demonstrated depression of specific tumor-directed
host responses not only by cytotoxic drugs but also by the
reticuloendothelial stimulant C. parvum.
Nonreactivity or adherence stimulation in the LAI test

could conceivably be caused by lack of suitable lympho¬
cytes (immunologically specific) or lack of adherent cells
(immunologically nonspecific). The disappearance of LAI
reactivity was due to the lack of production of the soluble
LAI factor and not to any deficiency in adherent properties
of the patients' blood leukocytes. Thus, the cells affected in
this system either directly or indirectly by cytotoxic drugs
and C. parvum are the lymphocytes. Some of the rapid
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Table 3
Alteration of direct LAI reactivity by drug treatment

% adherence

Days after
Patient treatment Control Antigen Interpretation

C. parvum i.v.
J. W. (melanoma) 0 78.4 ± 1.8" 56.5 ± 1.8' Reactive

2 64.7 ± 4.7 81.9 ± 3.1 c Adherence stimulation
E. S. (melanoma) 0 58.9 ± 4.2 41.4 ± 4.6C Reactive

2 67.4 ± 4.6 58.9 ± 4.0 Not reactive
A. Y. (melanoma) 0 67.6 ± 3.3 47.4 ± 3.0' Reactive

26 51.4 ± 4.6 57.2 ± 4.4 Not reactive

F. R. (melanoma) 0 77.0 ± 3.3 54.0 ± 4.0' Reactive

31 80.9 ± 3.3 78.3 ± 3.3 Not reactive
B. R. (melanoma) 0 73.9 ± 4.1 61.1 ± 4.7" Reactive

4 78.0 ± 4.4 85.8 ± 3.2 Not reactive

5FU
D. T.c (colon carcinoma) 0 80.1 ± 3.4 58.8 ± 5.4' Reactive

Day 3 of course 77.9 ± 2.8 86.5 ± 2.3" Adherence stimulation
G. C. (colon carcinoma) Day 1 of 2nd course 53.9 ± 5.0 39.1 ± 4.1 " Reactive

Day 5 of 2nd course 42.9 5.5 78.5 ± 2.8' Adherence stimulation
V. B. (colon carcinoma) 0 79.5 ± 3.4 55.8 ± 2.8' Reactive

Day 2 of course 47.9 ± 4.9 58.9 ± 4.3 Not reactive

Day 5 of course 71.5 8.5 54.3 ± 4.5" Reactive
30 days after end of 45.6 4.6 44.4 4.2 Not reactive
course

6 days after end of 2nd 59.2 ± 3.4 74.2 ± 4.2 c Adherence stimulation

Methotrexate
D. C. (osteogenic 0 69.6 ± 5.5 51.9 ± 5.4" Reactive

sarcoma) After methotrexate 80.1 ± 3.7 84.7 ± 2.5 Not reactive
After leucovorin 73.8 ± 4.0 83.5 ± 2.8 Not reactive
28 days after end of 77.9 ± 4.1 68.9 ± 4.6 Not reactive
2nd treatment course

Melphalan
T. H. (melanoma) 0 (30 days after 1 42.5 ± 7.8 25.6 ± 3.3" Reactive

course of DTIC)
50 41.0 ± 2.6 33.4 ± 4.2 Not reactive

K. M. (melanoma)

J. A. (melanoma)

F. R.

0
102 (after 2 courses of
C. parvum \ 2 courses
of 5FU)

0
36 (after 2 courses of
C. parvum. 1 course
of 5FU)

0
30

C. parvum and 5FU
58.6 ± 6.0
63.8 ± 4.2

67.1 ± 3.7
76.0 ± 4.6

C. parvum i.m.
80.3 ± 4.8
42.1 ± 4.8

41.2 ± 3.9"
61.7 ± 3.8

51.0
62.7

3.4'
4.2"

60.9 ± 4.1 '
43.7 ± 4.7

Reactive
Not reactive

Reactive
Reactive

Reactive
Not reactive

E. ST

J. W/

Day 1 of course
Day 5 of course

0

Day 5 of course

DTIC
85.5 ± 3.2
58.2 ± 5.4
89.9 ± 2.4
62.3 ± 4.5

67.2 ± 4.4''
77.8 ± 4.5"
79.8 ± 2.4''
62.9 ± 4.6

" Mean ± S.E.
"
p < 0.001.

''

p < 0.01.
"
p < 0.05.

' Leukocytes from Patient D. T. (carcinoma of appendix) reacted with extracts of colon carcinoma.
' These patients regained reactivity during treatment, which was then abolished as shown.

Reactive
Adherence stimulation
Reactive
Not reactive

changes observed in LAI reactivity within 1 to 3 days of
treatment may be a reflection of depression of the total
number of circulating lymphocytes. Three of the 4 instances
of regained LAI reactivity during ongoing treatment oc-
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curred following administration of DTIC, which lends sup¬
port to previous suggestions that DTIC is only weakly immu¬
nosuppressive (3).
Previous workers have shown that certain forms of cancer
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Table 4

Comparison of direct and indirect LAI tests on patient leukocytes

Days after % adherence
com-

mence- Direct Indirect
ment of
initial

Patient treatment Control Antigen Control Antigen Interpreta
E. S. (melanoma) 123 81.2 2.6" 82.1 ± 2.7 87.6 ± 3.8 77.4 ± 3.8 Not reactive

154 85.5 3.2 67.2 ± 4.4" 78.2 ± 2.8 58.3 5.3" Reactive
158 58.2 ± 5.4 77.8 ± 4.5" 23.9 2.5 41.5 ± 2.8" Adherence

stimulation
J. W. (melanoma) 68 71.4 ± 4.2 84.1 ± 2.5" 69.3 ± 4.4 90.4 2.3" Adherence

stimulation
138 71.6 ■± 3.9 76.6 ± 3.9 53.8 ± 5.1 56.1 6.0 Not reactive

C. O. (melanoma) 34 50.6 3.8 53.8 ± 3.2 66.6 5.7 74.4 4.2 Not reactive
37 40.8 4.6 34.5 ± 6.3 34.2 5.9 44.9 5.5 Not reactive

G. C. (colon 31 53.9 5.0 39.1 ± 4.5" 78.8 3.9 56.6 ± 5.9" Reactive

carcinoma) 34 42.9 5.5 78.5 ± 2.9' 19.8 2.6 37.9 3.1" Adherence
stimulation

V. B. (colon 2 47.9 ± 4.9 58.9 ± 4.4 38.9 ± 4.8 41.3 ± 7.3 Not reactive

carcinoma) 5 71.5 8.5 54.3 ± 4.5" 47.2 ± 4.8 33.3 ± 3.5" Reactive
D. T. (colon 37 84.8 3.3 78.6 ± 2.9 76.4 2.9 73.8 ± 4.4 Not reactive
carcinoma)
" Mean ± S.E.
"
p < 0.01.

r

p < 0.001.
"
p < 0.05.

Table 5

Effect of blocking serum dilutions on LAI: titration of blocking activity
% adherence

Test serum dilutions
Leukocyte do¬

nor" Control Antigen 1/1 1/4 1/16
Serum
donor" Titer

R. S. (colon 61.5 ±7.2" 34.7 ± 4.0 76.4 ± 4.6 61.5 ± 5.4 30.8 ± 5.2 D. T. 1/4

carcinoma) (p < 0.01) (p < 0.001)" (p < 0.01) (NS)"
R. C. (colon 72.1 ± 4.4 55.1 ± 5.1 84.1 ± 2.8 58.8 ± 4.0 V. B. 1/1

carcinoma) (p < 0.05) (p < 0.001) (NS)
V. G. (colon 75.1 ± 5.2 59.3 ± 3.7 78.9 ± 3.4 56.8 ± 5.3 V. B. 1/1
carcinoma) (p < 0.02) (p < 0.01) (NS)

S. J. (melanoma) 76.2 ± 7.4 36.8 ± 4.8 71.1 ± 4.8 43.0 ± 4.1 F. R. 1/1

(p < 0.001) (p < 0.001) (NS)
R. T. (melanoma) 62.3 ± 4.8 31.9 ±2.3 53.1 ± 4.0 40.2 ± 2.9 F. R. 1/1

(p < 0.001) (p < 0.01) (NS)
" Leukocytes from donors not undergoing therapy.
" Sera from Patients V. B. and F. R. each tested against 2 leukocyte donors.
" Mean ± S.E.
" Significance compared to adherence in the presence of normal serum and antigen.
" NS, not significant.

therapy may selectively affect in vitro immunological reac¬
tions. O'Toole et al. (31) demonstrated that, following abla¬
tion of tumor-specific lymphocyte reactivity by radiother¬
apy, patients with good prognosis (mostly with local dis¬
ease) regained reactivity rapidly but patients with poor
prognosis did not. Sinkovics et al. (34) found that lympho¬
cyte cytotoxicity was unaffected by 1-/3-D-arabinofurano-
sylcytosine treatment in 3 patients, while Currie (8) reported
that lymphocyte cytotoxicity appeared during immunotherapy
with irradiated tumor cells, probably due to a diminution in
blocking factors. Sequential assays during DTIC treatment
of melanoma patients were reported by Cummings etal. (7);
there was no consistent depression of cell-mediated re¬
activity or serum blocking factors. Difficulties in interpret¬
ing microcytotoxicity assay results from individual patients
were stressed by these same investigators (7, 20). Immune

functions unrelated to tumor antigens, e.g., lymphocyte
blastogenesis (5), delayed hypersensitivity to dinitrochloro-
benzene, and primary humoral response to Vi antigen (3),
were little affected by chemotherapy or chemoimmuno-
therapy.
All patients in the present series had disseminated dis¬

ease, and there is evidence that patients with advanced
tumors already have a major depression of immunological
reactivity, at least to nonspecific challenge. Since the
mechanism of loss of LAI reactivity is not clear, in some
circumstances a measurement of blood-borne cell-me¬
diated immunity may not reflect reactivity at the tumor site.
C. parvum may cause sequestration of specifically reactive
lymphocytes in the tumor (4); this mechanism would pre¬
sumably benefit the patient, in spite of apparently reduced
immunoreactivity as judged by in vitro tests.
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Adherence stimulation by antigen, mediated by produc¬
tion of soluble factor, has not previously been reported in
the LAI test, but an analogous stimulation of macrophage
migration by a soluble factor has been observed (12). The
biological significance of these observations is not clear.
Serum blocking factors as measured in the LAI test are

considered to be immunological in nature. Antigen alone
does not cause blocking under the conditions used in the
LAI tests in this study. Although it is possible that blocking
may be caused by antigen-specific T-cell-dependent sup¬
pressive factors (30), data on the specificity of blocking in
the LAI test and on the abolition of blocking activity by
antiimmunoglobulin (29) lend support to the concept of
blocking factors as antigen-antibody complexes of a defi¬
nite composition (2, 35). The drop in serum blocking titers
following treatment in the 6 patients tested in this study is in
agreement with the findings in patients treated with 1-/3-D-
arabinofuranosylcytosine (34) and in patients undergoing
immunotherapy with irradiated tumor cells (8).
There are 2 possible explanations for this fall. Firstly, C.

parvum as a reticuloendothelial stimulant may increase the

Table 6

Titers of serum blocking factors

Days after
com¬ Result of
mence¬ direct LAI Blocking
ment of test on titer of
initial patient's patient's

treatment leukocytes serum Drug treatment
Patient F. Ft. (melanoma)

0 + 1/1024 None
31 0 1/1 C. parvum
51 NT" 1/4 Cyclophosphamide
64 NT 1/4 C. parvum
78 0 1/1 DTIC
82 + <1/1"

Patient D . T. (colon carcinoma)
0 + 1/4 None
3 0 <1/1 5FU

39 - <1/1 5FU
144 + <1/1 80 days after last treatment
211 0 <1/1 147 days after last treatment
302 0 <1/1 238 days after last treatment

Patient V. B. (colon carcinoma)
0 + 1/1 None
2 0 <1/1 5FU
5 + <1/1 5FU

46 - <1/1 5FU

Patient E. S. (melanoma)
0 + 1/16 None
2 0 1/64 C. parvum

31 - <1/1 C. parvum
55 0 1/4 Melphalan
154 + <1/1 DTIC
158 - <1/1 DTIC

Patient J. A. (melanoma)
0 + 1/4 None

36 + 1/1 C. parvum and 5FU
Patient A. Y. (melanoma)

0 + 1/1 None
26 0 <1/1 C. parvum

" NT, not tested.
' <1/1, no detectable blocking activity.

clearance of immune complexes, including blocking fac¬
tors. Alternatively, there may be an alteration in the relative
amounts of circulating tumor antigen and specific antibody
required to form the blocking factor complex. A sudden
increase in circulating tumor antigens as a result of tumor
cell killing without a corresponding increase in specific
antibody could cause the formation of complexes in antigen
excess, which are not blocking. Similarly, either a decrease
in specific antibody production as a result of immuno¬
suppression or an increase in antibody production as was
reported to occur following C. parvum administration (26)
could change the composition of antigen-antibody com¬
plexes and possibly diminish blocking activity.
The presence of serum blocking activity in LAI tests on

cancer patients appears to correlate with the presence of
progressing tumors (18). During courses of chemotherapy
and immunotherapy, however, this correlation does not
always hold. In the 1 patient in this series who has unequiv¬
ocally benefited from chemotherapy (D. T.), blocking activ¬
ity was lost rapidly (Table 6). This patient presented 80 days
after the suspension of treatment, with LAI leukocyte reac¬
tivity restored but no serum blocking activity, and 67 days
later the patient showed neither leukocyte reactivity nor
serum blocking factors. He has no clinical evidence of
tumor at present. On the other hand, Patients V. B., F. FL,
and E. S., who obviously maintained large masses of tumor,
had no serum blocking activity at varying intervals during
treatment. In these patients the abolition of serum blocking
activity is presumably an effect of the treatment itself rather
than of tumor removal.

In conclusion, chemotherapy or chemoimmunotherapy
as described in this study resulted in a rapid and prolonged
suppression of antitumor cell-mediated immunity. Serum
blocking factors were also greatly suppressed or abolished.
The clinical results of such therapy must be a balance
between direct killing of tumor by drugs and the adverse
effects of immunosuppression. Immune mechanisms other
than those determined in the LAI test, e.g., antibody-de-
pendent cell-mediated cytotoxicity, direct killing by acti¬
vated macrophages, and killing by cytotoxic antibodies,
may also operate in vivo. The complexity of the clinical
variables and of the immunological events makes the draw¬
ing of general conclusions difficult, but it is clear that chem¬
otherapy or immunotherapy with C. parvum can bring about
a depression of 1 aspect of cell-mediated immunity, as
monitored by an in vitro assay.
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This article and the two following articles (80,81) reported our

experience with randomised controlled trials in patients with advanced

malignancy treated with chemotherapy a/one or chemotherapy and

immunotherapy involving C. parvum. Although modifications to the

immune system were demonstrated, there was no clinical evidence of

benefit from the combination of chemotherapy and immunotherapy as

opposed to standard chemotherapy.



I

printed from The Australian and New Zealand Journal of Surgery, Vol. 48, No. 3, June, 1978

HEMOIMMUNOTHERAPY IN DISSEMINATED
MELANOMA AND COLORECTAL CARCINOMA

I.R. Gough, P.M. Bolton. G.J.A. Clunieand
W. Burnett

Department of Surgery, University of
Queensland, Brisbane.



CHEMOIMMUNOTHERAPY FOR METASTASES GOUGH ET AL

.

CHEMOIMMUNOTHERAPY IN DISSEMINATED
MELANOMA AND COLORECTAL CARCINOM-

I.R. Gough. P.M. Bolton, G.J.A. Clunieand
W. Burnett

Department of Surgery, University of
Queensland, Brisbane.

Non-specific immunotherapy with monthly intramuscular injection of Corynebacterium parvum has been
investigated by randomized clinical trials in patients with advanced cancer. Thirty-si* patients with
disseminated melanoma were treated with either imidazole carboxamide(DTIC) alone or DTIC plus C.parvum. A
19% objective response rate was observed. The mean survival time was similar for both groups. Thirty-three
patients with disseminated colorectal cancer were treated with either 5-fluorouracil (5FU) alone or 5FU plus
C.parvum. No objective responses were observed. The mean survival time was similar for both groups. No
advantage has been demonstrated in either tumour group by adding C.parvum to standard chemotherapy.

When systemic metastases of melanoma or
colorectal carcinoma are discovered, the life
expectancy for the patient is relatively short. For
both melanoma (Elias et alii, 1977) and colorectal
carcinoma (Moertel and Reitemeir, 1969) the mean
survival time is approximately six months.
Disseminated melanoma has been relatively

resistant to chemotherapy, but with dimethyl-
triazeno-imidazole-carboxamide (DTIC) objective
response rates of 25% have been obtained (Luce,
1975). While combination chemotherapy is more
effective than single agent chemotherapy in most
human malignancies, this has not been
demonstrated in disseminated melanoma.
Combinations of cyclophosphamide, vincristine,
and procarbazine (Byrne, 1976), and of DTIC, bis-
chloroethyl nitrosourea (BCNU), and vincristine
(Cohen et alii, 1977; McKelvey etalii, 1977), are not
superior to DTIC alone.
Colorectal carcinoma is also relatively resistant to

chemotherapy. In a review of 2107 patients with
disseminated colorectal cancer treated with 5-
fluorouracil (5FU) the response rate was 21%
(Carter and Friedman, 1974). No other single agent
is as effective as 5FU (Moertel, 1975). Combinations
of drugs have been disappointing, and most are less
effective than 5FU alone. Recently, however,
combinations incorporating 5FU and methyl-
cyclohexyl-chloroethyl-nitrosourea (methyl
CCNU) have been reported to give improved
Reprints: I.R. Gough, Department of Surgery, Princess Alexandra

Hospital, Ipswich Road, Woolloongaba, Qld 4102.

response rates (Moertel, 1976), but survival time
were not significantly affected. Although patient
who respond objectively to chemotherapy tend t
survive longer in both these forms of malignanc
(Moertel and Reitemeir, 1969; McKelvey et ali
1977), there is no convincing evidence the
chemotherapy influences overall survival.

In the face of such disappointing results it i
logical to test the addition of afurthertreatmentarr
in the form of immunotherapy, since there i
extensive experimental and some clinical evideno
that a combination of immunotherapy ar
chemotherapy offers advantages ovc
chemotherapy alone.
Non-specific immunotherapy with Bacill

Calmette-Guerin (BCG) has been demonstrated t
inhibit tumour growth in experimental animals (Ol
et alii, 1959). BCG as an adjuvant to surgery ha
been reported to have an inhibitory effect on th
micrometastases of malignant melanoma (Eilber e
alii, 1976), but when used in disseminate
melanoma had no appreciable effect in terms c
tumour regression or survival (El-Domeiri et all
1977). BCG has been reported to increase th
disease-free interval following surgery in patient
with Dukes "C" colorectal carcinoma whei
compared with historical controls (Mavligit et alii
1976), but has not been shown to influence th<
course of disseminated colorectal carcinoma. \
Corynebacterium parvum has also been shown tc

be effective in animal tumour models when user

alone (Woodruff et alii, 1974) and in combinatioi
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with chemotherapy (Currie and Bagshawe, 1970;
Fisher ef alii, 1975). Israel (1976) has used C.parvum
in association with combination chemotherapy in a
variety of advanced human cancers. He reported
significant improvement in survival times of patients
with oat cell or squamous cell carcinoma of the lung
and with breast carcinoma, as compared with
patients treated by chemotherapy alone.

In March 1975 we started trials of standard
chemotherapy versus chemoimmunotherapy in
patients with disseminated melanoma or colorectal
carcinoma.

Patients And Methods

Patients who entered the trials had histologically
proven disease, and while suffering from
disseminated cancer were in reasonable general
health. The objectives and practical details of the
trials were fully explained to the patients and their
consent obtained. The patients were randomized to
receive either chemotherapy alone or chemo¬
therapy plus immunotherapy.

For melanoma, the chemotherapy was DTIC in a
dose of 2.5 mg/kg per day to a maximum of 200 mg
per day given by intravenous bolus injection on five
consecutive days, and the course was repeat¬
ed monthly. Patients randomized to receive
chemoimmunotherapy received DTIC on the same
schedule and in addition were give C.parvum
intramuscularly in a dose of 7 mg one week before
starting chemotherapy and again on the fourth day
of each monthly course of DTIC. For colorectal
carcinoma, the chemotherapy was 5FU in a dose of
12.5 mg/kg given by weekly intravenous bolus
injection. Patients randomized to receive
chemoimmunotherapy received 5FU on the same
schedule and in addition were given C.parvum in a
dose of 7 mg one week before starting
chemotherapy and again at monthly intervals.

The patients were reviewed at monthly intervals.
Objective response was defined as a 50% or greater
reduction in the area of all measurable tumour with
no new or progressing lesions, the reduction in
tumour size being sustained for at least one month.
Stabilization was defined as no increase in tumour
size or less than 50% regression over a three-month
period.

The Mann-Whitney test was used in statistical
analysis of the survival times.
The patients were also studied'by a series of tests

for specific and non-specific immune responses to
their tumours and to therapy. Results of these
studies will be reported separately.

GOUGH ET ALII

Results

Toxicity
Treatment on the whole was well tolerated. DTIC

produced nausea and vomiting following the first
one or two doses of each course in the majority of
patients. No significant bone marrow suppression
was observed.

The administration of 5FU was associated with
occasional nausea and diarrhoea. Three patients
experienced mild alopecia after six months of
treatment. Three others developed leucopenia
(peripheral white cell count less than 3,000/mm3)
which required reduction of dose.
Intramuscular C.parvum produced a local

inflammatory response which many patients found
painful for up to 48 hours. C.parvum was best
tolerated when given into the gluteal muscle mass
rather than the quadriceps or deltoid. No abscess
formation was observed. A pyrexia of up to 38°C
was common 6 to 12 hours after the C.parvum
injection, and some patients experienced mild
anorexia and malaise. The treatment did not have to
be discontinued because of toxicity in any patient,
but was ceased if there was progression of disease
or the patient entered a terminal stage of illness.

Clinical Response
In the melanoma trial, 36 patients have been

followed for a minimum of three months. The
numbers, mean age and sex ratio in both groups
were similar (Table 1 ).The distribution and extent of

Table 1

Chemoimmunotherapy Trial: Melanoma.
Randomization of Patients

Chemotherapy Chemoimmunotherapy

Number 20 16

Mean age 47 47

Male : Female 13:7 11:5

metastatic disease was similarinthetwogroups, but
five patients with cerebral metastases at the time of
entry to the trial were in the chemotherapy alone
group (Table 2).

There were seven objective responses, a rate of
19%. Three of the responses were in the
chemotherapy group and four in the chemo¬
immunotherapy group. Objective responses were
seen in four patients with metastases in skin, one
with skin and lung, one with skin and lymph node,
and one with lymph node metastases. Three of the
seven responders died at 8V6,10 and 15 months, and
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Table 2

Chemoimmunotherapy Trial: Melanoma.
Distribution of Metastases

Chemotherapy (20) Chemoimmunotherapy (16)

Local + skin 9 12

Lung 10 7

Liver 5 2

Node 10 5

Cerebral 5 0

Others 4 2

four are still alive at 5%, 8V3, 9 and 25 months. Two of
the patients with skin metastases had an apparent
complete remission of disease. The mean and
median survival times of those patients who have
died are shown in Table 3, and there vyas no
significant difference between the two treatment
groups (Mann-Whitney tests, P = 0.4). Seven
patients still survive at times between 3 and 25
months from the start of therapy.

Table 3

Chemoimmunotherapy Trial: Melanoma
Survival

Chemotherapy (20) Chemoimmunotherapy (16)

Dead 16 13

Mean survival 5 5.9
(months)

Median survival 5 5.5
(months)

Five of the patients had cerebral metastases at the
time of entry to the trial, and of the 29 patients who
have died, 14 demonstrated cerebral metastases, a
rate of 49%. It is thus apparent that neither DTIC
alone nor DTIC plus C.parvum affects known
cerebral metastases, and that neither drug offers
protection against their development in patients
with metastases originally in other sites.

In the colorectal carcinoma trial, 33 patients were
followed for a minimum of three months. The

numbers, mean age, and sites of primary tumour in
both groups were similar (Table 4). The sex ratio

Table 4

Chemoimmunotherapy Trial: Colorectal Carcinoma.
Randomization of Patients

Chemotherapy Chemoimmunotherapy

Number 19 14

Mean age 58 56

Male : female 6:13 9:5

Primary in colon 14 11

Primary in
rectum

5 3

was reversed, but this would not be expected to
have a significant effect on survival in disseminated
colorectal carcinoma. The distribution of
metastases was similar, although as in the
melanoma trial, there was a tendency for the
patients in the chemotherapy group to have more
widespread disease (Table 5). No objective
responses were observed in either treatment group.

Table 5

Chemoimmunotherapy Trial: Colorectal Carcinoma.
Distribution of Metastases

Chemotherapy (19) Chemoimmunotherapy (14)

Local 11 3

Lung 2 2

Liver 12 10

Peritoneal 8 3

Other 5 2

In the 33 patients there were 24 with evaluable
disease, i.e., a measurable tumour mass. There were
nine patients who had metastatic disease proven at
laparotomy but in whom it was not possible
subsequently to measure the disease in the
postoperative period. Of those with evaluable
disease, there were seven whose disease was

regarded as stable, three being in the chemotherapy
alone group and four in the chemoimmunotherapy
group. The meanand median survival times of those
patients who had died are shown in Table 6, and
there was no significant difference between the two
treatment groups (Mann-Whitney test, P = p.3).

Table 6

Chemoimmunotherapy Trial: Colorectal Carcinoma.
Survival

Chemotherapy (19) Chemoimmunotherapy (14)

Dead 12 10

Mean survival 5.6 4.9
(months)

Median survival 5.5 5.5
(months)

Discussion

The administration of a killed vaccine of the
anaerobic organism C.parvum has a strong
stimulatory effect on the reticuloendothelial system
(Halpern et alii. 1963), and will inhibit the growth of
experimental tumours (Woodruff and Boak, 1966).
The antitumour properties of C.parvum in animals
appear to be both non-specific, due to macrophage
activation, and specific, due to stimulation of anti-
tumour antibody production (Scott, 1974). T
lymphocyte responses vary with the route of
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administration, activation occurring following
regional injection and depression following
systemic injection.
In experimental systems non-specific

immunotherapy is most effective in an immuno¬
competent host with a small tumour burden, and
therefore could not logically be expected to be
effective when used alone in advanced human
cancer patients suffering from immune depression
and with major tumour burdens. The major clinical
use of non-specific immunotherapy may therefore
be after apparently curative surgery in patients with
known poor prognosis or in association with
chemotherapy.
C.parvum has been demonstrated to have an

additive effect to chemotherapy in animal tumour
systems. Currie and Bagshawe (1970) concluded
that the timing of C.parvum administration relative
to phemotherapy was important in a mouse fibro¬
sarcoma model, and that chemotherapy should be
used first to reduce tumour burden. However, Fisher
and his colleagues (1975), using a mouse mammary
carcinoma system, concluded that the
chemotherapy-immunotherapy interval was not
critical and that both agents could be administered
simultaneously.
Most experimental studies suggest that

intravenous or intraperitoneal injection of C.parvum
is superior to the intramuscular or subcutaneous
route. However, Israel (1976) has used sub¬
cutaneous injections of C.parvum with combination
chemotherapy in several types of advanced human
cancer, and has shown that significant benefit can
be derived by the addition of C.parvum to
chemotherapy in such patients. The major
advantage in these patients may have been due to
the potent induction effect of C.parvum on the
production of bone marrow immunocyte precursors
(Dimitrov et alii, 1975), so that the number and
length of therapeutic interruptions for marrow
depression, as measured by leucopenia, was halved
in patients receiving C.parvum as compared with
those receiving chemotherapy alone.
The subcutaneous injection of C.parvum leads to

painful nodules at the site of injection, with
occasional sterile abscesses, and some systemic
upset in the form of chills and fever (Israel, 1976;
Rao etalii, 1977). Intravenousadministration results
in more major systemic reactions, with frequent
rigors and pyrexia, nausea, vomiting, severe
headaches, and transient severe hypertension
(Woodruff et alii, 1975; Israel, 1976; Rao et alii,
1977). Although most of these workers suggested
that the side effects of C.parvum were acceptable,
our own experience of the severity of reactions

following intravenous injection is such that we do
not feel justified in using this routeof administration
to add to the already significant morbidity of
treatment in patients with disseminated disease.
Intramuscular injection of C.parvum has been used
by Woodruff and his colleagues (1975) and by Israel
and Edelstein (1975). We have found that C.parvum
administered by this route is well tolerated, causing
only slight local discomfort and mild pyrexia for 24
to 48 hours after injection.
However, this trial has produced no evidence that

intramuscular injection of C.parvum in the dose and
schedule utilized has had any effect on the course of
the disease in patients suffering from disseminated
melanoma or colorectal carcinoma. The objective
response rate of 19% observed in patients suffering
from disseminated melanoma is similar to that

reported by other workers with DTIC alone (Luce,
1975). It was disappointing that no objective
evidence of response was obtained in the patients
with colorectal cancer. Objective response rates of
approximately 20% have been reported by other
workers using a similar dosage and schedule of
administration of 5FU. The lack of response in this
study may reflect the strictness of the criteria used.
This trial has again emphasized the difficulty of

treatment of cerebral metastases in malignant
melanoma. It is known from animal pharma¬
cokinetic studies (Loo et alii, 1968) that only a small
proportion of an injected dose of DTIC crosses the
blood-drain barrier, so it is not surprising that
central nervous system metastases are unaffected
by this drug. The nitrosoureas, such as methyl-
CCNU, have some activity against melanoma, and
because they are lipid soluble are able to cross the
blood-drain barrier. They have therefore been
incorporated into several trial regimens, but
evidence is lacking that they are effective alone or
in combination for treating or delaying the
development of CNS metastases (Comis and
Carter, 1974).
The survival time after the diagnosis of dissemin¬

ated melanoma or colorectal carcinoma is short, and
it is therefore reasonable to question whether any
therapy is justified at all. We have been concerned
that the treatment offered should not be too toxic or

unpleasant for the patients. It is possible that more
intensive chemotherapy and immunotherapy
schedules could have produced more favourable
results, but at the risk of increased morbidity.
Despite the disappointing overall results of this
particular study, we believe that patients with
advanced cancer benefit from the regular hospital
visits and attention they receive during their
participation in a clinical trial. We are convinced that
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carefully controlled clinical trials provide the only
reliable way of determining genuine advances in the
management of patients with disseminated cancer.
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Disseminated colorectal carcinoma is relatively
resistant to chemotherapy, and patient prognosis is
poor; the median survival time from the diagnosis of
dissemination is approximately six months.23 There is
still no convincing evidence that chemotherapy im¬
proves chances of survival for patients who have this
disease, although it may produce temporary objective
remission. The most effective single therapeutic
agent is 5-fluorouracil (5-FU), which has a reported
response rate of about 20 per cent.6,21 Most combina¬
tions of drugs have been less effective than 5-FU
alone,21 and although 5-FU-nitrosourea combinations
have been suggested as a therapeutic advance,4'22
further evidence suggests that this promise has not
been sustained.1'19 It is clear that some alternative
form of therapy is necessary for the advanced stages
of this common form of cancer.
All drugs used in cancer chemotherapy exert

immunosuppressive effects,2 and most patients who
have advanced colorectal cancer have significant de¬
pression of immune competence.5 It therefore seems
logical to consider the use of a general immune-
mechanism stimulant together with chemotherapy.
Nonspecific immunotherapy, through the adminis¬
tration of killed Corynebacterium parvum (C. parvum),
has been shown to inhibit tumor growth in animal
models when used either alone10'26'28 or in combina¬
tion with chemotherapy.7,9

C. parvum has also been used in combination with
chemotherapy in the treatment of several types of
human cancer, and significant improvement in survi¬
val times has been reported to occur in patients who

-have advanced carcinomas of the lung and breast,
compared with those treated with chemotherapy
alone.11

* Received for publication October 24, 1978.
Address reprint requests to Dr. Gough: University of Queens¬

land, Department of Surgery, Clinical Sciences Building, Royal
Brisbane Hospital, Brisbane, 4029, Australia.

From the Department of Surgery,
University of Queensland,

Brisbane, Australia

We have conducted a prospective randomized trial
of chemoimmunotherapy in patients with advanced
colorectal carcinoma. Patients who received 5-FU
either alone or in combination with C. parvum were
evaluated, both clinically and immunologically, be¬
fore and during treatment.

Materials and Methods

Patients: Although all patients entering the trial
had histologically proven disseminated colorectal
cancer, they were in reasonably good general health.
The objectives and practical details of the trial were
fully explained to the patients and their consent was
obtained. Patients were randomized to receive either

chemotherapy or chemotherapy plus immuno¬
therapy. Chemotherapy consisted of weekly adminis¬
trations of 5-FU, 12.5 mg/kg, given by bolus intra¬
venous injection. Chemoimmunotherapy consisted of
5-FU on the same schedule, plus 7 mg of C. parvum,
which was administered intramuscularly a week
before the start of chemotherapy and then admin¬
istered monthly. The C. parvum used was Burroughs
Wellcome Coparvax, a formalin-killed suspension
containing 7 mg dry weight of organisms/ml and
preserved in thiomersal 0.01 per cent.
Blood studies were performed weekly, and cases

were reviewed clinically at monthly intervals. Objec¬
tive response was defined as a 50 per cent reduction
in the area of all measurable tumor with no new or

progressing lesion, the reduction in tumor size sus¬
tained for at least a month. Stabilization was defined
as no increase in tumor size or less than 50 per cent
regression over a three-month period. The Mann-
Whitney test was used in statistical analysis of the sur¬
vival times.
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Table 1. Randomization Data Results

Patient Data Chemotherapy Chemoimmunotherapy

Number 19 14

Mean age 58 years 56 years

Male: female 6: 13 9:5

Site of primary
carcinoma
Colon 14 11

Rectum 5 3

Site of metastases
Liver 12 10

Local 11 3

Others 15 7

Delayed Hypersensitivity Skin Tests: Patients
were tested for their responses to three recall anti¬
gens. The Mantoux test antigen (Commonwealth
Serum Laboratories) was purified protein derivative
in a concentration of 100 u/ml. The Candida albicans

antigen, Dermatophytin O (Hollister-Stier
Laboratories) was diluted 30 times before administra¬
tion. The streptodornase-streptokinase antigen, Var-
idase, (Lederle) was made up to a concentration of
streptodornase, 100 u/ml, and streptokinase, 25 u/ml.
Each antigen was administered intradermally into

the flexor aspect of the forearm in a volume of 0.1 ml.
A positive result was recorded as a raised nodule at
least 5 mm in diameter. Changes from the pretreat-
ment response were recorded when there was a dif¬
ference of more than a third of the diameter where
the initial response was more than 15 mm in diame¬
ter, and a difference of more than 5 mm where the
initial response was less than 15 mm in diameter.
Immunoglobulins: Serum IgG, IgA, and IgM

levels were measured quantitatively by the single ra¬
dial immunodiffusion technique of Mancini et al.20
using Oxford Diffu-gen plates at room temperature,
and read after 48 and 72 hours.
C. parvum Antibodies: Antibodies were assayed by

the modified latex-agglutination test of Woodruff et
a!.,28 and the antibody titer expressed as log2 recip¬
rocal of the antibody end-point dilution.
Lymphocyte Counts: T-lymphocyte levels were

measured by the sheep erythrocyte resetting assay of
Kaplan and Clark 5 and B-lymphocyte levels were
measured by the "EAC" rosette test of Anthony et al.3
The posttreatment levels of total lymphocytes,

T-lymphocytes and B-lymphocytes were expressed as
the mean counts on the first two occasions they were
tested during treatment. Pre- and posttreatment
counts for the chemotherapy and chemoimmuno-
therapy groups were compared using the Student
t-test.

Clinical Results: The trial study began in March
1975, and each of 33 patients was followed for a
minimum period of six months.
The trial treatment was well tolerated in both

arms. Occasional patients experienced nausea and
diarrhea. In three cases, slight alopecia developed
after six months of treatment. In three others,
leukopenia developed (peripheral blood leukocyte
count less than 3,000/mm3), which necessiated reduc¬
tion of the dose of 5-FU. There was no drug-related
anemia or thrombocytopenia.
Intramuscularly administered C. parvum produced

a local inflammatory response, which many patients
found painful for as long as 48 hours. Abscess forma¬
tion was not observed. Pyrexia, with temperatures as
high as 100 F, was common 6-12 hours after the ad¬
ministration of C. parvum and some patients experi¬
enced slight anorexia and malaise. Treatment did not
have to be discontinued because of toxicity in any
patient, but was stopped whenever the disease pro¬
gressed or was obviously terminal.
The randomization data are shown in Table 1.

There was no significant difference between the two
groups. For the sex distribution, which would not be
expected to influence survival in patients with dis¬
seminated disease, chi-square = 3.49 (0.1 >P>0.05),
and for the distribution of metastases, chi-square =
2.30 (0.5>P>0.3).
None of the 33 patients showed an objective re¬

sponse. There was stabilization of disease in seven
patients. Three patients in the chemotherapy group
were alive after six, 15, and 23 months, and two pa¬
tients in the chemoimmunotherapy group, after 12
and 24 months. The mean and median survival times

Table 2. Clinical Results

Clinical Results Chemotherapy Chemoimmunotherapy

Survival

Mean

Median

Objective response
Stabilization

7.84 ± 2.80 months
7 months

0/19

3/19

6.57 ± 2.56 months
6 months

0/14

4/14

Table 3. Pretreatment Responses to Individual
Skin Tests in 28 Patients

Response Chemotherapy Chemoimmunotherapy Total

Positive 10 9 19

Negative 35 30 65
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Table 4. Serial Responses to Individual Skin Tests in 24 Patients

Pretreatment

Response
Change in
Response Chemotherapy Chemoimmunotherapy Total

Candida

Purified

Protein
Derivative Varidase

Antigen (PPD) Antigen Antigen

Positive

Negative
Positive

Negative
Positive

Increase
Increase

No change
No change
Decrease

2
10

2
26
9

2

2
5

26
5

4

12

7
52
14

2
7

1

18

5

1

2
4

17
3

1

3

2
17

6

are shown in Table 2. Analysis of survival times by the
Mann-Whitney test showed no difference between
patients treated with 5-FU alone or those treated with
5-FU in combination with C. parvum (P = 0.27).
Delayed Hypersensitivity Skin Tests: Twenty-

eight patients were tested prior to treatment; indi¬
vidual test results are shown in Table 3. Of the 28

patients, 15 had results that were negative for all
three antigens, while 13 patients had at least one pos¬
itive skin test each. Forty-three initially negative re¬
sponses to individual antigens remained negative with
serial testing throughout the entire treatment. How¬
ever, there was no consistent pattern of responses that
could be related to either the treatment or the prog¬
ress of the disease. There was considerable variation
in the responses during the course of treatment, and
in some cases, response to individual antigens was se¬
rially observed to increase and decrease relative to
pretreatment responses. Table 4 presents the changes
in the results of skin tests relative to the pretreatment
responses in 24 patients. These were recorded even
when the change was observed only once. Chi-square
tests comparing initial responses with subsequent
changes in the two treatment groups revealed no sig¬
nificant difference.

Immunoglobulins: Serum immunoglobulin levels
of 19 patients were estimated. Before treatment, rela¬
tive to the normal reference range, IgM was elevated
in 10 patients i.e., the observed incidence of higher
than normal values was 52.6 per cent, compared with
the expected 5 per cent. Serial tests performed of
seven of the patients with initially elevated IgM
showed persistent elevation in all seven.
Of the 19 patients tested before treatment, IgG was

elevated in five, and IgA was elevated in three.
Of 14 patients serially tested, changes in serum

immunoglobulin levels occurred in only four, and the
patterns of change were different for individual pa¬
tients.
C. parvum Antibodies: Eleven patients were

tested. Mean C. parvum antibody titers were 5.05 (S.D.

± 1.42) before treatment and 5.09 (S.D. ± 1.38) after
treatment.

Total Lymphocyte, T-Lymphocyte and
B-Lymphocyte Counts: The lymphocyte counts for
eight patients receiving chemotherapy and seven pa¬
tients receiving chemoimmunotherapy are presented
in Table 5. A slight trend towards elevation of
B-lymphocyte levels following treatment with chemo¬
immunotherapy was not statistically significant.

Discussion

Corynebacterium parvum inhibits the growth of ex¬
perimental tumors. Its effects appear to be both
nonspecific, due to macrophage stimulation,16,25 and
specific, due to stimulation of antibody production.25
T-lymphocyte responses in animals vary according to
the route of administration, with activation following
regional injection and suppression following systemic
injection.25
Corynebacterium parvum has been demonstrated to

have an effect additive to that of chemotherapy in
animal tumor systems, but there is conflicting evi¬
dence regarding the relative timing of administration
of chemotherapy and immunotherapy.7,9 Adminis¬
tration of C. parvum induces bone marrow immuno-
cyte precursors,8 and may allow administration of
more effective chemotherapy. In a study reported
by Israel,11 the number and duration of therapeutic
interruptions for leukopenia were halved in patients
treated with C. parvum combined with chemotherapy,
compared with patients treated with chemotherapy
alone.

Most experimental studies have suggested that bet¬
ter results are achieved when C. parvum is adminis¬
tered intravenously or intraperitoneally rather than
intramuscularly or subcutaneously. In man, intraven¬
ous administration has often resulted in serious sys¬
temic reactions, with rigors, pyrexia, nausea, vomit¬
ing, headaches, and hypertension.11,24,27 Although
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Table 5. Serial Counts of Total Lymphocytes, T-Lymphocytes, and B-Lymphocytes

Lymphocytes Chemotherapy (n = 8) Chemoimmunotherapy (n = 7)
Significance,

Student t = Test

Total Lymphocytes
Pretreatment

Posttreatment

T-Lymphocytes
Pretreatment

Posttreatment

B-Lymphocytes
Pretreatment
Posttreatment

1700 ± 851
1880 ± 748

1159 ± 574
1294 ± 614

299 ± 244
314 ± 199

1936 ± 627
2033 ± 918

1375 ± 499

1398 ± 705

294 ± 191
403 ± 212

P > 0.5
P > 0.5

P > 0.4
P > 0.5

P > 0.5
P > 0.2

some invesigators have found these side effects ac¬
ceptable, we found that the intravenous administra¬
tion of C. parvum adds significantly to the morbidity
of treatment. Subcutaneous administration may pro¬
duce painful nodules, with occasional sterile abscesses
and some systemic upset in the form of chills and
fever.11,24 Other investigators have administered C.
parvum intramuscularly.12,27 We have found that this
route causes minimal local and systemic complica¬
tions, and has no associated hematologic change.
However, this trial produced no evidence that the in¬
tramuscular administration of C. parvum in the dose
and schedule utilized had any effect on the course of
disease in patients with advanced colorectal car¬
cinoma.
Failure to change the levels of antibody to C. par¬

vum is contrary to results observed after intravenous
administration.27 We previously treated six patients
who had disseminated melanoma with intravenous
administrations' of C. parvum and imidazole car-
boxamide combined. In these patients, the mean pre¬
treatment antibody titer was 4.83 (S.D. ± 1.17), and
increased to 7.83 (S.D. ± 0.75) after the initial admin¬
istration. In the series of immunologic tests per¬
formed, the only positive finding was the pretreat¬
ment elevation of serum IgM. Elevated levels were
found in more than half the patients, and in those
cases where serial tests were performed, the serum
IgM remained elevated and was uninfluenced by
treatment or course of the disease. Serum IgG levels
have been reported to increase consistently after in¬
travenous administration of C. parvum,14 but this
change was not seen in our patients. Intramuscular
administration of C. parvum in the amount and
schedule used in this trial appears to be inadequate; it
failed to produce significant systemic effects, whether
detrimental or beneficial.

Anergy to recall antigens of delayed-hypersensi-
tivity skin tests in patients with advanced colorectal
carcinoma has been well documented,5 and was con¬

firmed by the results of our study. The changes in the
small number of positive tests did not follow any con¬
sistent pattern and could not be related to prognosis.
Pretreatment lymphocyte counts approached the

lower limit of normal. Lymphocytopenia has previ¬
ously been found in patients with advanced intestinal
cancers17 and in other malignant diseases.29 Lympho¬
cytopenia tends to indicate a poor prognosis. In one
study18 there was no significant correlation between
the initial peripheral lymphocyte count and the rate
of progression after therapy, but in cases involving
both lymphocytopenia and anergy to delayed-hyper-
sensitivity skin tests, prognosis was predictably poor.
B-lymphocytes may be stimulated by the adminis¬

tration of C. parvum, which acts via activated mac¬
rophages,25 and although there was an increase of
B-lymphocytes of about 35 per cent in those patients
receiving chemoimmunotherapy, this elevation was
not statistically significant. T-lymphocyte counts in
our patients were unchanged.
The clearest conclusions that may be drawn from

this trial are that 5-fluorouracil gave disappointing
results in terms of objective response, and that addi¬
tion of the intramuscular administration of C. parvum
was of no apparent benefit. Chemotherapy with 5-FU
in doses and schedules similar to those used in this
trial has been reported to produce objective response
rates of approximately 20 per cent,13 and we are not
sure why no objective response was achieved in any of
our 33 patients.
In experimental systems, nonspecific im¬

munotherapy is most effective in an immunocom¬
petent host with a small tumor burden, and therefore
could not be expected to be effective when used alone
in human patients who have advanced cancer, where
there is depression of immune responses with a large
tumor burden. Clinically, therefore, nonspecific im¬
munotherapy is likely to be restricted to adjuvant
situations or to be used in association with chemo¬

therapy.
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Summary

This study has confirmed that patients who have
advanced colorectal carcinoma have impaired re¬
sponsiveness to delayed-hypersensitivity skin testing,
and also have elevated levels of serum IgM. Serial
observations of delayed-hypersensitivity skin tests,
total lymphocyte counts, T-lymphocyte counts,
B-lymphocyte counts, and serum immunoglobulin
levels failed to reveal any consistent pattern of re¬
sponses in patients treated with either chemotherapy
alone or chemoimmunotherapy. In 33 patients cho¬
sen at random to receive either 5-FU alone or 5-FU in
combination with intramuscularly administered C.
parvum, there was no evidence of objective response
or influence on survival. Intramuscularly adminis¬
tered C. parvum, in the dose and schedule used, pro¬
duced no evident immunologic or therapeutic effect.
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A Trial of Imidazole Carboxamide and Corynebacterium
parvum in Disseminated Melanoma

Clinical and Immunologic Results

G. J. A. CLUNIE, ChM, FRACS,* I. R. GOUGH, MB, FRACS,f M. DURY, BSC,J C. M. FURNIVAL, PhD, FRCS.t
AND P. M. BOLTON, DS, FRACSf

Nonspecific immunotherapy with monthly intramuscular (IM) injections ofCorynebacterium parvum has
been investigated in patients with disseminated melanoma. Forty-nine patients were randomized to
receive either imidazole carboxamide (DTIC) alone or DTIC plus C parvum. A 24% overall objective
response rate was observed, with no significant difference between the response rate or survival of the
two treatment groups. Immunologic studies revealed no significant difference between the two groups.
One patient undergoing chemoimmunotherapy demonstrated profound pancytopenia which responded
to cessation of therapy, but toxic reactions were otherwise minimal. No advantage was obtained by
adding IM injected C parvum to standard chemotherapy in the treatment of disseminated melanoma.

Cancer 46:475-479, 1980.

Survival time after diagnosis of dissemination ofmelanoma is short (median time, six months).
Although an overall objective response rate of 20-30%
has been achieved following the administration of
dimethyl-triazeno-imidazole carboxamide (DTIC), the
most effective single chemotherapeutic agent to date,
the complete remission rate has been less than 5%.4
There is no convincing evidence that chemotherapy has
increased overall survival.
Combination chemotherapy is more effective than

single-agent therapy in the treatment of a number of
other human malignancies. However, combinations of
DTIC, bischloro-ethyl nitrosourea, (BCNU) and
hydroxyurea,3 of cyclophosphamide, vincristine, and
procarbazine,2 and of DTIC, BCNU, and vincristine3
have produced no major additional benefit in small
series of patients with disseminated melanoma, while
adding to the toxicity of therapy. It is apparent that
other drug combinations must be tried or other
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approaches adopted if patients are to receive adequate
treatment.

The majority ofagents used in the systemic treatment
of malignant disease are immunosuppressive,14
although DTIC appears to be less so than most.1617 If
tumor-specific immunity plays any role in the control
of clinical malignancies, chemotherapy-induced
immunosuppression could facilitate rather than inhibit
tumor growth, and it seems reasonable to combine
some form of immunity stimulation with systemic
chemotherapy in an attempt to minimize this effect.
Because of this and the relatively poor results

obtained by ourselves and others in the control of
disseminated melanoma, we started a controlled,
randomized trial of treatment with DTIC alone vs.

DTIC in combination with the nonspecific immunity
stimulant Corynebacterium parvum in March 1975. The
objectives of the study were primarily to determine the
possible clinical benefit of adding C parvum to a
conventional therapeutic regimen, and secondarily to
determine the effect of both forms of therapy on a
number of indices of the patient's immunity response.

Materials and Methods

Patient Selection

Persons accepted for the trial had histologically
proven melanoma with widespread recurrence after
primary treatment or dissemination on first presenta¬
tion. While suffering from disseminated melanoma, the
patients were in reasonably good general health, with

0008-543X/80/0801/0475 $0.75 © American Cancer Society
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Table 1. Randomization Data

Patient data
Chemo¬

therapy
Chemo¬

immunotherapy Combined P

Number 27 22 49
Mean age (years) 48.9 46.9 48.0 >0.82
Sex ratio (M/F) 20/7 16/6 36/13 >0.85
Site of metastases
Node 12 9 21 >0.80
Liver 4 3 7 >0.90
Lung 11 8 19 >0.70
CNS 5 4 9 >0.80
Skin 10 10 20 >0.50
Bone 5 3 8 >0.60

CNS = central nervous system.

adequate reserves of bone marrow, and hepatic and
renal function. No age limit was set. No patient had
been treated previously with DTIC or C parvum. The
objectives and practical details of the trial were

explained to the patients and relatives, and informed
consent obtained.

Treatment Program

Patients were randomized to receive DTIC alone or

DTIC plus Cparvum. No stratification was attempted.
The DTIC was administered intravenously (IV) in a
dose of 2.5 mg/kg/day by means of bolus injection for
five consecutive days, and the course was repeated at
four-week intervals. The C parvum was administered
intramuscularly (IM) at a dose of 7 mg (Wellcome
Coparvax, a formalin-killed suspension containing 7 mg
dry weight of organisms per milliliter preserved in
thiomersal 0.01%) one week before starting DTIC and
at four-week intervals thereafter.
The patients were reviewed prior to each course of

treatment for evidence of progression, stabilization, or
remission of disease, and toxicity. Schedules for dose
modification were followed if there was evidence of

toxicity. Treatment was stopped after three courses if
there was no evidence of stabilization or objective
response as defined below.

Criteria for Response
An objective response was defined as complete or

partial, a complete response being complete disappear¬
ance of all measurable disease, and partial response, a
50% or greater reduction in the area of all measurable
tumor with no new or progressing lesions, and this
reduction being sustained for at least a month.
Stabilization was defined as no increase in tumor size

or a less than 50% reduction over a three-month period.
Treatment failure was defined as an increase in disease.

Investigations

Peripheral blood samples were taken before initiatio
of treatment and before each course of therap>
Complete blood counts, including haemoglobin
platelet, and total and differential white blood ce

counts, and hepatic and renal function tests wer

performed using standard techniques. The number c
T lymphocytes was measured by means of shee
erythrocyte rosetting assay,13 and B lymphocytes, b
means of the EAC rosette technique.1
Serum immunoglobulin levels (IgG, IgA, and IgM

were determined by means of a single radioimmunc
diffusion technique.15 Anti-C parvum antibodies wer
measured by means of a modified latex agglutinatio
test.24

Statistical Analysis

Survival from time of randomization (which cor

responded to time of entry) in the two patien
groups was analyzed by means of the Log-rank test.1
Chi square tests were used in order to determine th<
significance of differences in sex and site of metastase:
in randomization data, and in response rates. Mann
Whitney nonparametric analysis was used for compari
son of pre- and post-treatment investigation results anc
age in the randomization data.

Results

The trial started in March 1975 and ended in Jul;
1978. The 36 male and 13 female patients who wen
admitted ranged in age from 13 to 77 years (mean, 46.c
years). The minimum follow-up period was five months
Randomization data are recorded in Table 1. Then

was no significant difference between the chemo
therapy and the chemoimmunotherapy groups in term;
of age, sex, or site of metastases.

Clinical Response

The median survival time of all patients was 23;
days, with 14 patients alive at the time of analysis ir
December 1978. The median survival time for both

chemotherapy and chemoimmunotherapy groups was
identical. Survival data is displayed in Fig. 1. No dif¬
ference was observed between the two treatmen

groups (x2 = 0.0; df, 1; P > 0.998). Complete response;
as previously defined were seen in 4 patients, 2 ir
each group. All 4 are alive at intervals of 183 to 65'
days, although 2 now have recurring disease. Partia
responses were observed in 8 patients, 4 in each group
The total objective response was therefore 12 of 4'
patients, a rate of 24%. Objective responses wert
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Fig. I. Survival times for patients under¬
going chemotherapy alone and chemo-
immunotherapy.

-CHEMOTHERAPY ALONE

CHEMOIMMUNOTHERAPY

observed in 7 of the 13 females, and in only 5 of the
36 male patients. There was no significant difference
between the objective response rates of the two treat¬
ment groups (x2 = 0.10; df, 1; F>0.70). Objective
responses were seen most frequently in patients with
metastases affecting the skin and subcutaneous tissue
(8 of 20). lymph nodes (5 of 21), and bone (2 of 8). No
response was seen in any patient with hepatic or
cerebral metastases. Of the 35 patients who died,
many showed signs of cerebral involvement during
therapy, and 23 were shown to have cerebral metas¬
tases at the time of death. In 2 of the surviving 14,
overt cerebral involvement developed during therapy.
Stabilization was seen in 2 patients undergoing

chemotherapy and in 3 undergoing chemoimmuno-
therapy. The remaining patients failed to respond,
and treatment was stopped after three courses if the
patient had survived to that stage.

Toxicity
Treatment was tolerated by all patients, but DTIC

produced nausea and vomiting following the first or
second dose ofeach course in all but 6 of the 49 patients.
Intramuscular injection of C parvum caused mild local
inflammation, with minor local discomfort lasting up to
48 hours, and was best tolerated when injections were

given into the gluteal muscle mass. No abscess forma¬
tion occurred. A pyrexia of up to 38°C was frequent
in the first 24 hours, and 8 of the 22 patients regu¬

larly complained of mild malaise and headache lasting
up to 48 hours.
Bone-marrow toxicity leading to alteration in drug

doses was seen only once, in a patient receiving both

180 360 540 720 900

SURVIVAL IN DAYS

DTIC and C parvum. After 13 months of treatment,
this patient, whose disease had stabilized, had severe

leukopenia, thrombocytopenia, and megaloblastic
anaemia, which responded rapidly to withdrawal of
therapy and administration of folate. The cause of this
pancytopenia remains uncertain. There was no evi¬
dence of renal or hepatic toxicity in any patient.

Investigations

A summary of the results of hematologic and im¬
munologic investigations is presented in Table 2 in the
form of mean values before and after treatment. For

analysis, posttreatment levels of hemoglobin, total
lymphocytes, T and B lymphocytes, immunoglobulins,
and anti-C parvum antibodies were expressed as the
mean counts of the first three measured after starting
treatment. A fall in T-cell counts and a rise in anti-

Table 2. Results of Hematologic and Immunologic Investigations
Before and After Treatment

Chemotherapy
Chemoimmuno-

therapy
(mean values) (mean values)

Laboratory data Before After Before After P values

Hemoglobin (g/dl) 13.5 13.2 14.0 13.8 >0.82
Total leukocyte count/

mm3 6683 5216 7414 6642 >0.66
T cells/mm3 1035 1074 1498 1046 >0.14
B cells/mm3 297 236 335 227 >0.66

IgG (mg/dl) 1286 1284 1192 1180 >0.80

IgM (mg/dl) 143 139 135 131 >0.82
Anti-C parvum anti¬
bodies (log2) 4.6 4.9 5.2 6.0 >0.12
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C parvum antibodies were seen in patients receiving
C parvum, but these changes did not reach the 5%
level of significance when compared with the group
undergoing chemotherapy alone. No other consistent
change in the other parameters was observed, either
within each treatment group or in comparisons be¬
tween the two groups.

Discussion

Killed vaccines of the anerobic organism C parvum

provide strong stimulatory effects on the reticuloendo¬
thelial system11 and inhibit the growth of experimental
tumors.23 The effect of C parvum appears to be both
nonspecific, due to macrophage activation, and
specific, due to B-lymphocyte stimulation, resulting
in antibody production.22 T-lymphocyte responses

vary with the route of administration, with activation
following regional injection, and suppression following
systemic injection.
In experimental studies, C parvum is most effective

in an immunologically competent host with a small
tumor burden. Logically, its use as a single agent in
clinical practice should therefore be confined to adju¬
vant therapy in poor prognosis patients with low
tumor burden after apparently curative surgery.
In the mouse, IV or intraperitoneal injection of

C parvum as a single agent provides a greater anti-
tumour effect than IM or subcutaneous injection.
However, the quantity of C parvum tolerated in the
human is considerably less than that utilized experi¬
mentally in the mouse, and even the comparatively
small doses used for IV injection clinically have re¬
sulted in frequent severe reactions such as rigor,
pyrexia, vomiting, headache, and hypertension.12,20,21,25
At least one fatality due to myocardial infarction has
been recorded.1" Although these side-effects can be
modified by steroid administration, and are regarded
as tolerable by some investigators,9,18 it seems unlikely
that IV administered C parvum will be widely accepted
for single-agent adjuvant therapy for patients with
minimal residual disease unless the toxic reactions can

be further reduced.
However, C parvum has also been shown experi¬

mentally to have an additive antitumor effect when
given in association with chemotherapy, although the
optimal timing of administration relative to chemo¬
therapy remains uncertain. Currie and Bagshawe6
found in a mouse fibrosarcoma model that the effect
was greatest if chemotherapy was given before C
parvum, probably because of the initial reduction of the
tumor mass. Fisher et al.8 concluded from studies with
a mouse mammary tumor model that the agents could
be administered simultaneously with no loss of effect.
Thus the clinical use of C parvum may be more

appropriate in a supportive role in small doses in associ¬

ation with standard chemotherapy, either as adjuvant
treatment of minimal residual disease, or in the treat¬
ment of disseminated tumour. Israel12 demonstrated
that the frequency and duration of therapeutic inter¬
ruptions for leukopenia may be halved in patients
with disseminated tumor receiving small doses of C
parvum administered subcutaneously in combination
with standard chemotherapy, as compared with pa¬
tients undergoing chemotherapy alone. This effect
has been attributed to the potent induction effect of
C parvum on bone-marrow precursors7 and the bene¬
ficial effects of C parvum in terms of tumor control
as demonstrated by Israel may have resulted from more
effective chemotherapy rather than from any specific
antitumor effect of C parvum itself.
Subcutaneous administration of C parvum may

produce painful nodules or sterile abscesses and sys¬
temic symptoms in the form of chills and fever.12,20
The current trial was designed with the primary ob¬
jective of providing a definitive study of the effect of
addition of IM injections of C parvum to a standard
regimen of chemotherapy in the treatment of patients
with disseminated melanoma, in the hope that clinical
benefits might be obtained with fewer toxic side-
effects. It is clear from the results of this study and
earlier work25 that IM injections of C parvum are
well tolerated, with minimal and readily accepted local
and systemic effects. However, the loss of side-effects
may be counterbalanced by loss of efficacy. The rise
in anti-C parvum antibodies was greater than that
seen in patients not receiving C parvum, although it
was markedly and significantly less than that we ob¬
served in patients receiving combined IV C parvum
and DTIC for treatment of disseminated melanoma in
whom the antibody titer rose from a pretreatment level-
of 4.83 (SD, 1.7) to 7.83 (SD, 0.75) after the first
treatment (unpublished observations). The rise in anti-
C parvum antibodies and the fall in T cells observed-
in some patients receiving C parvum together with the
mild side-effects all suggest that IM injection of C
parvum does produce systemic effects. However, it is
also clear that such injections produce no clinical
benefit in terms of tumor control. Comparison with the
results reported by Israel12 using subcutaneous C
parvum suggests that the lack of benefit may have
been due to the absence of marrow toxicity producec
by the chemotherapeutic agent used in this trial, sc
that C parvum was not necessary in order to demon
strate any marrow-sparing effect.
This trial produced objective results in the treat

ment of disseminated melanoma which are similar tc

those described by other workers using DTIC. Then
was a striking lack of effect in most patients wit!
visceral metastases. In particular, there was no evi
dence of benefit for patients with central nervou;
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system involvement, either in terms of treatment or
inhibition of metastatic development. Improvements
in therapy for patients with visceral metastases from
melanoma must await the development of new ap¬

proaches or more effective chemotherapeutic agents
used singly or in combination.
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Acceleration of B16 melanoma growth in mice
after blood transfusion
D. M. A. Francis, F.R.C.S., Christine P. Burren, and G. J. A. Clunie, F.R.C.S., F.R.A.C.S.,
Parkville, Victoria, Australia

Evidence suggests that blood transfusions depress immunologic reactivity; as some
tumors are influenced by the immune status of their host, it is possible that transfusions
could promote tumor growth by impairing host immunity. The influence of blood
transfusion on the growth of a transplantable B16 melanoma was examined in nude
(athymic) CBA mice and immunocompetent C57 BL/6J mice. Recipients were given
infusions of saline solution or syngeneic or H-2-incompatible allogeneic blood
transfusions on two occasions 3 days apart. Infusions were begun 10 days before
inoculation of a single cell suspension of B16 melanoma. Growth was determined by
measurements of primary tumor volume and tumor weight after excision. There was
no statistically significant difference in tumor size or weight between the three
recipient groups of athymic mice. However, immunocompetent mice given
H-2-incompalible allogeneic blood had higher rales of tumor engraftmenl—saline
solution recipients versus allogeneic recipients: x: = 13.2, dj = 1, p < 0.001; syngeneic
recipients versus allogeneic recipients: x! = 2.92, df - 1, p > 0.05. In the allogeneic
group significantly larger and heavier tumors developed than in mice given syngeneic
blood or saline solution. The study indicates that H-2-incompatible allogeneic blood
transfusions can influence the growth of a transplantable murine tumor by a
mechanism that involves a cell-mediated immune response.

From the Department Of Surgery, Royal Melbourne Hospital, Parkville, Victoria, Australia

Clinical and experimental studies indicate that alloge¬
neic blood transfusions have significant effects on the
immune systems of recipients.Although some
changes may be subtle and their importance difficult to
assess, evidence suggests that in some circumstances the
overriding consequence of transfusion is to induce a

degree of functional hyporesponsiveness to antigenic
stimuli." Some tumors in human beings and in exper¬
imental animals stimulate specific antitumour immune
responses and may be influenced by the activity of the
host's immune system.17 Therefore the possibility arises
that blood transfusions given to tumor-bearing hosts
could influence immunologic reactivity so that
responses against tumors are depressed and tumor
growth is increased. This study was undertaken to
examine the effect of blood transfusion on tumor

growth in an experimental animal model.
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MATERIAL AND METHODS

Blood transfusion recipients and tumor hosts.
Adult male mice of two inbred strains were used as

recipients of blood transfusions and as tumor hosts.
Group I consisted of nude athymic CBA (CBA/nu)
(H-2k) mice and group II consisted of C57 BL/6J
(H-2b) mice.
Blood donors. Adult male mice of the following

four inbred strains were used as allogeneic blood
donors: (1) BALB/C (H-2") mice, (2) CBA(H-2")
mice, (3) ATL (H-2") mice, and (4) ATH (H-2,:).
Blood was collected in preservative-free heparin after
cardiac puncture was performed while the animals
were under general anesthesia. Blood was transfused
within 30 minutes.
Transfusion regimen. Two recipient control groups

for each strain received allogeneic blood: (1) mice that
received normal (0.9%) saline solution and (2) mice
that received blood from syngeneic donors. Each saline
solution infusion or blood transfusion was 0.2 ml in
volume and was given intravenously on days 0 and 3.
The allogeneic blood donor-recipient combinations are
shown in Table I. Each group of recipients consisted of
10 animals within each experiment.
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DAYS AFTER INOCULATION

Fig. 1. Tumor volumes in C57BL/6J mice after saline solution infusion or syngeneic or allogeneic (BALB/C)
blood transfusion.

Table I. Allogeneic blood donor-recipicnt combinations
Blood donor Recipient

Strain H-2 haplolype Strain H~2 haplolype No. Tumor dose (viable cells)

BALB/C d C57BL/6J b 10 1 X 10s
BALB/C d CBA/nu h 10 1 X 10s
CBA h C57BL/6J b 10 0.5 x 104
ATL tl C57BL/6J b 10 0.5 X 10'
ATH i2 C57BL/6J b 10 0.5 X 10'

Tumor. A transplantable B16 melanoma, syngeneic
for C57 BL/6J mice, was established in tissue culture.
A single cell suspension was prepared—nonnccrotic
pieces of a B16 melanoma from a C57 BL/6J mouse
were diced and large cell clumps and debris were
removed by passage through a wire sieve. Cells were
maintained in medium RPM1 1640 (Flow Laborato¬
ries, New South Wales, Australia), supplemented with
10% fetal calf serum, 1% L-glutamine, and penicillin-
streptomycin in 80 cm2 plastic tissue-culture flasks and
cultured in a humidified incubator in air with 5% COj
at 37° C. Before each experiment tumor cells were
harvested during the exponential phase of growth by
5-minute trypsinization (0.1% trypsin, 0.2% versene),
washed twice, and resuspended in RPMI 1640. Cells
were subcultured a total of six times before inoculation.
Before transplantation, cell viability was checked by

means of eosin exclusion. Tumor cells were counted in
a hemocytomcter, and the volume was adjusted by the
addition of RPMI 1640 to give a final concentration of
1 X 10s or 0.5 X 10' cells/ml. The tumor challenge
dose was 1 X 10s cells in CBA/nu mice and in C57
BL/6J mice that received blood from BALB/C donors,
and 0.5 X 10' cells in C57 BL/6J mice that received
blood from CBA, ATL, and ATH donors. Cells were

injected subcutaneously into the left flank with use of 1
ml syringes that had 0.01 ml gradations.
Experimental plan. After saline solution infusion or

blood transfusion on days 0 and 3, animals were
inoculated with 1 X 10s or 0.5 X 10' B16 melanoma
cells on day 10 (Table I). After they became palpable,
primary tumors were measured daily in two diameters,
and volumes were calculated by the method of Perri et
a 1." When the largest primary tumor in each experi-
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Fig. 2. Tumor weights after excision from C57BL/6J mice after saline solution infusion (SAL), syngeneic
transfusion (SYN), or allogeneic transfusion (ALLO) from BALB/C donors.
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Fig. 3. Tumor volumes in athymic CBA mice after saline solution infusion or syngeneic or allogeneic
(BALB/C) blood transfusion.

mental group reached a diameter of approximately 20
mm, all animals in that group were killed and tumors
were excised and weighed.
Statistical methods. The statistical significance of

differences among results of experimental groups was
determined with the Mann-Whitney U test. The

significance of differences in the proportion of each
experimental group that manifested tumor develop¬
ment after inoculation was determined with the xs
test.

Ethical considerations. All procedures that
involved experimental animals were performed under
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Fig. 4. Tumor weights after excision from athymic CBA mice after saline solution infusion (SAL), syngeneic
transfusion (SYN), or allogeneic transfusion (ALLO) from BALB/C donors.
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Fig. 5. Tumor volumes in C57BL/6J mice after saline
solution infusion, syngeneic transfusion, or allogeneic trans¬
fusion from CBA, ATL, or ATH donors.

license from the Department of Agriculture, Govern¬
ment of Victoria, Australia, and used the guidelines of
the National Health and Medical Research Council of

Australia, which were adopted by the Animal Ethics
Committee of the University of Melbourne.

Transfusion from BALB/C donors to C57 BL/6J
recipients. Tumors grew in eight (80%) recipients of
allogeneic blood, seven (70%) syngeneic blood recipi¬
ents, and six (60%) saline solution recipients. Animals
were killed on day 30. Primary tumors were signifi¬
cantly larger (Fig. 1) and heavier (Fig. 2) in animals
given allogeneic blood than in those given syngeneic
blood (p < 0.02 [volume]; p < 0.01 [weight]) or saline
solution (p < 0.01; p < 0.001).
Transfusion from BALB/C donors to CBA/nu

recipients. Primary tumors grew in all CBA/nu
recipients, which were killed on day 35. There was no
statistically significant difference between the group
transfused with allogeneic (BALB/C) blood and the
two control groups (given saline solution or syngeneic
blood) with regard to daily tumor volumes (Fig. 3) or
tumor weight after excision (Fig. 4).
Transfusion from CBA, ATL, or ATH donors to

C37 BL/6J recipients. Tumors grew in all recipients
of allogeneic (CBA, ATL, or ATH) blood, in only 50%
of controls given saline solution (x3 = 13.2 df = 1,
p <0.001), and in 90% of controls given syngeneic
blood (x3 = 2.97, dj" 1, p > 0.05). Animals thai
received allogeneic blood had significantly larger
tumors than either syngeneic-transfused (C57 BL/6J)
or saline-infused control groups (Fig. 5). There were
no significant differences in tumor volumes among the
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Fig. 6. Tumor weights after excision from C57 BL/6J mice after saline solution infusion (SAL), syngeneic
transfusion (SYN), or allogeneic transfusion from CBA, ATL or ATH donors.

three groups 6f allogeneic blood recipients; nor was
significant difference found between the growth of
tumors in the two control groups. Animals were killed
on day 29 (15 days after tumor inoculation), and there
was no significant difference between the weights of
tumors in animals given,saline solution or syngeneic
blood (Fig. 6). Tumors from animals that received
allogeneic blood were significantly heavier than those
from the saline solution or syngeneic groups (CBA:
p < 0.05, saline; p < 0.05 Syngeneic. ATL: p < 0.02.
p < 0.005; ATH: p < 0.02, p < 0.002, respectively).
There was no statistically significant difference among
the weights of tumors in animals that received blood
from the three allogeneic donors.

DISCUSSION

The study shows that prior transfusion with H-
2-incompatiblc allogeneic blood of immunocompetent
(but not athymic) mice is associated with increased
growth of a transplantable syngeneic tumor and dem¬
onstrates that blood transfusion can influence tumor

growth by an immunologic mechanism that is depen¬
dent on T-cell activity. Transfusion between syngeneic
mice produced no efTcct on subsequent tumor growth,
whereas transfusion between H-2-histoincompatible
donor-recipient allogeneic strains produced significant
enhancement of tumor growth in terms of cngraftmcnt
and volume and final weight of tumor. Transfusion
between H-2-compatible allogeneic strains was not.

studied in these experiments; we arc thus unable to
determine from our data whether H-2 incompatibility
or other allogeneic factors were responsible for the
increase in tumor growth. These experiments are a
continuation of our previous studies in which a rat
model was used and in which allogeneic transfusion
increased growth of a transplantable, chemically
induced antigenic tumor" and was associated with
significant reductions of in vitro lymphocyte reactivity
to nonspecific (mitogenic) and specific (tumor extract)
stimulation, as well as with a significant increase in the
lymphocyte suppressive activity of the recipients' plas¬
ma.20
Other studies have also shown that blood transfusion

has significant consequences on the immune system of
recipients. Damaged red blood cells in stored blood
impair mononuclear phagocytic cell function1 and
reductions of mixed lymphocyte reactivity after trans¬
fusion have been attributed to phagocytic cell deple¬
tion.2 Blood transfusion induces antigen-specific and
HLA-indcpendcnt suppressor T lymphocytes,2'4
increases suppressor cell activity,1'•* and reduces natural
killer-cell function.7 The suppressive activity of plasma
against allogeneic lymphocytes increases after transfu¬
sion,' mainly as a result of an increase in the suppres¬
sive nature of the plasma protease inhibitor, a}-
macroglobulin, and a peptide with a small molecular
weight.' Lymphocyte reactivity, as measured by mixed
lymphocyte culture and phytohemagglutinin stimula-



490 ' Francis, Burren, Clunie Surgery
September 1987

tion tests, is reduced in anemic patients after transfu¬
sion.10 Immune complexes may be detected in the
plasma of recipients of blood transfusions." Transfu¬
sion leads to increases in the number of circulating
immunoglobulin-sccreting cells" and in a variety of
antibodies, including Fc-receptor blocking antibodies,"
specific anti-T and anti-B cell lymphocytotoxic anti¬
bodies,"and anti-idiotypic antibodies." The overall
immunologic effects of allogeneic transfusion are diffi¬
cult to assess, but evidence indicates that recipients of
transfusions exhibit impaired responsiveness to anti¬
genic stimulation." This concept is supported by
results of clinical transplantation studies, which show
that among renal transplant recipients graft loss from
acute rejection is significantly lower in patients who
received transfusions than in those who did not.31
However, such patients are chemotherapeutically
immunosuppressed from the time they receive the
allograft; the combination of immunosuppression and
blood transfusion may be critical for the "blood trans¬
fusion effect" in human renal transplantation.-
The relationship between tumor behavior and host

immunity is complex, bu't some tumors in human
beings and experimental animals are influenced by the
immune system of their host. In allograft recipients,
deliberate suppression with immunosuppressive drugs
is associated with significant increases in the incidence
of most types of de novo malignant tumors.33 Animal
studies have shown that corticosteroids,33 azathio-
prine,24 and antilymphocyte serum33 can increase the
incidence and spread of virus-induced and spontane¬
ously occurring tumors. The influence of immune
manipulation of preexisting malignant tumors is less
certain. In some controlled clinical trials, use of the
immune stimulant levamisole hydrochloride as an
adjuvant agent has been shown to significantly improve
disease-free survival after treatment of carcinoma of the
breast, lung, and gastrointestinal tract, although other
studies have failed to confirm these results.26 Suppres¬
sion of the immune system appears to allow survival
and metastatic spread of malignant cells that are
transplanted with organ allografts.3' Cessation of
immunosuppressive therapy in such patients has been
associated with allograft rejection and regression of
disseminated tumor deposits.33 Evidence from immuno¬
suppressed patients who have undergone liver trans¬
plantation for primary hepatomas confined clinically to
the excised liver suggests that immunosuppression
adversely affects host resistance to malignant cells
because recurrent disease frequently occurs shortly
after transplantation and often with very rapid
growth.3" Thus there is some evidence to suggest that in

some situations, immune depression may be advanta¬
geous to tumor growth. It would therefore seem
reasonable to exclude as many factors that impair host
immunity as possible from the management of cancer
patients.

Several studies have examined the influence of blood
transfusion on tumor growth in animals. Horimi et al.30
found that transfusion of whole blood from BDF
(H^") mice into C 3H (H-2k) mice 2 weeks before
transplantation of an MH 134 hepatoma significantly
increased tumor growth in comparison with transfu¬
sions from C 3H and AKR mice, which have the same
MHC haplotype (H-2k). This indicates that H-2
incompatibility, rather than a non-H-2 difference, is
an important determinant for the "transfusion effect"
on tumor growth. Kagawa31 has also shown that H-2
disparity is required for a transfusion effect on the
growth of MH 134 hepatoma cells and Lewis lung
carcinoma cells in syngeneic mouse strains.
Preliminary results from our B16 melanoma mouse

studies suggest that the timing of transfusion may be an
important variable in the transfusion effect on tumor

growth.33 Judson et al.33 found that transfusions of
allogeneic blood given before inoculation of R3 mice
with a metastisizing mammary tumor led to a signifi¬
cant reduction in survival compared with nontrans-
fused controls. However, they also found that multiple
syngeneic or allogeneic transfusions given before and
after tumor inoculation produced a significant increase
in survival compared with infusions of saline solution,
and they ascribed this overall "beneficial effect" of
transfusion to the influence of improved nutrition.
Other studies have failed to demonstrate an influ¬

ence of transfusion on tumor growth. Marquet et al.34
found that transfusion of BN rats with WAG rat whole
blood 1 week before intravenous injection of LS 175
sarcoma cells had no effect on the formation of artificial
pulmonary metastases. However, when the rats under¬
went major surgery with allogeneic transfusion 1 week
after tumor inoculation, there was a significant
increase in the number of lung nodules in comparison
with animals that underwent surgery with syngeneic
transfusion. Our study did not consider the influence of
transfusion on the presence or size of metastases of the
B16 melanoma—only the presence, size, and weight of
the primary tumor. Other studies have shown that
single or multiple allogeneic transfusions may protect
against tumor engraftmcnt and growth.33'36
In conclusion, this study showed that transfusion in

mice with H-2-incompatible allogeneic blood leads to a
significant increase in the growth of a subsequently
transplanted syngeneic tumor and indicates that this
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;ransfusion effect is due to an immunologic mechanism
;hat is absent in athymic mice. Although these results
ire in general agreement with the graft-enhancing

I iffect of pretransplant transfusion, they cannot be
ixtrapolated to a clinical setting in which cancer
jatients receive blood at the time of definitive cytore-
luctive therapy (a situation that is quite distinct from
he scenario of transfusion in patients with chronic
enal failure weeks or months before transplanta-
ion).37 At present, the effect on prognosis of blood
ransfusions given to patients at the time of treatment
or malignant disease is not definitely known, and a
irect causal relationship has yet to be established in
uman beings.3®

We thank Mr. P. J. Masendycz for excellent technical
;sisiance.
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T/SSUE CULTURE

Many of my studies in immunology have involved tissue culture

techniques, so that a natural result of my involvement in endocrine

surgery and in the care of burns patients has been some small studies,

firstly into the culture of parathyroid tissue as a basis for possible

allotransplantation, demonstrating viability and functional maintenance for

up to 140 days in culture and also following cryopreservation (83), and

secondly into the culture of keratinocytes (84,85), which have formed

the basis for the growth of skin for autotransp/antation in burns recipients

in Melbourne.

■
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URGICAL RESEARCH

A TECHNIQUE FOR THE IN VITRO CULTURE OF HUMAN
PARATHYROID GLAND TISSUE

George Matalanis1*, Gordon J. A. Clunie2' and Robert H. Whitehead3'
*Department ofSurgery, University ofMelbourne, Parkville, Victoria and fLudwig Institute for Cancer

Research, Melbourne Tumour Biology Branch, Royal Melbourne Hospital, Victoria
A technique for prolonged in vitro culture of human parathyroid tissue is described. Cells could be maintained
in this monolayer system and were shown to continue releasing high levels of parathyroid hormone into
their culture medium even after 140 days in culture. Furthermore, growth of fibroblasts, persistence of
epithelial cells and parathyroid hormone release was demonstrated in cells derived from parathyroid tissue that
had been cryopreserved for 2 years. The availability of viable and functioning human parathyroid tissue
produced in this culture system may be of value in both auto- and allo-transplantation in patients with
permanent hypoparathyroidism.

Key words: parathyroid, tissue culture, transplantation.

Introduction

A method for the long-term culture of parathyroid
gland tissue in vitro is not currently available. Most
investigators have concentrated on the physiology
of parathyroid hormone (PTH) secretion in short-
term cultures of tissue slices.1-3 The cells in these

organ cultures rapidly degenerated and lost function
within 2-3 weeks. There is one report of a tech¬
nique for the culture of single cell suspensions by
which the cells could be maintained in a functional
state for approximately 3 weeks.4
There is a need for a method for the prolonged in

vitro culture of parathyroid tissue in a viable and
functional state, not only for the study of the physi¬
ology of PTH secretion, but also as a therapeutic
tool. Hypoparathyroidism, whether postoperative
or primary, is a severe endocrine disability attended
by the constant threat of dangerous hypocalcaemia
if calcium and vitamin D supplements are not taken
daily. Parathyroid culture would offer the possibil¬
ity of autotransplantation should a person develop
permanent hypoparathyroidism following surgery.
In addition, if rejection problems could be over¬
come, cultured cells could be used as an allotrans-
plant to treat cases of permanent hypoparathyroidism.
A simple and reliable technique for the prolonged

tissue culture of human parathyroid tissue is de-
'MB MS, FRACS. 2FRACS. FRCS. 3MSc, PhD.
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scribed. This tissue was shown to maintain viability
and function for over 140 days in culture and after
cryopreservation as demonstrated by the secretion
of immunoreactive PTH into the culture medium.

Methods

TISSUES

Parathyroid tissue was obtained from freshly ex¬
cised parathyroid glands. The tissues studied con¬
sisted of either hyperplastic parathyroid glands
from chronic renal failure patients, or adenomas
which were causing primary hyperparathyroidism.

CULTURE METHODS

The tissue was transported immediately from the
theatre to the laboratory, whereupon it was washed
free of blood with cold RPMI 1640 (Flow Labora¬
tories, Virginia, USA) containing 10% fetal calf
serum (FCS) (CSL, Melbourne, Australia). It was
then sliced with a sharp scalpel into explants of
approximately 1 mm3. The explants were trans¬
ferred into 25 ml flasks (Disposable Products, SA,
Australia) using 6-10 explants per flask in 1 ml of
RPMI 1640 plus 10% FCS, 1 ,wg/ml hydrocorti¬
sone, 0.6 /<g/ml insulin and 10 5 mol/1 a-
thioglycerol, pH 7.2.5 The flasks were incubated at
37°C in a humidified atmosphere of 5% C02 in air.
The cultures were left undisturbed for 3 days to
encourage adhesion of the explants to the bottom of
the dish, after which the medium was replaced with
4 ml of fresh medium. Thereafter, medium changes
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were performed every 4-7 days depending on
medium pH.
Morphological progress of the cultures was ob¬

served using a Nikon phase contrast inverted micro¬
scope, and photomicrographs were obtained using a
Nikon FX35A camera.

HORMONE ASSAYS

For determination of PTH levels in the culture
medium of cultures of different ages in vitro, the
supernatant which had been in contact with the cell
culture for 3 days was assayed.

PTH levels were determined by radio-immuno-
assay utilizing an antibody against the C-terminal
of PTH. The intra- and inter-assay co-efficients of
variation for this assay system are 7% and 9%
respectively (Endocrine Laboratory, Royal Mel¬
bourne Hospital). Assays were done in duplicate
and fresh culture medium, as well as culture me¬
dium from a fibroblast culture: two human colon
carcinoma cell lines, LIM1863 and LIM1899 and a

gastric carcinoma cell line, LIM1839 were used as
controls (unpubl. data).

CRYOPRESERVATION

The parathyroid tissue was cut into small (1 mm3)
pieces as described above and suspended in a freez¬
ing mixture consisting of RPMI1640 plus 20%
fetal calf serum and 10% dimethylsulphoxide (BDH
Chemicals, Poole, UK). This suspension was ali-
quoted into 1 ml volumes in freezing vials (Dispos¬
able Products) and cooled with liquid N2 in a BF-5
biological freezer for 90 min and then transferred to
the gas phase of a liquid N2 tank. For thawing, the
vials were removed from liquid N2, thawed rapidly
in a 37°C waterbath and the suspension was diluted
in 10 ml of tissue culture growth medium. The
medium was changed after 24 h and the cultures
were observed regularly for growth.

Results

A total of 17 different parathyroid biopsies were
studied either for morphology or PTH secretion or
both.

MORPHOLOGY

It was found that 25-30% of explants did not
attach to the bottom of the culture dish, which were

removed with the first medium change. During the
first 5-7 days after plating, little or no growth was
seen. Occasionally, a cluster of cells dislodged
from the main explant mass and spread on the cul¬
ture surface to form a small epithelial colony (Fig.
1). This colony grew for a short while but then

Fig. 1. Parathyroid adenoma after 1 week in culture. Note
the small epithelial colony growing independently of the
main explant mass.

rapidly degenerated and was shed into the super
natant. It is suspected, although there is no proof,
that these represent true parathyroid cells attempt
ing to grow on the culture surface. However,
without the support of the fibroblasts normally sur¬
rounding them in their native environment, they
rapidly die. This may explain the failure to main¬
tain parathyroid single cell suspensions in culture
for prolonged periods.4
After this initial lag phase, fibroblasts com¬

menced to spread out from the explants until by 2-
3 weeks they had become confluent. On the surface
of the fibroblasts, small, dark and rounded cells
could be seen using higher magnification (Fig. 2).

There was no evidence of proliferation by these
small dark cells, but these cells persisted for the life
of the culture, which in some cases was over 140

Fig. 2. High power view of a parathyroid culture. Note
the small rounded parathyroid cells on the surface of the
fibroblasts.
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—lays. The morphology of cultures derived from
ryopreserved parathyroid tissue were indistin-
;uishable from those derived from fresh tissue.

PTH SECRETION

nitially the supernatant culture media of five para-
hyroid cultures as well as cultures of gastric and
tolonic cancer cell lines, fibroblast lines and fresh
;ulture medium were assayed (Table 1). Of the
:ultures tested, only those derived from parathyroid
issue secreted PTH-reactive material into the cul-
ure medium.

—Table 1. Levels of parathyroid hormone immunoreactive
material in conditioned medium from cultures of para¬
thyroid tissue and control cell lines

Culture Type Days in PTH level
culture (pmol/1)

Adenoma 28 1200
A Adenoma 28 6100
B Hyperplasia 7 4700
C Hyperplasia 14 6100
D Hyperplasia 14 820

2148 Fibroblasts continuous 210
1215 Colon cancer continuous 200
1863 Colon cancer continuous 200
1839 Stomach cancer continuous 280
— Control medium — 200

The PTH secretion of five other parathyroid cul¬
tures was followed longitudinally for periods of up
to 140 days (Fig. 3) with significant levels of PTH-
reactive material being secreted into the medium by
four of the cultures.
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Fig. 3. Secretion of parathyroid hormone into culture me¬
dium as a function of time in culture in five separate
parathyroid tissue cultures.

Finally, a further three parathyroid samples
which had been cryopreserved, were thawed and
cultured and the supernatant medium was assayed

after 30 days in culture. It was found that storage in
liquid N2 for this period had not diminished the
ability of the tissue to secrete the PTH-reactive ma¬
terial into the culture medium (Table 2).

Table 2. Levels of parathyroid hormone immunoreactive
material in conditioned medium of cultures of parathyroid
tissue after cryopreservation for 3 years

Culture Type PTH level (pmol/1)

F Hyperplasia 62 000
G Hyperplasia 57 000
H Hyperplasia 9 600

Discussion

Permanent hypoparathyroidism occurs as a long-
term complication of subtotal parathyroidectomy
for hyperplasia in about 5% of cases.6 This figure
rises to 30% when re-exploration is required for
recurrent hyperparathyroidism.7 The risks of per¬
manent hypoparathyroidism are also high in radical
operations for cancer of the thyroid.8

Permanent hypoparathyroidism has traditionally
been managed by the life-time administration of
calcium and vitamin D supplements. One approach
to solve this problem has been autotransplantation
of parathyroid slivers from the patient's own gland
into a forearm muscle at the time of surgery.910
This allows ready access to the transplanted tissue
and ease of assessment of PTH production by sam¬
pling the draining antecubital vein. However, this
procedure is attended by a number of problems.
First, as the transplanted material is from the pa¬
tient's own pathological parathyroid tissue, it could
continue to function in a non-suppressible fashion
in the forearm and in time give rise to recurrent
hyperparathyroidism." Second, a number of un¬
necessary grafts have been performed, as no-interval
is allowed to see whether hypoparathyroidism
might have developed. This assumes special sig¬
nificance in view of the risk of graft hyperpara¬
thyroidism. Third, all graft tissue is used up in a
single attempt: if the graft fails there is no tissue
reserve for further attempts.

Some of these problems have been resolved by
the development of cryopreservation and in vitro
testing of suppressibility of PTH secretion by cal¬
cium.1012 It has been observed that in autotrans¬

plantation of fresh or cryopreserved tissue there is a
lag of at least 6 months before the graft is fully
functional.10 This is probably due to the slivers
being introduced as non-vascularized graft, so that
many of the cells die from lack of nutrients and
oxygen. In addition, in cryopreserved tissue there is
a reduction of the viable cell fraction. Thus, the lag
phase probably represents the period required for
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the remaining viable cells to proliferate sufficiently
to be able to secrete sufficient PTH to regulate cal¬
cium metabolism. The final problem concerns the
group of patients with primary hypoparathyroid¬
ism, or those with hypoparathyroidism secondary
to surgery for whom no tissue (fresh or cryopre-
served) is available for autotransplantation. Experi¬
ments on parathyroid tissue allografting have not
been successful because of rejection."
It is because of the short comings of autotrans¬

plantation of both fresh and cryopreserved para¬
thyroid that the tissue culture approach has been
pursued. The results of this study show that cultures
of both parathyroid hyperplasias and adenomas not
only produced high levels of PTH, but some con¬
tinued to do so for a period of up to 140 days. In
addition, cryopreserved parathyroid tissue was still
able to grow and produce PTH. in tissue culture.
Admittedly, our results can only be regarded as
preliminary. It still remains to be proved that the
round cells seen on the surface of fibroblasts are in
fact parathyroid cells, or that the granules they con¬
tain are packets of parathyroid hormone. It will also
be important to know if the parathyroid cells be¬
have in a suppressible fashion in culture, i.e.,
whether their secretion of PTH will relate to the
concentration of calcium in their culture medium.

Notwithstanding the above, human parathyroid
tissue culture offers a number of solutions to the
current problems of hypoparathyroidism. First, it
would be possible to maintain the patient's para¬
thyroid tissue in a viable and functional state while
waiting to see whether permanent hypoparathy¬
roidism will ensue, thereby, abolishing the problem
of unnecessary grafting. Second, the patient's para¬
thyroid tissue could be tested in culture to see if it is
suppressible and thus whether recurrent hyperpara¬
thyroidism would ensue if the tissue is transplanted
back into the patient. Third, because parathyroid
tissue in culture is in a monolayer, its transplanta¬
tion would be expected to have a high survival
potential and this might abolish the 6 month lag
period in function observed with conventional
grafts. Fourthly, not all parathyroid tissue need be
used in the one transplantation. Some can be used
to start a culture while most of the rest is cryo¬
preserved, so that if one transplant should fail there
would be plenty of tissue left for further transplants.
The last potential use of cultured human para¬

thyroid tissue relates to allotransplantation into
patients who have permanent hypoparathyroidism
without any of their own parathyroid tissue avail¬
able or who have tissue which proves to be non-
suppressible on calcium challenge in vitro. It has
been shown that the HLA antigens which are recog¬
nized by the recipient and which initiate rejections
in parathyroid allografts, are not expressed on the
parathyroid cells themselves, but on vascular en¬

dothelial cells and carrier macrophages and lym
phocytes resident in the donor graft.14 This latte
group of cells is lost in prolonged in vitro culture a
they require very special culture conditions, includ
ing specific growth factors to survive.15
Therefore, by utilizing parathyroid tissue whicl

has been cultured for prolonged periods, it ma;
become possible to allotransplant without the neec
for immunosuppressing the recipient.
In conclusion, while the data presented are pre

liminary and require further testing and verification
they offer a very exciting potential for overcoming
many of the current problems that are faced in thi
treatment of patients with hypoparathyroidism.
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REVIEW OF KERATINOCYTE CULTURE TECHNIQUES:
PROBLEMS OF GROWING SKIN

A. F. Breidahl,1 R. T. Judson2 and G. J. A. Clunie3
University ofMelbourne, Department ofSurgery, Royal Melbourne Hospital, Parkville, Victoria
Keratinocyte cell culture has been studied by a large number of investigators, resulting in an extensive body of
often contradictory literature. The advantages and disadvantages of the two major techniques, explant and
disaggregated culture, will be examined, followed by a critical evaluation of the major technical variables.
Suggested standardized methods for both explant and disaggregated culture, and the indications for the use of
each, will be proposed. Finally, further directions for basic research will be suggested in order to improve this
useful tool.

Key words: cells — cultured, culture, epidermis, skin, tissue culture.

Introduction

Keratinocyte cell culture involves the replication
and growth of keratinocytes in vitro, under labora¬
tory conditions which aim to simulate the in vivo
environment. Keratinocytes constitute the majority
of cells in the epidermis of skin with melanocytes
and Langerhan's cells being the only other cells
present in the epidermis.
Keratinocyte cell culture has many uses in medi¬

cine and science, but is of particular interest to the
surgeon in two fields: as a method of providing a
permanent epithelial cover for large wounds, such
as burns, and as a tool to elucidate the mechanism
of allograft organ rejection.
Cultured keratinocytes have been used as

autografts to heal major burns.1-7 This necessitates
a delay of between 3 weeks and 3 months, depend¬
ing on the expansion of tissue area required, while
the patient's own skin is being cultured.
Evidence that the culture process may abrogate

allograft rejection led to the use of cultured keratin¬
ocyte allografts in burns patients as a means of
avoiding this delay, and for the replacement of skin
in a child with recessive dystrophic epidermolysis
bullosa.8-16 Much of the evidence for this abroga¬
tion of allograft rejection is, however, anecdotal. In
addition to several theoretical objections,17-20 it has
been refuted by studies in a pig animal model and in
humans.21,22 Work is in progress in many labora¬
tories in order to resolve these conflicts and to help
gain new insight into the mechanisms of allograft
organ rejection, thereby opening up new therapeu¬
tic possibilities for human organ transplantation.
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Background

Controversy has been associated with keratinocyte
cell culture as far back as 1948, when Sir Peter
Medawar claimed that 'virtually unlimited quan¬
tities of adult tissue can be cultivated with no more

difficulty than is entailed by the provision of flasks
large enough to hold them'.23 However, no other
investigators were able to substantiate his claims
for many years.
It was not until 1975, when Rheinwald and

Green published their landmark paper on disaggre¬
gated keratinocyte cell culture, that this topic
resumed prominence in the scientific press.24 Con¬
troversy has continued throughout as to the benefits
of various nutrients, growth factors, feeder layers,
and explant as opposed to disaggregated culture
techniques.25-27

Part of the reason for this controversy is the
varied uses for which the cultures are designed.
Keratinocyte cell cultures have been used to study
the effects of allergens, specific keratinocyte
nutrients, the toxic effects of antibiotics, topical
medications and other agents, proliferation in
psoriasis, the expansion of skin for autografting in
major burns, keratinocyte differentiation, antigen
expression in skin tumours, antigen expression in
culture, the induction of class II major histocom¬
patibility complex antigens by keratinocytes in the
presence of y-interferon, the effects of culture on
the immune reactivity of epidermis, the possibility
of using cultured epidermis as a non-rejecting
allograft in burns and other skin disorders, and the
development of a complete artificial skin.1-22,25-50
The culture characteristics required for these varied
uses are understandably quite different.
As the requirements of keratinocyte culture are

so varied, it is impossible to recommend one spe¬
cific ideal technique. However, the requirements
can be divided into two broad groups: those that are
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needed as a tool to investigate the effects of certain
agents on keratinocytes, and those that are needed
as a tool in immunological and grafting studies.
The development of standardized culture tech¬

niques is an important factor that has been largely
ignored by most investigators who have used
keratinocyte cultures purely as a tool. Often, little
attention is paid to the logic of various steps in
the techniques, with additives such as thyroxine
and insulin being added only because some other
user of the 'tool' included them, and despite
basic research that casts much doubt on their

validity.25-32'40
Furthermore, it is in the interests of users of

keratinocyte cell culture to have a technique which
involves the minimum number of additives and ex¬

cludes substances that are not required, but which
could interact with the agent being tested. Not only
is this more scientifically appropriate, but it also
decreases the time and money required to establish
the cultures. In addition, direct comparisons be¬
tween different investigators' results are not pos¬
sible unless a standardized method is used.

One reason explaining why a standardized tech¬
nique has not evolved is that few groups have had
success in reproducing other groups' work with cul¬
tures.27 Furthermore, each of the current techniques
has major limitations, as will be discussed later.
One is reminded of the old medical adage that the
success of a method is inversely proportional to the
number of competing methods.
Bearing all of these points in mind, this article

will examine the scientific evidence supporting
each individual step of the two main culture tech¬
niques, explant and disaggregated keratinocyte cul¬
ture, before recommending standardized methods
and the indications for each. Finally, directions in
which further basic research might progress to im¬
prove keratinocyte cell culture will be suggested.

Explant versus disaggregated culture

Explant keratinocyte culture involves plating small
blocks of skin, dermis side down, onto the culture
surface, and gently covering these skin explants
with culture medium. Keratinocytes grow out from
the edges of these skin blocks, forming a mono¬
layer of basal cells which in time produces a
stratified squamous epithelium. As the explant
growth from adjacent skin blocks meet and fuse, a
confluent culture is produced.
Disaggregated keratinocyte cultures are initiated

by trypsin-digestion of skin, with mechanical agita¬
tion and filtration to produce a suspension of single
cells. The suspension is then inoculated into flasks,
usually containing a feeder layer of mouse 3T3
cells. The cells in the suspension settle down to the
bottom of the flask over the next 3 days, and grow

into monolayer colonies of basal cells, which
become confluent as adjacent colonies meet and
fuse.
This choice between explant and disaggregated

culture is the greatest variable in keratinocyte cul¬
ture. The reported advantages and disadvantages
are documented in Tables 1 and 2.

Table 1. Explant cultures: advantages and disadvantages

Advantages
Techniques minimal, simple and suited to all skin

specimens25-27
No requirement for or interference from a feeder layer25
Maintenance of normal skin architecture in explant
blocks more closely mimics in vivo state25

Explant blocks can be extracted and used to initiate
further cultures once the first culture is established25

Most reproducible of all published techniques26-27
Capable of several serial subcultures and storage in
liquid nitrogen27

Disadvantages
Prone to fibroblast overgrowth25-40
Subculturability is poor, requiring a 3T3 feeder layer
for any growth at all25

Growth rates and total yield less than for disaggregated
cell cultures (600-fold expansion compared with
6000-fold expansion with disaggregated culture)1,27

Table 2. Disaggregated cell culture: advantages and
disadvantages

Advantages
Rapid cell number expansion (6000-fold possible)28'29
Accurate assessment of cellular multiplication30
Up to six subcultures (50 cell generations) possible24-28
Capable of use in a fully defined media with no
unknown or undefined additives30

Disadvantages
Requires some form of fibroblasts for initiation24
Requires 3T3 feeder layer to prevent human fibroblast

overgrowth24-27
Difficult to study the role of cell-to-cell interactions and

the influence of additives due to obligatory presence
of feeder layers and FCS or other non-epidermal
components31,32

Difficult to obtain cell attachment to culture vessel27
Slow growth of cells27
Difficult technique for producing consistent results26
Growth arrests at 50% confluence difficult to avoid26
Not capable of producing confluent cultures useful for
grafting experiments in a totally defined model30,33

The most obvious conclusion to be drawn from
Tables 1 and 2 is that neither method is perfect. The
method chosen depends largely on the use to which
the cultures will be put. For transplantation work
in major burns, the disaggregated keratinocyte
method provides a far more extensive and rapid
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expansion of skin area than the explant method, but
it requires the use of a 3T3 feeder layer with sub¬
sequent theoretical problems of transferring onco¬
genes or foreign living material to the recipients of
the grafts. Ham's defined disaggregated keratino-
cyte model without feeder layer or serum is the best
model to avoid this problem, but it is not capable of
producing confluent cultures suitable for grafting
and thus cannot be considered for transplantation
work.30-33
On the other hand, the explant technique appears

to be more reproducible, technically less demand¬
ing and removes the dangers of using a feeder
layer, at the expense of a slower and smaller expan¬
sion of area. Few groups mention subculturability
in reporting on the explant technique, and often it
requires reverting to a disaggregated keratinocyte
model on a 3T3 feeder layer, thus eliminating many
advantages of the explant method.25 Thompson's
group mentions four passages subsequent to prima¬
ry cultures, but they do not reveal how this is
achieved.27 The explant method also has the advan¬
tage of containing blocks of tissue with an architec¬
ture that resembles the natural state more closely.
Thus it might be more useful for experiments which
aim to mimic the natural environment as closely as
possible, but where grafting is not required.25

The explant technique, however, is more prone
to fibroblast overgrowth, which is inhibited by the
mouse 3T3 fibroblast feeder layer in the disaggre¬
gated technique.23,24,29 Many authors advocate the
use of selective trypsinization or chelation with
ethylenediaminetetraacetic acid (EDTA) to remove
contaminating fibroblasts, but the experience of the
present study was not in accord with these findings.
Fibroblasts reproduce much faster than keratino-
cytes, as evidenced by granulation tissue filling a
large open wound long before the epidermis is
healed. Furthermore, epidermal growth factor
(EGF) is a practical necessity in all culture models,
and this is a more potent mitogen for fibroblasts
than keratinocytes. Therefore, one must remove
nearly every fibroblast before the keratinocytes will
predominate. However, many fibroblasts exist
within the developing colonies of keratinocytes,
and thus complete selective trypsinization (that is,
without removing the keratinocytes) is almost
impossible.
The addition of adenine at a concentration of

1.8 X 10~4moi/L has been advocated to inhibit
fibroblast growth, although the experience of the
present study was that this inhibition was not suffi¬
cient to prevent overgrowth.4' Collagenase, added
to the medium for 1 week per month, has also been
proposed, but again this has been found to be effi¬
cient only at a concentration which also removes
the keratinocytes. The use of dispase instead of

trypsin in the preparation of canine keratinocytes
has been claimed to eliminate fibroblast over¬

growth,26 although again far more fibroblast
contamination with dispase has been found in con¬
trolled studies on rabbits, suggesting that fibroblast
overgrowth is subject to much species-specific
variation.

In conclusion, both techniques have made sig¬
nificant contributions, and should lead to advances
in the future in either the development of a feeder
layer-free disaggregated keratinocyte method pro¬
ducing confluent cultures, or an amplified explant
method.

Explant variables
The variables that have been investigated in the
explant model can be divided into the following
areas: skin preparation, the culture environment,
feeder layers, nutrients, growth hormones and mis¬
cellaneous. The findings are documented in Table
3. The method of skin preparation by Thompson
et al. combines all of the best variables, by first
washing in 70% alcohol for 20-30 s, trimming
away as much dermis as possible, cutting into
5 mm X 5 mm blocks and incubating overnight in
0.01% trypsin at 4°C. The following day the ex-
plants are further cut into 0.5 mm x 0.5 mm blocks
before drying them onto the culture vessel for
5-10min, and adding medium.
Culture conditions are fairly standardized, using

no feeder layer, Dulbecco's modified Eagle's
(DME) medium with 10% fetal calf serum (FCS),
calcium adjusted to 1.9mmol/L, pH adjusted to
7.0-7.2, and incubated at 37°C. Useful additives
include EGF between 10 and lOOng/mL, cholera
toxin (CT) at 10,Mg/mL, and hydrocortisone at
0.5,Mg/mL.

The role of insulin is not clear, with the only two
groups that investigated its effect describing con¬
flicting findings.25'26 Logically, small amounts are
required to allow glucose entry into keratinocytes,
and excessive amounts could cause a precipitous
drop in the glucose concentration of the medium.
As there is a physiological quantity in FCS, and no
clear benefit has been demonstrated from greater
concentrations, it should be omitted from initial
cultures. Trypsin and EDTA are both useful for
removing contaminant fibroblasts.25,27 EDTA is
preferable in theory, because it is a calcium
chelator, as opposed to a proteolytic enzyme, and
therefore it is potentially less harmful to the grow¬
ing keratinocytes.
Of the remaining variables, only serine has been

shown to be of any value, and this at an optimal
concentration which is already contained in DME.
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Table 3. Explant variables

Variable Dose Advantages Disadvantages

Skin preparation
Minced

Subcutaneous
tissue trimmed

Alcohol wash

Explants dried
onto dish

Trypsin

Plasma clots

1 mm1

1.5 mm x 1.5 mm blocks

70% for 20-30 s

5—10 min in air

0.01%, 4°C, 15h

>0.1%. 4°C, 15h

Under explants

Greatest edge area for growth34

Correct dermis-down orientation

possible25,28
Markedly decreases infection
rate, removes requirements
for antibiotics27

Explants stay attached longer,
decreased fibroblast

overgrowth25,28
Assists in keratinocyte
spreading, decreases
fibroblast outgrowth27

Promotes attachment of explants
to culture vessel26

Cannot correctly orientate
explants onto culture vessel

If washed too long kills the
keratinocytes27

Explants die if dried out
excessively25,28

Increases fibroblast
contamination27

Culture environment

Temperature 37°C—31°C
pH 7.0-7.2

6.8-7.4

Feeder layer
Plastic feeder

layer
Inverted rabbit or

pig skin feeder 1

3T3 feeder layer Not stated

Growth 4 times greater at 37°C25
Optimal growth range27
Permissible growth range27

Neutral inorganic substrate34 Human fibroblast overgrowth3'

Stratified keratinocyte cultures
free of fibroblasts produced34

Cultures could not be separated
from antigenic feeder layer
and thus of limited use for

transplantation34
Density-dependent growth

suppression25

Nutrients
DME media

Calcium

FCS

Non-essential
amino acids

Serine

0.3 mmol/L

1.9 mmol/L
0%
10%
15%

20%
Batch

Not stated

0.4 mmol/L

Arginine 457 mg/L
Sodium pyruvate 220mg/L
Putrescine HC1 0.3322 mg/L

Greater growth support than
Ham's F12 or MCDB 15327

Maintains keratinocytes in
undifferentiated basal cell
state27

Greatest growth rate27

Good growth25
Optimal growth, only slightly
better than 10%

None found25

Potentiates effects of EGF,
insulin and BPE35

None found25
None found25
None found25

Poorer growth rates than
1.9 mmol/L27

Moderate differentiation27
No growth25

Slightly inhibitory
Marked batch-to-batch variation

found25

Same concentration as in DME
and MCDB 153
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Table 3. (Continued)

Variable Dose Advantages Disadvantages

Growth hormones
EGF

CT

0-20 ng/mL

10 ng/mL
100 ng/mL

10/tg/mL
lO-9mmol/L

Hydrocortisone 0-10 ng/mL

Insulin

Fibroblast growth
factor

0.5,ug/mL
10/tg/mL
O-lOjtrg/mL
Not stated
0-20 ng/mL

Dose-dependent growth
stimulation25

Growth stimulation27
Growth stimulation, increase in
number of subculture

passages and decreased
fibroblast contamination26

Growth stimulation27
Growth stimulation, increase in
number of subcultures

possible and decreased
fibroblast contamination26

Dose-dependent growth
stimulation25

Growth stimulation27

Growth stimulation26
None found25

Mild growth inhibition27
Inhibitory at all concentrations2

Miscellaneous

Trypsin wash Not stated

EDTA wash 0.02%

Removes contaminant
fibroblasts without displacing
keratinocytes25

Removes contaminant
fibroblasts without displacing
keratinocytes27

Disaggregated culture variables
There exists a much larger body of literature devot¬
ed to variables in disaggregated culture. The con¬
clusions on skin preparation and culture conditions
for disaggregated keratinocyte culture are docu¬
mented in Table 4.

Comparing Tables 3 and 4, it can be seen that
less attention has been paid to skin preparation for
disaggregated keratinocyte culture than for explant
culture. Most groups tend to use Green's method of
mincing and trypsinizing whole skin,24 with little
thought to the obvious theoretical complication of
obtaining many dermal fibroblasts in the disaggre¬
gated cell suspension, requiring them to develop
methods for removing the fibroblasts with trypsin,
EDTA, or Ficoll gradients.
A more specific method of preparation, in theory

at least, is that described as early as 1941 by
Medawar, where the entire dermis is removed at
the dermo-epidermal junction prior to producing
the single cell suspension and thus much less
fibroblast contamination is to be expected. Several
groups have used this method with success since
Medawar.26'28-11'32'44

Dispase might be superior to trypsin for splitting
the epidermis from the dermis, as it has been
claimed to exclude all fibroblast contamination, but
the experience of the present study disputes this
finding (unpublished data).26
Culture conditions have been debated more

strenuously. They can be divided into the following
sections, which will be discussed individually:
environment, feeder layer, nutrients, and growth
hormones. It must be remembered, however, that
these sections need to be considered within a total
culture technique. For example. Ham's use of plain
plastic dishes without a feeder layer is useless with¬
out using the medium MCDB 153 that this group
developed especially for the purpose. Similarly it is
interesting to note that Horikoshi et al. use MCDB
153 with 5% FCS, when it was designed specifi¬
cally to avoid the use of FCS.41 It was not revealed
why this decision was made, although one may
surmise that the results of Ham et al. could not be

reproduced by this group without the use of FCS.
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Table 4. Disaggregated cell culture variables

Variable Dose Advantages Disadvantages

Skin preparation
Minced skin with 0.2%, 37°C, 90-120min Produces disaggregated Much fibroblast

Trypsin cells24'28-29-37"39 contamination28,36
Trypsin 0.5%, 37°C, 1 h Removes epidermis from dermis

without damaging
keratinocytes, thus decreasing
fibroblast contamination42

0.25%. 4°C, 12-15 h As above,42 but with less
damage to keratinocytes (not
proven here)3'-32-43

0.1%, 4°C, 16h As above44
Dispase lOmg/mL in full medium. Strips epidermis from dermis

4°C, 18h with no resultant fibroblast
contamination in cultures26

Ficoll gradient Can isolate near-pure
keratinocytes, decreasing
fibroblast contamination16

Culture environment

Temperature 36.5°C Optimal for growth and number
of subcultures32

PH 5.6-6.0 Optimal range for growth11-51
7.0-7.2 Optimal range for large number

of subcultures32
P02 2% Optimal plating efficiency43 Poor growth41

18% Optimal growth43 Poor plating efficiency43

Feeder layer
3T3 feeder layer 'A confluent Promotes keratinocyte Living cell modifying media and

attachment and colony responses to additives,25
initiation, inhibits fibroblast possibility of oncogene
growth24 transmission40

Rat tail collagen Feeder layer Fourfold increase in plating Foreign undefined additive40
extract efficiency32

Fibronectin Feeder layer Allows keratinocytes to attach to Foreign additive
culture dish45

10/rg/mL Inhibits total colony area by
30% 30

Polysine coated None found4"
dishes

Gelatin coated
dishes

Hyaluronic acid
coated dishes

None found40

None found4"

Nutrients
FCS 7.5-20%
Medium Ml99

3T3 conditioned 3 x 105 cells. 12 h
media

Calcium 0.03mmol/L

0.07 mmol/L

0.40 mmol/L

0.3 mmol/L

Optimal concentrations12
Superior to DME and Eagle's
minimum essential medium12

Same benefit as 3T3 feeder layer
but with no live foreign cells
in the culture4'

Maintains keratinocytes in basal
dividing state41

Comified envelopes still
produced, but do not remain
attached12

Optimal concentration for cell
division and growth12

Optimal for keratinocyte
growth, minimal number of
comified envelopes11

Much batch-to-batch variation12

Products of foreign cells still in
culture, possibility of
oncogene transmission40

Decreased plating efficiency
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Table 4. (Continued)

Variable Dose Advantages Disadvantages

l.Ommol/L

Selenium Not stated
Transferrin 10^g/mL

Adenine 1.8 x 10-4mmol/L
Putrescine 10~5mmol/L

Not stated
Vitamin B12 1(U5 mmol/L
Thymidine Not stated

Polyamines Not stated

Cysteine Not stated

Hydroxyproline Not stated
Ascorbic acid Not stated

Arginine Not stated

Growth hormones
EGF Dose-dependent frc

0.3 to 30ng/mL

Not stated
Not stated

5-20 ng/mL

10 ng/mL

30 ng/mL

CT 10~8 moI/L

Insulin Not stated

5 /rg/mL
Hydrocortisone 0.4 uglmh

0.5/rg/mL

10^rg/mL

10/rg/mL

Not stated
5 x 10~5 mol/L

BPE

140«g/mL
Phosphoethanolamine 10"5 mol/L

Prevents growth arrest30
Two-fold increase in colony

area30
Inhibits fibroblasts41
Mild growth stimulation40
None found32
Mild growth stimulation40
None found in 3T3-free model40
None found in 3T3-free model40
None found32
None found32
None found32
None found32

Terminal differentiation with
loss of proliferative capacity,
associated with the production
of desmosomes and

keratohyaline granules33

0.1 mmol/L

Prolongs culture life and
enhances subcultures (from
50 to 150 generations), no
effect on doubling time,
increased plating efficiency38

None found in 3T3-free model40
Stimulates growth twofold in
3T3-free model32

40-fold increase in colony
area30

Major keratinocyte mitogen,
and prevents terminal
differentiation45-46

Less differentiation and thus
more basal cells37

Growth stimulation (decreased
doubling time by 30%), less
differentiation, prolonged
culture life39

None found in 3T3-free
model32-40

Major keratinocyte mitogen30'46
Growth stimulation, more
orderly colonies24

Optimal concentration for
growth stimulation30

Promotes limited growth in
feeder layer-free culture
model40

Promotes keratinocyte growth
and inhibits fibroblast

growth41
None found32
None found45
Allows 50% of control growth
in 3T3-free model40

Major keratinocyte mitogen46
Same growth promoting
activity as BPE30

Allows omission of 3T3 feeder

layer and FCS, with no
change in doubling time33

Potent fibroblast mitogen31

Stimulates fibroblasts(?) in
excess of keratinocytes32

Undefined foreign additive40

Undefined foreign additive40

No confluent culture produced3
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Table 4. (Continued)

Variable Dose Advantages Disadvantages

Ethanolamine

Fibroblast growth
factor

Thyroxine
Tri-iodothyronine
Oestradiol

Progesterone
Testosterone

10 mol/L

0.1 mmol/L

Not stated

Not stated
10"9mol/L
3.7 x 10"6mol/L
Not stated
Not stated

Slightly higher growth
promoting activity than
phosphoethanolamine30

Allows omission of 3T3 feeder

layer and FCS, with no
change in doubling time33

None found in 3T3-free model40

No clear advantage30
None found in 3T3-free model40
None found45
Mild growth stimulation40
No benefit shown30
None found in 3T3-free model40

No confluent cultures

produced30

No confluent cultures

produced30

ENVIRONMENT

Culture temperature has been optimized at 36.5°C,
although some groups have advocated using lower
temperatures on the basis that in vivo skin tempera¬
ture are several degrees below core tempera¬
ture. 27-31'32 pj_[ has aiso been optimized and
well supported at 7.0-7.2, again despite the meas¬
urement of the pH of skin at much lower levels of
5.6-6.0.27,32 These measurements include secre¬

tions from sweat glands which do not take part in
the immediate environment of the dividing basal
cells.31'51
Culture atmosphere has always included 5-10%

C02 as a buffer system, but recently the P02 was
investigated and found to be optimal for plating
efficiency at 2%, and optimal for growth at 18% ,43

FEEDER LAYER

The surface upon which the keratinocytes are to be
cultured is of major importance. Theoretically, one
would wish to use an inert, neutral, totally remov¬
able surface such as that provided by plain plastic
dishes. Unfortunately, in practice, this has not been
shown to be possible for the production of con¬
fluent sheets of keratinocytes suitable for grafting.
Although Eisinger el at. managed to produce
confluent sheets on a plain plastic surface, this was
achieved by using high seeding densities, resulting
in a plating efficiency so low that there were less
cells in the confluent sheets than in the initial
inoculum.31

Peehl and Ham also worked exclusively with
plain plastic surfaces; however, even with fas¬
tidious control of all other variables well in excess

of every other group, they could still produce only
'clonal' growth, and not confluent sheets of
keratinocytes.30,33'40,41 Nevertheless, if the
keratinocyte cultures are not required for grafting,

then Ham's group provided a technique where all
possible unknown constituents have been
removed.33
The most universally used and successful sub¬

strate remains the feeder layer of Swiss 3T3 mouse
fibroblast cells, first described by Rheinwald and
Green.24 This has the problem of being a tumour
line of living cells. Rheinwald and Green felt that
this disadvantage was overcome by lethally
irradiating the 3T3 cells prior to initiating the
keratinocyte culture. The damaged cells continue
for one or two cell divisions prior to growth arrest
and finally death. All of the 3T3 cells are said to die
and float off into the media after 7-10 days.
However, there is still theoretical concern even

with lethally irradiated 3T3 cells. These cells have
lost their mitotic control via transfection with a

virus, and the possibility of the virus infecting the
keratinocytes cannot be eliminated, nor can any
other methods of oncogene transmission. These
possibilities become more important when grafting
young children with cultured keratinocytes is con¬
sidered. Furthermore, these are immunologically
distinct, non-human cells, producing foreign mole¬
cules which might interfere with or stimulate the
recipient's immune sytem.
Other complaints, such as the 3T3 cells modify¬

ing the growth medium in some undefined or
unevaluated manner, are of little concern in graft¬
ing studies, as it does not matter how they improve
culture growth. In other areas of study, such as the
effect of certain substances on keratinocytes, these
concerns become more relevant.
Other surfaces or feeder layers have also been

evaluated by various groups. Dishes coated with
polysine, gelatin and hyaluronic acid were not
found to be of benefit.40 A rat tail collagen extract
was found to be effective by one group but there
were no controls with 3T3 cells.32 Furthermore, for
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grafting studies, it might serve as a barrier to the
diffusion of nutrients. A fibronectin feeder layer
was found to be beneficial with respect to plating
efficiency, but it was subsequently shown to inhibit
growth by 30%.30-45
Thus, a 3T3 feeder layer remains the only suc¬

cessful substrate for developing confluent cultures
of keratinocytes suitable for use in transplantation.
It must be remembered that this has many
theoretical complications, and the use of these
transplants should perhaps be restricted to animals
and life-threatening circumstances in humans until
these possible complications have been excluded.

NUTRIENTS

The most extensively used medium with a 3T3
feeder layer is DME medium. This has been shown
to be the most successful medium by many groups,
the notable exceptions being those that worked
without a 3T3 feeder layer.30-32'33-40'41

FCS has been shown to be an absolute require¬
ment in all 3T3 models, with the optimal concentra¬
tion being near 10%, but with much batch-to-batch
variation in growth promoting activity.32 This
activity of FCS has been replaced, first with bovine
pituitary extract (BPE) and later with a mixture of
ethanolamine and phosphoethanolamine, although
this was in a 3T3-free model not capable of reach¬
ing confluence.30,33

Much has been written on the effect of calcium
on growth and differentiation. Early work sug¬
gested that a low calcium level favoured basal re¬
plicating cells, whereas a higher calcium level
favoured differentiation with a loss of reproductive
capacity.32"33,41 Most groups finally settled on a
concentration of 0.3-0.4 mmol/L as optimal for
growth of stable cultures, even though this involves
a degree of differentiation.27'33
The trace element selenium was found to prevent

growth arrest, and lO/rg/mL transferrin was found
to be stimulatory.30 Adenine at 1.8 x 10~4 mol/L
was found to inhibit fibroblast growth without com¬
promising keratinocytes.41
The following nutrients have not been shown to

be of any observable value: putrescine, vitamin
B12, thymidine, polyamines, cysteine, hydroxy-
proline, ascorbic acid, and arginine.32'40

GROWTH HORMONES

EGF is the best elucidated of all the suggested addi¬
tives. Only one group suggested that it was of no
benefit, but this paper was later corrected.30'40 It
is now universally accepted to be of benefit for
stimulating growth and prolonging culture life, in a
dose-dependent fashion from 5 to 30 ng/mL. A
membrane-bound receptor for EGF has been de¬
scribed on keratinocytes, which possesses typical

binding characteristics and undergoes physiological
adaptation.44 On the other hand, it is also univer¬
sally accepted that EGF is a potent fibroblast
mitogen, with fibroblast overgrowth being a major
problem in keratinocyte culture, although less so
with the use of a 3T3 feeder layer.24,32,45
Hydrocortisone illustrates some of the problems

in determining the value of additives. Originally
described to be of benefit in growth stimulation and
the production of more orderly colonies at a dose of
0.4 ,ug/mL, its benefits were denied by some and
claimed to occur only at doses as high as 10 /rg/mL
by others.24,32,40,41,45 It is now almost universally
believed to be of benefit in producing more orderly
colonies, prolonging total culture life and stimulat¬
ing growth at the original dose of 0.4 /rg/mL.30 Its
effects on class I and II major histocompatibility
antigen expression requires further work.8-10'48'49
CT was thoroughly investigated only by Green

and most groups use it at his recommended dosage
of 10~8 mol/L.39 The groups that do not use it give
no reason for this decision.
Insulin is perhaps the most controversial of all

additives. Several groups have found no advantage,
whereas others have found it to stimulate growth by
up to 30%.30'32'40'46 This is similar to the findings
with the explant method, and the variation between
findings might reflect a variation in the insulin
activity of different batches of FCS.
The following hormones have been shown to be

of no observable value: fibroblast growth factor,
thyroxine, tri-iodothyronine, /3-oestradiol, testos¬
terone and progesterone.30'40'45

Indications for use

EXPLANT METHOD

The explant method is generally easier and more
reliable to establish than disaggregated keratinocyte
culture. It also has the advantage of including sev¬
eral dermal elements in the explanted blocks, and
fibroblasts mixed with the keratinocytes, thus more
faithfully reproducing the in vivo environment. It
avoids the use of a foreign metabolically active
cellular feeder layer, which can interfere with the
effects of variables being examined. Thus it is
excellent for in vitro studies on the response to skin
of certain processes, such as viral infection and the
effects of medications and other chemicals.
It is not suited to transplantation experiments,

however, as the cultures are often overrrun with
fibroblasts, do not reliably proceed to confluence,
and, once at confluence, vary considerably in thick¬
ness across their surface, making them quite fragile
when handling out of the culture flask. Further¬
more, they reach confluence more slowly, and can¬
not be subcultured for rapid expansion without
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resorting to a disaggregated culture technique, thus
making them inefficient for use in major burns.25

DISAGGREGATED KERATINOCYTE CULTURE

Disaggregated culture produces cultures of even
thickness and strength, with a rapid expansion in
area — clearly ideal characteristics for transplanta¬
tion studies. Nonetheless, the ethical problems of
transplanting tissues grown on a tumour line, such
as the mouse 3T3 feeder layer, deserves some con¬
sideration, especially as young children receive cul¬
tured epidermal grafts.416 Although there have
been no reports of neoplastic complications with
these methods, too few have been performed with
insufficient follow-up to confirm that this risk is
negligible.
With this possible complication in mind, a feeder

layer-free disaggregated culture technique is re¬
quired. Unfortunately, the use of MCDB 153 in a
fully defined culture method is currently incapable
of producing confluent graftable cultures.30 Other
methods of avoiding a feeder layer include using a
high inoculation density, resulting in no real expan¬
sion of tissues, and the use of a fibronectin feeder
layer, which has been shown to inhibit keratinocyte
growth.30'31 At present, there are no ideal solutions
to this problem, and most groups interested in
transplantation are still using a 3T3 feeder layer.

Standardization of methods

EXPLANT CULTURE

The technique for explant culture by Thompson et
al. is without peer, because of its reasonably rapid
expansion of 200-fold in primary culture, a claimed
four subsequent passages, minimal fibroblast over¬
growth, culture life of 5 months and capability of
long-term storage in liquid nitrogen.27

DISAGGREGATED KERATINOCYTE CULTURE

This is more difficult to propose, as all current
techniques have major limitations, and thus fresh
first principle ideas are to be encouraged. Yet, it is
still worthwhile to formulate current methods. Few
of the published methods without a 3T3 feeder
layer can be reproduced with excellence, and thus
Green's method forms the basis upon which further
developments can improve.27

Skin preparation Infection is a much under¬
stated problem, and is consequent upon the propen¬
sity for skin to harbour micro-organisms in its
appendages. The use of an alcohol soak for 20-30 s
prior to trypsinization, developed for use in explant
cultures, remarkably reduces its complication with
little damage to the desired basal cells, and thus is

also to be recommended for disaggregated culture.5
Splitting the skin at the dermo-epidermal junc¬

tion by the use of 0.1% trypsin markedly reduces
the fibroblast contamination in culture, especially if
carried out overnight at 4°C.23 The basal cells can
then be freed from the epidermis via the use of a
vortex or by further trypsinization at 37°C.51
Environment Cultures should be incubated in

an atmosphere of 10% C02, as a volatile buffer.
Although oxygen tension has been shown to be
optimal for plating efficiency at 2%, growth is poor
at this tension and requires a level of 19%.43 As
plating efficiency in a 3T3 model is not a limiting
factor at 19%, this should be the recommended
tension, unless a second incubator is available to be
kept at 2% for the first 2 days after inoculation.
The incubation temperature should be 36.5°C

and the pH of the media maintained in the range
6.8-7.4, by the addition of a non-volatile buffer
such as Hepes, as the volatile buffer is often inad¬
equate to maintain this pH in the early stages of
culture.

Feeder layer At present the only viable alterna¬
tives to a 3T3 feeder layer are the use of fibronectin
or a collagen feeder layer, both less reliable, with a
slower expansion and other individual problems as
mentioned above. The authors recommend a 3T3
feeder layer as the best method available at present
for grafting in animals.

Nutrients DME with 10% FCS is the most

commonly used and successful medium. It is
worthwhile to trial several batches of FCS to obtain

optimal growth-supporting activity. No added
nutrients are required in this standardized model,
although selenium, transferrin, and adenine have
been shown to be of benefit by one group.30'41
Growth hormones EGF, CT and hydrocort¬

isone have been well established as useful, if not
necessary, additives. There is great debate about
the role of insulin, as discussed above, but it is
certainly not a prerequisite for excellent growth,
and thus should be excluded from a standardized

technique.

Directions for future basic research

It is a difficult task to recommend standardized

techniques of keratinocyte culture when no ideal
technique exists. It is eminently clear that more
basic research is required in order to elucidate
better approaches to this subject.
The explant technique could be much improved

by the elimination of fibroblast overgrowth. Of the
currently suggested methods for preventing or
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removing fibroblast overgrowth, such as selective
trypsinization, chelation with EDTA, including
adenine or collagenase in the culture medium, or
the use of dispase to prepare the epithelium, none is
completely successful.
Further developments required in the explant

method are the quicker expansion of tissue and im¬
proved subculturability, without reverting to a 3T3
feeder layer. In searching for factors to speed the
expansion rate, the dangers of overriding the nor¬
mal controls, which limit cellular reproduction,
must be remembered in order to prevent the produc¬
tion and subsequent transplantation of tumours.
The single most important advance required in

the disaggregated keratinocyte model is the remov¬
al of the 3T3 feeder layer without the loss of
adequate growth that current efforts entail. The iso¬
lation of the factor(s) that 3T3 fibroblasts provide in
promoting keratinocyte attachment and growth,
while discouraging fibroblast overgrowth, would
be a most worthwhile advance in this respect.

Conclusion: Role of keratinocyte cell culture in
surgery

Keratinocyte cell cultures provide a useful scienti¬
fic tool with a wide range of applications. There are
many variations in techniques available, which
make the comparison of results between groups
somewhat dubious. Consequently, standardized
models have been described in this study, as well as
suggested directions for basic research, in order to
improve this valuable tool.

In the field of surgery, keratinocyte cell cultures
have been used as autografts for permanent epith¬
elial cover for major burns, but there are numerous
problems with this technology. First, most suc¬
cessful culture methods involve the use of a mouse

3T3 fibroblast as a feeder layer, which has been
transformed with an oncogene thus providing an
opportunity for oncogene transmission to the re¬
cipient. Second, by the time sufficient tissue expan¬
sion has been achieved, many of the complications
of major bums have become well established. The
use of cultured keratinocyte allografts might over¬
come this problem, if it can be shown convincingly
that rejection is abrogated. Third, the cultured
epidermis is lacking in melanocytes, adnexal struc¬
tures and dermis, and has poorly developed rete
pegs, making it a poor substitute for normal skin.
These problems need to be addressed in the future
with ideas such as dermal allografts and a synthetic
dermis being developed further.7 511
Finally, exploration of the mechanisms of modi¬

fication of graft rejection by in vitro culture might
lead to new treatment modalities for use in the

transplantation of other organs.
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Summary A technique is described for the culture of disaggregated rabbit keratinocytes and the
production of confluent sheets of immunologically pure keratinocytes suitable for use in transplan¬
tation studies. The benefits ofvarious feeder layers, nutrients and growth hormones were examined by
the use of paired controls. The ability of the cultured keratinocyte sheets to be removed from the
culture vessel intact and survive as viable autografts was demonstrated, thus establishing a new animal
model for the investigation of allograft rejection responses to cultured keratinocytes. The benefits of
using the rabbit model for such studies and the advantages of this culture technique over a previously
described method of rabbit keratinocyte cell culture are discussed.

INTRODUCTION

The rabbit represents an excellent animal model
for the study of rejection responses to cultured
keratinocyte allografts for three reasons. First,
the small size enables large numbers of subjects
to be practically and inexpensively housed for
prolonged periods. Second, a high fecundity and
rapid sexual maturation allows for the develop¬
ment of inbred strains. Third, the rabbit major
histocompatibility complex (MHC) displays a
higher degree of homology with the human
MHC than the murine or canine models (1-
3).
Successful techniques of keratinocyte culture

producing confluent immunologically pure
sheets suitable for transplantation have been
described for the human (4), murine (5), canine
(6) and porcine (7) models. Although a method
of rabbit keratinocyte cell culture has been
reported (8), a feeder layer of inverted rabbit or
pig skin was required to prevent rabbit fibro¬
blast overgrowth. The cultured keratinocytes
could not be separated from the feeder layers
and when used in transplantation studies a re¬
jection response to the inverted skin feeder layer

Correspondence: A. F. Breidahl, University of Mel¬
bourne, Department of Surgery, Royal Melbourne
Hospital, Parkville, Vic. 3050, Australia.
Abbreviations used in this paper: CT, cholera toxin;

DME, Dulbecco's modified Eagle's medium; EDTA,
ethylenediamine tetra-acetic acid; EGF, epidermal
growth factor; FCS, foetal calf serum; HTPBS, human
tonicity phosphate-buffered saline; MHC, major
histocompatibility complex.

clouded interpretation of any modification of
rejection secondary to culture.
A multitude of variables in culture technique

have been described for keratinocyte cell culture
in species other than the rabbit (9). These vari¬
ables may be categorized into the groups of skin
preparation, feeder layers, nutrients and growth
hormones.
In particular, advantages have been reported

in skin preparation from using trypsin digestion
(10), dispase digestion (6), Ficoll gradient purifi¬
cation (11) and alcohol soaks (12). Advantages
have also been reported with the use of no feeder
layer (13), a feeder layer of lethally irradiated
mouse 3T3 fibroblasts (14) and a fibronectin
feeder layer (15). Valuable nutrients for other
species include transferrin (16) and adenine
(17). The growth factors cholera toxin (CT) (18),
epidermal growth factor (EGF) (19) and hydro¬
cortisone (14) have been established as useful
additives, whilst controversy surrounds the
value of insulin (16,20-22).
This study examined the effect of these vari¬

ables on rabbit disaggregated keratinocyte cell
culture in order to develop a rapid, reliable cul¬
ture technique producing confluent sheets of
rabbit keratinocytes suitable for use in trans¬
plantation studies.

MATERIALS AND METHODS

Animals
Rabbits were derived from two sources. Outbred

rabbits were purchased from Commonwealth Serum
Laboratories (Melbourne, Australia) and three sep-
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rate closed strains of inbred rabbits were bred in our

laboratory.

Culture preparation
The shaved abdomens ofanaesthetized rabbits were

washed with cetrimide prior to preparation with 2%
iodine in 70% alcohol. An ellipse of full-thickness skin
was removed with a scalpel and immediately placed in
sterile human tonicity phosphate-buffered saline
(HTPBS). The defect was closed with 4/0 nylon con¬
tinuous suture and the rabbit was allowed to recover

from the anaesthetic prior to return to its cage.
Fresh rabbit skin was processed without delay. Sub¬

cutaneous tissues and as much dermis as possible was
removed using fine curved scissors and jeweller's for¬
ceps, and the specimens were cut into 1 cm X 1 cm
squares. Specimens were washed in 2% iodine in 70%
alcohol for periods ofbetween 0 and 30 s, prior to three
washes in HTPBS.
The specimens were incubated in HTPBS contain¬

ing 0-25% trypsin (Flow Laboratories, Melbourne,
Australia) at either 37°C for 90 min or 4°C for 18 h.
After incubation the epidermis was stripped from the
dermis using jeweller's forceps. The epidermal surface
of the dermis was scraped in Dulbecco's modified
Eagle's medium (DME, Flow Laboratories, Mel¬
bourne, Australia) supplemented with 10% foetal calf
serum (FCS, Flow Laboratories, Melbourne, Aus¬
tralia) to release any still adherent basal keratinocytes,
prior to adding the epidermis and vortexing at 6000
r/min for 2 min to release basal cells. The suspension
was filtered through sterile cotton wool to remove the
epidermal remnants and any large clumps ofcells, pro¬
ducing a single cell suspension. The cells were counted
with a haemocytometer and cell viability estimated via
exclusion of 1% Trypan Blue.
Cells were inoculated in 5 mL of the specific

medium chosen for each experiment into 25 cm2 tissue
culture flasks (Nunc. Medos, Melbourne, Australia)
containing the appropriate feeder layer for the exper¬
iment, at densities ranging from 1-2X 104 to 3X 105
viable cells per cm2, and incubated at 37°C in a humi¬
dified atmosphere of air and 10% CCL. Cultures were
initially left undisturbed for 3 days, after which time
the medium was changed three times per week with
concomitant inspection with an inverted phase-con¬
trast microscope. The times taken to reach 100% con¬
fluence and a graftable state were recorded (Fig. 1).
For each experimental culture, control cultures,

derived from the same specimen of skin, were estab¬
lished such that they were identical except for the
specific variable under examination. If either one of
the experiment/control pair became infected, both cul¬
ture results were discarded as technical failures.
Rhodanile Blue (Sigma, Stansen Scientific, Mel¬

bourne) was used to stain cultures specifically for ker¬
atinocytes. Cultures were fixed in situ with 10% for¬
maldehyde for 10 min, and covered with 1% Rhodan¬
ile Blue in distilled water for 30 min. The cultures were
then washed under a running tap for 2 min, and
allowed to dry.

Fig. 1. Two clear end-points were measured to assess
the efficiency of cultures, (a) The inverted phase con¬
trast microscope appearance of rabbit keratinocyte
cell cultures at 100% confluence, with the entire cul¬
ture vessel completely covered by a monolayer ofbasal
keratinocytes displaying distinct cell boundaries and
clear cytoplasm (magnification X 100). (b) The in¬
verted phase contrast microscope appearance of cul¬
tures at a graftable state, with a uniform granular
appearance due to kerato-hyaline granules extending
over the entire base of the culture vessel (magnifi¬
cation X 100).

Feeder layers
Three feeder layers were assessed: plain culture

flasks (i.e. no feeder layer), lethally irradiated mouse
3T3 fibroblasts and fibronectin coated flasks.
A mouse Swiss 3T3 fibroblast cell line was gen¬

erously donated by Mr R. Wale (Alfred Hospital, Mel¬
bourne, Australia). Lethally irradiated mouse 3T3
fibroblast feeder layers were prepared as follows. The
3T3 mouse fibroblasts cell lines were cultured in 125
cm tissue culture flasks (Nunc, Medos, Victoria), in
DME supplemented with 10% FCS, 100 pg/mL strep¬
tomycin (Flow Laboratories, Melbourne, Australia)
100 iu/mL penicillin (Flow Laboratories, Melbourne,
Australia) and 292-3 pg/mL L-glutamine (Flow Lab¬
oratories, Melbourne, Australia) and incubated in a
humidified atmosphere of 10% CO2 at 37°C. The cul-
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ture medium was changed three times per week and
the cells were subcultured as soon as they reached con¬
fluence by washing in HTPBS and adding 0-01% ethy-
lenediamine tetra-acetic acid (EDTA) in HTPBS, with
mechanical agitation until the cells were released from
the culture flask. They were then diluted one in three
with fresh culture medium and re-plated into fresh
tissue culture flasks. Prior to the establishment of ker-
atinocyte cultures, 3T3 cells were inoculated into 25
cm flasks and cultured until near confluent at which
stage they were lethally irradiated with 5000 rads from
a gamma cobalt 60 source in an Elderado 6 radiation
device (Walter and Eliza Hall Institute, Melbourne).
Fibronectin coated flasks were prepared by adding

HTPBS containing 10 pg/mL bovine fibronectin
(Sigma, Imbros, Victoria) to 25 cm Nunc tissue culture
flasks, and allowing to stand for 10 min at room tem¬
perature. The HTPBS was then drained and medium
containing the single cell suspension was added.

Media
Basal medium consisted of DME supplemented

with 10% FCS, 292-3 pg/mL L-glutamine, 100 pg/mL
streptomycin and 100 iu/mL penicillin.
Medium D consisted of basal medium sup¬

plemented with 10 ng/mL CT (Sigma, Stansen Scien¬
tific, Melbourne, Australia) 10 ng/mL EGF (Sigma,
Stansen Scientific, Melbourne, Australia) and 0-5
pg/mL hydrocortisone sodium succinate BP (Glaxo,
Australia).
Medium F consisted of medium D supplemented

with 10 pg/mL amphotericin B (Flow Laboratories,
Melbourne, Australia).
Medium I consisted of medium D supplemented

with 5 U/mL regular insulin 2 (Commonwealth Serum
Laboratories, Melbourne, Australia).
Medium T consisted of medium D supplemented

with 10 pg/mL human transferrin (Sigma, Stansen
Scientific, Melbourne, Australia).
Medium A consisted of medium D supplemented

with 1 -8 X 10"4 mol/L adenine (Sigma, Stansen Scien¬
tific, Melbourne, Australia).
Medium H consisted of DME and Ham's F12

medium (Flow Laboratories, Melbourne, Australia) in
a ratio of 2 : 1, supplemented with 10% FCS, 292-3
pg/mL L-glutamine, 100 pg/mL streptomycin, 100
iu/mL penicillin, 10 ng/mL CT, 10 ng/mL EGF and
0-5 pg/mL hydrocortisone.
A comparative summary of the different media is

presented in Table 1. All media had their pH adjusted
to within the range of 7-0-7-2 via the addition of
1 mol/L HEPES (A'-2-hydroxyethylpiperazine-A'-2-
ethanesulfonic acid) buffer immediately prior to each
use.

Autografts
20X 10 mm full thickness wounds were produced

on the ears ofanaesthetized rabbits with a 10 mm skin
punch, fine scissors and jeweller's forceps. Kerati-
nocyte cell cultures suitable for grafting were removed
from culture vessels on pieces of sterile fine vaseline
gauze as described previously (4).

Table 1. Comparative summary of the seven media
examined for keratinocyte growth promoting
activity

Medium
Basal D F I T A H

DME + + + + + + %
10% FCS + + + + + + +

L-glutamine + + + + + + +

Streptomycin + + + + + + +
Penicillin + + + + + + +
CT + + + + + +
EGF + + + + + +

Hydrocortisone + + + + + +

Amphotericin B +
Insulin +
Transferrin +
Adenine +
Ham's F12 %

The gauze containing the cultured keratinocyte
sheets was cut into 15 mm X 25 mm pieces, laid on the
graft bed and secured in place with four 8/0 virgin silk
sutures. An extra layer of sterile fine white paraffin was
placed on top of the gauze and sealed with a liberal coat
of Op-site spray, to protect against desiccation.
Exposed X-ray film was cut into 25 mm X 35 mm rec¬
tangles, soaked in 70% alcohol for 1 h prior to drying
and placing on top of the graft and secured in place
with six 4/0 silk sutures.
Control wounds were prepared and dressed identi¬

cally, except that the vaseline gauze did not have a
cultured keratinocyte sheet attached.
Dressings were inspected daily and removed after

5 days. Thereafter the grafts were inspected daily for
30 days and the time taken to reach complete healing
recorded.

Statistics
The numerical results (time until 100% confluence,

graftable and complete healing) were evaluated for
statistical significance by using the /-test for indepen¬
dent samples and the data from the corresponding
controls. This test is only valid for data in a normal
distribution and thus the mean and medium for each
group of data were compared. Where the mean and
median suggested skewed data, the less sensitive
Wilcoxon matched-pairs signed-ranks test was used.

RESULTS

Overall results
In the course of these experiments 357 disaggre¬
gated rabbit cultures were initiated, of which
128 reached a graftable state, with 90 becoming
infected, 56 succumbing to rabbit fibroblast
overgrowth, 61 having no or poor growth and 12
succumbing to miscellaneous fates. It is to be
noted that these are the overall results and that
with the optimal culture technique, as defined



122 A. F. BREIDAHL ET AL.

Fig. 2 Graftable rabbit keratinoeyte culture stained
with rhodanile blue.
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by the experiments reported in this paper, 77 of
107 cultures progressed to a graftabie state.
Once cultures had achieved a graftable state,

they formed a distinct macroscopic layer which
could be stained for keratin with rhodanile blue
(Fig. 2) and displayed a similar cross-sectional
anatomy to normal rabbit epidermis (Fig. 3).

Alcohol wash

Forty-one cultures (not paired) were examined
for the effect of an alcohol wash, prior to trypsin
digestion of skin, on infection rates. Of 17 cul¬
tures which received either no alcohol wash, or a
wash for 10 s or less, nine (53%) became infected
within one week. Of 34 cultures which received
an alcohol wash for 15 or 20 s, three (8-8%) suc¬
cumbed to infection within 1 week. Thus an

alcohol wash of 15 s or more greatly decreases
the culture infection rate.

Hot vs cold trypsinization
Ten cultures were initiated after preparation of
the skin by trypsinization in 0-25% trypsin at
37°C for 2 h, with 10 otherwise identical controls
being initiated after preparation by trypsin¬
ization in 0-25% trypsin at 4°C for 18 h. No ob¬
servable difference was detected, with the mean
time to 100% confluence being 12-7 days (cf.
12-8 days for controls) and the mean time to a

Fig 3. Hematoxylin and eosin sections of (a) cultured
rabbit keratinocyte sheet (magnification X 60), and
(b) native rabbit epidermis (magnification X 60).

graftable state being 22-1 days (21-4 days for
controls).
Nevertheless, when nine specimens of skin

from different rabbits were each divided, with
half being trypsin-digested at 37°C and half at
4°C, eight specimens produced a greater yield of
viable cells with 'cold' trypsinization. The mean
yield of viable cells per cm2 of native skin for the
whole nine specimens was 2-3 X 106 cells at 37°C
for 2 h, as opposed to 3-0 X 106 cells at 4°C for
18 h.

Dispose vs trypsin skin digestion
Six paired cultures were established with the
only variable being the use of dispase (grade 1,
Boehringer, Sydney, Australia) compared to
trypsin for the digestion of the dermo-epidermal
junction during skin preparation. All cultures
established with dispase were over-run by rabbit
fibroblasts compared to none established with
trypsin and thus the use of dispase in the prep¬
aration of a single cell suspension was aban¬
doned.
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Lethally irradiated mouse 3T3 fibroblast feeder
layer
Twenty-six paired cultures were established
comparing a feeder layer of lethally irradiated
mouse 3T3 fibroblasts with no feeder layer.
Otherwise each pair of cultures were identical.
Of the 13 cultures initiated with no feeder layer,
none produced sustained growth to 100% con¬
fluence, with six being over-run by rabbit fibro¬
blasts and seven only developing small colonies
which did not grow into a confluent monolayer.
Of the 13 cultures established on a lethally irra¬
diated mouse 3T3 fibroblast feeder layer, five
were over-run by rabbit fibroblasts, but eight
progressed to graftable cultures.

Fibronectin feeder layer
Fourteen paired cultures were initiated with the
only variable between each pair being the use of
a fibronectin or lethally irradiated mouse 3T3
fibroblast feeder layer. None of the cultures in¬
itiated on a fibronectin feeder layer produced
graftable cultures, either being over-run by rab¬
bit fibroblasts or not demonstrating sustainable
growth to 100% confluence, whereas all cultures
initiated on the lethally irradiated mouse 3T3
fibroblast feeder layer progressed to a graftable
state.

Cholera toxin, epidermal growth factor and
hydrocortisone
As these three additivies have almost universally
been demonstrated to be of benefit in other
species (9), their effects in rabbit disaggregated
keratinocyte culture were examined together.
Twenty-two paired cultures were established
where the only variable in each pair was the use
of medium D or basal medium. There was no

significant difference in the number of cultures
that reached a graftable state with each medium,
although medium D was significantly faster to
reach both confluence (mean of 20-9 days com¬
pared with 25-7 days, P= 0-05 by Wilcoxon test)
and a graftable state (mean 23-7 days cf. 33-1
days, P<0 02 by Wilcoxon test).

Supplementation with Ham's F12 medium
Medium Ff was identical to medium D, except
that it was supplemented with 30% Ham's F12
medium. Twenty-six paired cultures were in¬
itiated to compare these two media. All cultures
initiated in medium D proceeded to a graftable
state compared to only 30% of those initiated in
medium H.

Amphotericin B
Medium F was identical to medium D except
that it was supplemented with 10 pg/mL ampho¬
tericin B. Twenty-eight paired cultures were
initiated where this was the only difference
between each pair. All the cultures in medium D
proceeded to a graftable state as compared to
86% for medium F. with the others degenerating
after reaching 100% confluence. There was no
significant difference in the mean times to 100%
confluence and a graftable state. Furthermore, it
was noted that 71% of the cultures in medium F
degenerated prior to 33 days in culture whereas
only 14% of the cultures in medium D had
degenerated by this time.

Insulin

Twenty-eight paired cultures were established
comparingmedium D to medium I, containing 5
U/mL regular insulin. All cultures in medium D
achieved a graftable state compared to 64% of
those in medium I, the others undergoing growth
arrest. Furthermore, medium I cultures were
slower to both 100% confluence (mean 19-8 days
cf. 16-7, F<0'05 via Wilcoxon test) and graft-
able (mean 21-8 days cf. 19-3 P<010 via
Wilcoxon test).

Adenine

Twenty-six paired cultures were established
such that one of each pair was in medium A and
the other in medium D, the only difference being
the presence of 1 -8 X 10"4 mol/L adenine. There
was no statistically significant difference be¬
tween these two groups in the time taken to
either 100% confluence or a graftable state. Fur¬
thermore two cultures in medium A suffered
rabbit fibroblast overgrowth as compared to
only one in medium D, demonstrating that
medium A does not inhibit autologous fibro¬
blast overgrowth in rabbit keratinocyle cell cul¬
tures as has been reported for other species
(16).

Transferrin
Thirty-six paired cultures were initiated such
that one of each pair was in medium D and the
other in medium T which was supplemented
with lOpg/mL bovine transferrin. All 36 cul¬
tures progressed to a graftable state, with
medium T cultures being faster to both 100%
confluence (mean 17-6 days cf. 19-8, P<001
via Wilcoxon test) and graftable (mean 19-9 days
cf. 22-6, P<001 via Wilcoxon test).
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Fig. 4. Hematoxylin and eosin sections of (a) control
wound (magnification X 60). and (b) cultured auto¬
graft (magnification X 60), both at seven days.

Autografts
Thirteen rabbits received cultured keratinocyte
autografts to 2 cm2 wounds on their ears plus a 2
cm2 control wound which received no graft but
was otherwise dressed identically. The grafts
were inspected daily and the time taken to 100%
healing was recorded. The autografted wounds
had a mean healing time of 9-6 days compared to
14-6 days for the ungrafted controls which is sig¬
nificant at the PcOOOOl level via the T-test.
All of the autografts had large areas of graft take
when the dressings were removed at day 5,
whereas none of the control wounds were signif¬
icantly healed by this stage. Biopsies of both an
autograft and control wound at seven days (Fig.
4) revealed that both the healed cultured auto¬

graft and the healing edge of the control wound
developed a hypertrophied epidermis compared
with native rabbit ear skin (Fig. 3b). No hair fol¬
licles were identified in cultured autografts and
rete pegs (interdigitating ridges of papillary der¬
mis and stratum germinativum layer of epi¬
dermis) were only rudimentally developed. All

wounds were examined for a period ofat least 30
days during which time none of the autografts
showed any signs of ulceration or necrosis.

DISCUSSION

This study reports the development of a
technique capable of reliably and rapidly pro¬
ducing immunologically pure rabbit kerati¬
nocyte cultures suitable for transplantation
studies. The only prior report of cultured rabbit
keratinocytes was in an immunologically im¬
pure system requiring the presence of a feeder
layer of inverted pig or rabbit skin, which neces¬
sarily produced rejection responses when used
for transplantation studies (8).
That this technique produces immunologi¬

cally pure rabbit keratinocyte cultures suitable
for transplantation studies has been demon¬
strated by the autograft results presented, where
13 autografts healed significantly faster than
ungrafted control wounds, with no macroscopic
or microscopic signs of rejection.
The results suggest a technique for rabbit ker¬

atinocyte culture which involves a 20 s wash in
2% iodine in 70% alcohol prior to cold trypsin-
ization, inoculation on to a lethally irradiated
3T3 mouse fibroblast feeder layer in a medium
consisting of Dulbecco's modified Eagle's mini¬
mal essential medium supplemented with 10%
FCS, 292-3 pg/mL L-glutamine, 100|ig/mL
streptomycin, 100 iu/mL penicillin, 10 ng/mL
cholera toxin, 10 ng/mL epidermal growth fac¬
tor, 0-5 pg/mL hydrocortisone and 10 pg/mL
transferrin.
Although the addition of insulin, adenine,

Ham's F12 medium and amphotericin B were
not demonstrated to be of benefit, they were
only examined at one concentration each, as de¬
scribed for other species (9). Further studies may
reveal a beneficial effect from these substances
at other concentrations.
The overall results for rabbit disaggregated

culture show that only 36% reached a graftable
state. The single most important finding was
that growth is very dependent on the particular
strain ofmouse 3T3 fibroblasts used as a feeder
layer. The first mouse 3T3 fibroblast strain used
was donated by Dr R. Whitehead (Ludwig Insti¬
tute for Cancer Research, Melbourne) who had
applied it successfully for other purposes,
however, no sustainable keratinocyte growth
was observed in some 100 cultures initiatedwith
this strain. When the mouse 3T3 fibroblast
strain donated by Mr R. Wale (Alfred Hospital,
Melbourne) was substituted for the first strain,
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the majority of cultures produced sustainable
growth to 100% confluence. Any group that
wishes to establish keratinocyte cell culture as a
tool in their own laboratory are strongly advised
to obtain a 3T3 strain that is currently in use for
the same purpose. The culture conditions for
maintenance of the mouse 3T3 fibroblast line
are described in Materials and Methods.
Infection remains a major problem in the effi¬

ciency of this technique, being the commonest
cause for culture failure with 17 of 107 cultures
initiated using the optimal technique succumb¬
ing. Although the addition of amphotericin B
may curtail this problem, it was found to pro¬
duce premature senescence of cultures. The
addition of other antibiotics, such as neomycin
or gentamycin, may further reduce the contam¬
ination rate in cultures derived from alcohol-
washed skin.
Finally, theoretical concerns must be noted

for the extrapolation of keratinocyte cell culture
to human transplantation work. The use of a

3T3 mouse fibroblast feeder layer, which has
been transformed into an immortal cell line by
transfection with a virus, provides the opportu¬
nity for oncogenesis in the recipient ofa cultured
keratinocyte graft. This may theoretically occur
by some 3T3 cells surviving the process of lethal
irradiation and being transferred undetected to
the host, or by the virus which transformed the
fibroblasts infecting the cultured keratinocytes,
possibly producing latent tumours in the host.
Furthermore the use ofmultiple factors to sti¬

mulate keratinocyte cell growth may over-ride
the normal controls ofcell reproduction and give
raise to tumours in the recipient. Although these
objections are of little concern in animal work,
they gain greater significance when considering
cultured keratinocyte grafts in humans, particu¬
larly children (23).
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Summary A technique is described for the culture of disaggregated rabbit keratinocytes and the
production of confluent sheets of immunologically pure keratinocytes suitable for use in transplan¬
tation studies. The benefits of various feeder layers, nutrients and growth hormones were examined by
the use of paired controls. The ability of the cultured keratinocyte sheets to be removed from the
culture vessel intact and survive as viable autografts was demonstrated, thus establishing a new animal
model for the investigation of allograft rejection responses to cultured keratinocytes. The benefits of
using the rabbit model for such studies and the advantages of this culture technique over a previously
described method of rabbit keratinocyte cell culture are discussed.

INTRODUCTION

The rabbit represents an excellent animal model
for the study of rejection responses to cultured
keratinocyte allografts for three reasons. First,
the small size enables large numbers of subjects
to be practically and inexpensively housed for
prolonged periods. Second, a high fecundity and
rapid sexual maturation allows for the develop¬
ment of inbred strains. Third, the rabbit major
histocompatibility complex (MHC) displays a
higher degree of homology with the human
MHC than the murine or canine models (1-
3).
Successful techniques of keratinocyte culture

producing confluent immunologically pure
sheets suitable for transplantation have been
described for the human (4), murine (5), canine
(6) and porcine (7) models. Although a method
of rabbit keratinocyte cell culture has been
reported (8), a feeder layer of inverted rabbit or
pig skin was required to prevent rabbit fibro¬
blast overgrowth. The cultured keratinocytes
could not be separated from the feeder layers
and when used in transplantation studies a re¬
jection response to the inverted skin feeder layer

Correspondence: A. F. Breidahl, University of Mel¬
bourne, Department of Surgery, Royal Melbourne
Hospital, Parkville, Vic. 3050, Australia.
Abbreviations used in this paper: CT, cholera toxin;

DME, Dulbecco's modified Eagle's medium; EDTA,
ethylenediamine tetra-acetic acid; EGF, epidermal
growth factor; FCS, foetal calf serum; HTPBS, human
tonicity phosphate-buffered saline; MHC, major
histocompatibility complex.

clouded interpretation of any modification of
rejection secondary to culture.
A multitude of variables in culture technique

have been described for keratinocyte cell culture
in species other than the rabbit (9). These vari¬
ables may be categorized into the groups of skin
preparation, feeder layers, nutrients and growth
hormones.
In particular, advantages have been reported

in skin preparation from using trypsin digestion
(10), dispase digestion (6), Ficoll gradient purifi¬
cation (11) and alcohol soaks (12). Advantages
have also been reported with the use of no feeder
layer (13), a feeder layer of lethally irradiated
mouse 3T3 fibroblasts (14) and a fibronectin
feeder layer (15). Valuable nutrients for other
species include transferrin (16) and adenine
(17). The growth factors cholera toxin (CT) (18),
epidermal growth factor (EGF) (19) and hydro¬
cortisone (14) have been established as useful
additives, whilst controversy surrounds the
value of insulin (16,20-22).
This study examined the effect of these vari¬

ables on rabbit disaggregated keratinocyte cell
culture in order to develop a rapid, reliable cul¬
ture technique producing confluent sheets of
rabbit keratinocytes suitable for use in trans¬
plantation studies.

MATERIALS AND METHODS

Animals

Rabbits were derived from two sources. Outbred
rabbits were purchased from Commonwealth Serum
Laboratories (Melbourne, Australia) and three sep-



T/SSUE PRESERVA TION

As improvements in immunosuppression expanded the ro/e of

organ transplantation in man, I developed a specific interest in tissue

preservation for transplantation. My initial experiments were undertaken

when I was a Public Health Service Research Fellow with Dr Keith

Reemstma at Tulane University in New Orleans. We were the first

workers to suggest that administration of a diuretic to the kidney donor
would lessen the metabolic requirements of the kidney during the period

of ischaemia between organ removal and revascularization, thus

minimising the effects of ischaemia. This hypothesis was tested and

proven in a rat model (86) and although the particular diuretic was

superseded because of its relative toxicity, was the basis for the now

routine administration of an osmotic diuretic and a high fluid load to both

living and cadaver donors.

On moving to Brisbane, my group was joined by Dr Geoffrey

Collins, who had an established reputation in the preservation field in

developing the solution for flush perfusions which bears his name.

Together we established an active programme using the dog kidney

transplant model which investigated improvements in flush perfusion

solutions and their assessment in vitro and in vivo (87,90,92,93,95,97).

The major extension in ischaemic periods tolerated by the kidney

facilitated the development of an Australia-wide programme of cadaver

kidney sharing on the basis of tissue matching (88,89,91,100,101,102).
We a/so developed simplified methods for continuous perfusion

preservation (94,96,98) which were highly effective and much less

expensive than the commercial systems available at that time. However,

continuous perfusion was superseded by the extended periods of

preservation achieved by simple flush perfusion using the hyperosmolar

Collins solution which we had developed and which has now been largely

displaced by the even more effective University of Wisconsin (UW)

solution.
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MERCURIAL DIURETIC PROTECTION OF THE
ISCHEMIC KIDNEY IN THE RAT

Gordon J. A. Clunie, M.B., F.R.C.S. (Ed., Eng.),
Edward S. Lindsey, M.D., and
Keith Reemtsma, M.D., F.A.C.S.

Cooling of cadaver organs before transplantation depresses cellular
metabolism, allowing preservation for several hours. An alternative
method of organ preservation involves chemical inhibition of cellular
enzymes at body temperature. The present study involves the evalua¬
tion of an organic mercurial compound, mersalyl, in protecting the
kidney in the rat from ischemic damage. The mercurial is removed
later by dimercaprol (BAL).

procedure and results

Controls. In 40 random bred rats, right nephrectomy was done and
the left renal artery clamped for a predetermined time. The effects of
75, 90, 105, and 120 min. of renal ischemia were examined, using 10
animals in each of the 4 groups. All animals survived 75 min. of
ischemia of the remaining left kidney whereas none survived if oc¬
clusion was 90 min. or longer.
Drug Treated Series. Seventy rats were subjected to right nephrec¬

tomy and clamping of the left renal artery for 90 min. Mersalyl, ad¬
ministered intravenously 10 min. before clamping the artery, was
used in 3 dosage schedules (1): diuretic dose, moderate overdose, and
normally fatal overdose. Dimercaprol was given intramuscularly im¬
mediately after release of the clamp and was repeated daily for 3
days. Results are shown in Table I.

Table I

NUMBER MERSALYL (AS MG. BAL (EACH OF 4
OF HG PER 100 CM. DOSES, AS MC.

RATS ' BODY WEIGHT) PER 100 CM. B. W.) SURVIVAL

10 0.25 0 2
10 0.5 0 0
10 1.0 0 0
10 0 1.0 0
10 0.25 1.0 0
10 ' 0.5 1.0 4
10 1.0 1.0 8

From the Department of Surgery, Tulane University School of Medicine, New
Orleans, La. Supported in part by U. S. Public Health Service Grant HE-09178.
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conclusion

High doses of an organic mercurial compound afforded significant
protection from the affects of ischemia in the kidney of the rat at body
temperature. The mechanism of action is presumed to be reversible
enzyme inhibition.

reference

1. Blumberc, H., Schlesinger, A., and Gordon, S. M. Toxicological studies of a
new mercurial diuretic: mercumatilin. J. Pharmacol. Exp. Ther., 1952, 105:336.
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KIDNEY PRESERVATION FOR TRANSPORTATION1

5. COMPARISON OF PERFUSATES FOR HYPOTHERMIC STORAGE

Geoffrey M. Collins, m.s., f.r.c.s., Lionel C. J. Hartley, f.r.c.s., f.r.a.c.s.,
and Gordon j. A Clunie, ch.m., f.r.c.s., f.r.c.s. (edin.), f.r.a.c.s.

Princess Alexandra Hospital, Brisbane, and Department of Surgery,
University of Queensland

A new perfusate, solution C3, was compared with
plasma and a dextran-based plasma substitute in
a 24-hour hypothermic kidney storage model. As
judged by the rise in serum creatinine level following
autografting of the stored kidney and immediate
contralateral nephrectomy, solution C3 was signifi¬
cantly better than the other perfusates tested. It
Is recommended that this perfusate be used in
preference to conventional solutions for the preser¬
vation of human cadaveric kidneys.

In most transplant units, kidneys are preserved before
reimplantation by ice immersion after a short perfusion.
The importance of perfusate composition has, however,
not been generally appreciated, and a variety of solutions
have been recommended. In the present report a new

perfusate, solution C3 (Collins et alii, 1969), has been
compared experimentally with two conventional perfusates,
plasma and a dextran-based plasma substitute.

METHODS

The animals used were mongrel dogs weighing between
25 and 45 lb. Unilateral nephrectomy was performed, and
the excised kidney immediately immersed in iced saline
slush, followed by perfusion with 150 ml of the solution
under investigation as described previously (Collins et alii,
1969). The perfusates included: (i) "Perfudex" (Pharmacia),
a dextran-containlng plasma substitute;2 (ii) "Perfudex"
buffered to. pH 7-35 at 37° C with sodium bicarbonate; (iii)
cryoprecipitated canine ACD plasma (Belzer et alii, 1967);
(iv) solution C3 (pH 7-0 to 7'1 at 37°C).3
Heparin and procaine were added to the dextran and

plasma solutions in the same proportions-as to the solution
C3.
After 24 hours' storage in iced saline slush, the kidney

was reimplanted in the donor pelvis, and the contralateral
kidney removed. Renal function was followed up there¬
after for seven days with daily measurements of the serum
creatinine, level.

RESULTS

Perfusion with all four solutions was rapid, and a clear
venous effluent was obtained in all cases. All kidneys
showed some degree of swelling, but this was most marked
after perfusion with C3. The results obtained after reim¬
plantation are summarized in Table 1.

1 Supported in part by a grant from the Mayne Bequest Fund
of the University of Queensland and by National Health and
Medical Research Council grant number 603830-75.

2 The composition of "Perfudex" is as follows: dextran,
MW 40,000, 5 gm ; sodium chloride, 0-8 gm ; potassium chloride,
0 04 gm ; Na2HP0i.7H20, 8-75 mg KH2P04, 6'25 mg;
MgS04.7H20, 0-02 gm; dextrose, 0-1 gm; and water to 100 ml.

3 See appendix for composition.
Address for reprints: Dr G. M. Collins, Department of Sur¬

gery, University of Queensland, St Lucia, Q. 4067.

The recipients of kidneys perfused with unbuffered
"Perfudex" (group 1) all died in uraemia. Function was
somewhat better when the "Perfudex" was buffered to

pH 7-35 (37° C) with sodium bicarbonate solution before
use. In this second group of dogs there was one death from
intussusception, but none from renal failure. The serum
creatinine level rose markedly after kidney storage in
every case, however, indicating substantial ischaemic
damage.

Table l

Function of Kidneys Stored for 24 Hours after Perfusion

Perfusate

Number
of

Dogs

Maximum
Serum

Creatinine
Level

Mean SD
Urremic
Deaths

" Perfudex " .. 4 16-5,1 13 01
13-0,1 1001

131 2-3 4/4

P»uffered " Per¬
fudex "

5 5-9, 9-6, e
6-3,2 8-3

;'4 7-3 1-4 0/5

Plasma 4 10-4, 17-5,1
3-8, 3 -23 8-7 5-8 1/4

C3 9 1-5, 21,
3-8, 2-5,
2-2,4 3-3,
1*8, 1-2,
2-8

2-4 0-79 0/9

1 Died of linemia.
2 Died of intussusception.
2 Died of pneumonia.
1 Died of arterial thrombosis.

Function of the kidneys perfused with cryoprecipitated
ACD plasma before storage (group 3) was variable. In
two cases only modest increases in the serum creatinine
level were recorded, reaching 3-2 and 3-8 mg/100 ml,
whereas the serum creatinine level rose to 10-4 and

17-5 mg/100 ml in the remaining two, and the last dog
died in uraemia. A similar variability when plasma per¬
fusion preceded hypothermic storage has been noted by
others (J. E. Woods, personal communication, 1970).
The average maximum serum creatinine level following

initial perfusion with solution C3 (group 4) and 24-hour
hypothermic kidney storage was 2-4 mg/100 ml, com¬

pared with 13-1, 7-3 and 8-7 mg/100 ml in groups 1, 2 and
3 respectively. These differences were all significant at
the 5% level or better, as judged by a f test. There was,

however, no significant difference (P > 0-05) between
these results for solution C3 and those reported in an

earlier study with solution C4 (Collins et alii, 1969), which
contained phenoxvbenzamine in addition to the other
constituents.
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DISCUSSION

Hypothermic reduction of metabolic requirement (Levy,
1959) currently forms the basis of all methods of kidney
storage used in clinical practice. In most transplant
centres, the excised kidney is first perfused with a small
volume of cold electrolyte solution to expedite cooling
(Dempster et alii, 1964; Brunius et alii, 1968; Sheil et alii,
1968; Sells and Pena, 1970), and is stored thereafter in the
cold until reimplanted. In others, perfusion has been
maintained continuously throughout the period of preser¬
vation to provide the kidney with a flow of oxygenated
nutrient solution (Belzer et alii, 1970). Although the
results have been good, the complexity and expense of
continuous perfusion systems have tended to deter most
transplant groups from their use.

The composition of the solutions with which kidneys
have been perfused prior to hypothermic storage has, on
the whole, been chosen to resemble plasma, although,
judging by the variety of solutions recommended, it is
clear that no great importance has been attached to the
precise composition of the perfusate. It has not even been
established whether an initial flush with one of these
solutions confers any advantage over surface cooling alone,
or in fact may be disadvantageous (Collins et alii, 1969).
In earlier publications, we described a perfusate, solu¬

tion C4, modelled on intracellular fluid, which permitted
the ice storage of canine kidneys for up to 48 hours
(Collins et alii, 1969, 1970). The perfusate used in this
study was identical to C4 apart from the exclusion of
phenoxybenzamine, the addition of which had posed the
problem of flocculent precipitation. The presence of
phenoxybenzamine in the perfusate does not seem to have
been critical, since the present results with C3 are not
significantly inferior to those described previously with C4.
Although the precise mode of action of solution C3 has

not been determined, factors of importance probably
include vasodilatation produced by procaine and mag¬
nesium (Levowitz et alii, 1970), the preservative properties
of magnesium (Kamiyama et alii, 1970), hyperosmolarity
which might reduce anoxic cell swelling (Enerson, 1966),
intracellular composition reducing ionic exchange across
the cell membrane (Keeler et alii, 1966), and the presence
of the phosphate buffer. This last factor is almost certainly
of some importance, since unbuffered "Perfudex" was

quite clearly inferior as a perfusate to buffered "Perfudex".
It probably does not depend on superior mechanical
flushing of the renal circulation, since renal swelling was
much more in evidence than when "Perfudex" served as

the perfusate. The colloid in both "Perfudex" and plasma
appears to improve the perfusion characteristics (Manax
et alii, 1965; Kerstein et alii, 1970), but is obviously not
essential, since excellent results have been obtained with
solution C3 which contains no colloid.

This additional experimental evidence confirms our

previous reports and those of others as to the efficacy of
solution C3 by comparison with conventional plasma
substitutes as a perfusate for hypothermic kidney preser¬
vation (Collins et alii, 1969, 1970; Liu et alii, 1970; Collste
et alii, 1970), and provides a basis for suggesting that

until it is superseded it should be used in perference to
conventional solutions for the preservation of human
cadaveric kidneys (Collins et alii, 1971).
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APPENDIX

The composition of the kidney preservation fluid C3 is
as follows: (i) KHaPO,, 2-05 gm; (ii) K2HP04, 3H20,
9-70 gm; (iii) potassium chloride, 1-12 gm; (iv) NaHCO„,
0-84 gm; (v) distilled, deionized water to 1 litre.
The solution is Altered and autoclaved in sealed bottles.
Before use the solution is cooled and the following com¬

ponents are added: (vi) heparin, 5,000 units/ml, 1 ml/1.; (vii)
glucose, 50% (w/v), 50 ml/1.; (viii) procaine, 10%, 10 ml/1.;
(ix) MgSOj 7HaO, 50% (w/v), 14-4 ml/1. Finally, the solu¬
tion is filtered through a 5/t to 10^ pore size sintered glass
filter.
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This article reported the first use of a new solution, C3, for the

preservation of human cadaveric kidneys, with immediate function in 12

of 14 kidneys.
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KIDNEY PRESERVATION FOR TRANSPORTATION1

6. A NEW PERFUSATE APPLIED TO HUMAN CADAVERIC KIDNEYS

Geoffrey M. Collins, m.s., f.r.c.s., Lionel C. J. Hartley, f.r.c.s., f.r.a.c.s.,
and Gordon J. A Clunie, ch.m., f.r.c.s., f.r.c.s. (edin.), f.r.a.c.s.

Princess Alexandra Hospital, Brisbane, and Department of Surgery,
University of Queensland

A new perfusate (solution C3) was applied to
the hypothermic preservation of human cadaveric
kidneys before transplantation, with excellent
results. Twelve of the kidneys so preserved with
storage times up to 9 hours 27 minutes manifested
immediate adequate function, avoiding the need for
post-transplant dialysis. Two kidneys stored for
longer than 12 hours suffered acute tubular necrosis,
as did four others in which buffered Hartmann's
solution was used as the perfusate.

We have recently described a new solution for renal per¬
fusion before ice storage (Collins et alii, 1969, 1970) which
differs from conventional perfusates in its resemblance to
intracellular rather than extracellular fluid. Preservation

for periods in excess of 24 hours was possible, and there¬
after renal function was substantially better than has been
reported previously for hypothermic storage. Indeed, the
results compared favourably with those obtained when
canine kidneys have been stored on complex continuous
perfusion circuits (Belzer et alii, 1967; Liu et alii, 1970).
In the present report, the use of this new perfusate in

the storage of 14 consecutive human cadaveric kidneys is
described. The early renal function after transplantation
in this group may be compared with that in a smaller
group in which buffered Hartmann's solution served as
the perfusate before it was replaced by the new solution.

METHODS

The technique for human cadaveric kidney preservation
was by immersion in iced saline slush after perfusion
through the renal artery or arteries with a 300 to 400 ml
volume of either buffered Hartmann's solution (four kidneys,
group 1), or solution C3 (14 kidneys, group 2) from a height
of one metre. The composition of C3 is shown in the
appendix in the preceding paper. Phenoxybenzamine, a com¬
ponent of the previously described solution C4 (Collins et alii,
1969), was not included owing to the turbidity which resulted
from its addition. The perfusate was made up and filtered
immediately before use to avoid the possibility of intro¬
duction into the renal circulation of a precipitate which was
sometimes seen to form in the perfusate solution upon
standing. Further precipitation within the kidney during
storage, although a theoretical possibility, does not seem to
have occurred in practice, as witnessed by the excellent
results of preservation in dogs and man, and by the lack
of evidence, both macroscopic and microscopic, of emboliza¬
tion of the kidney when the filtered perfusate was used.
After perfusion the kidneys were placed in plastic bags
containing iced saline slush, and packed in chipped ice
within separate "Styrofoam" containers. In eight cases

1 Supported in part by a grant from the Mayne Bequest Fund
of the University of Queensland, and by National Health and
Medical Research Council grant number 603830-75.
Address for reprints: Dr G. M. Collins, Department of Sur¬

gery, University of Queensland, St Lucia, Q. 4067.

kidneys were, flown by commercial air freight from Brisbane
to Sydney, a distance of 479 miles, and reimplanted there.
Donors were aged between 14 and 49 years. Death, which

was determined by physicians unconnected with the trans¬
plant team, followed head injury in all cases. The patients
had been maintained on respirators, and were well hydrated.
The majority had received mannitol in the treatment of
cerebral cedema. Urine production was evident to within
an hour of death in every case. Terminal hypotension was
not regarded as a contraindication to use of the kidneys,
provided that a good urine flow had been maintained or
had occurred in response to mannitol. Donor nephrectomy
was performed through a transverse upper abdominal
incision after circulatory arrest.

RESULTS

All four group 1 kidneys perfused with buffered
Hartmann's solution before ice storage suffered ischsemic
damage, and all recipients required dialysis after trans¬
plantation. By contrast, perfusion with solution C3 was

followed by immediate kidney function in 12 of 14
recipients, post-transplant dialysis being required in only
two patients in this group (Table 1). Mean warm ischsemia
times in the two groups were similar (16 to 17 minutes),
whereas mean total duration of storage in group 2 was
nearly three times that in group 1 (5 hours 43 minutes,
compared with 2 hours 1 minute).
The rapidity with which the serum creatinine level was

reduced in the recipients of kidneys perfused with solution
C3 is noteworthy. Five of 14 patients had serum creatinine
levels of 2 mg/100 ml or less within 48 hours of trans¬
plantation, and a further three by the eighth day. In those
cases in which the kidney functioned well immediately
after transplantation, a plot of log (serum creatinine -1)
against time showed an initial linear segment in every
case (Figure 1). Serum creatinine levels below 1-3 mg/
100 ml were not considered, owing to the marked influence
of inaccuracies at these levels.

In some cases, namely 4b, 5a, 8b, 9a, and 11, there was
an abrupt flattening of slope before the serum creatinine
had reached normal levels (Figure 1). In two instances,
this coincided with clinical evidence of rejection, whereas
in the remainder there was no evidence of rejection by
other parameters.
The early function of the kidneys perfused with C3 was

related to the duration of warm ischsemia. There was a

significant inverse correlation between the slope of the
log (serum creatinine -1) versus time plot, and both the
initial and total warm ischsemia period (r = 0-613 and
0-647 respectively, P < 0-05), but not with the cold
ischsemia time (r = 0-513, P > 0-05).
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DISCUSSION

Immediate function, after transplantation and a period
of cold storage adequate to permit delivery of the kidney
to a histocompatible recipient, often in another centre,
are basic requirements for cadaveric kidney preservation.
The animal experiments which we have reported (Collins
et alii, 1969, 1970) and others (Liu et alii, 1970; Collste

solution (Brunius et alii, 1967) are widely used examples.
It was reasoned that the intracellular composition might
reduce ion exchange across the cell membrane during cold
storage (Whitman and Davies, 1953) or after perfusion
(Keeler et alii, 1966), while at the same time providing a
powerful phosphate buffer and the preservative effects of
a high magnesium content (Kamiyama et alii, 1970). As

8b(1 000)

\ 8a(0-998)

~~l 1—1—r- -i 1 1

9b(0-976)

9a (1-000 )

01 23456701 23456701 234567

DAYS AFTER TRANSPLANTATION

Figure 1: Plot of log (serum creatinine -1) versus time after transplantation for 12 kidneys
which functioned immediately. The continuous line is that of best fit calculated by least
squares for the points between which it is drawn. (Correlation coefficients in brackets.)
Deviation from linearity is evident at low serum creatinine levels, and in some cases at

higher levels, as discussed in the text.

et alii, 1970) have confirmed, would suggest that these
aims would be more readily met if cadaveric kidneys were
to be perfused with solution C3 before ice storage rather
than with more conventional solutions. The intracellular

type of electrolyte composition of C3 differs substantially
from that of Hartmann's solution or other plasma sub¬
stitutes, of which albumin in Ringer's lactate (Cleveland
et alii, 1964), dextran in a balanced salt solution (Manax
et alii, 1965), and sodium bicarbonate in invert sugar

reported elsewhere (Collins et alii, 1969), the basic formu¬
lation was modified empirically resulting in solution C4,
but the phenoxybenzamine has since been deleted owing
to the formation of a flocculent precipitate which rendered
its inclusion unpractical for clinical use. Whether or not
the above reasoning proves to be correct, the fact remains
that experimentally solution C3 (see appendix in preceding
paper) would appear to be unsurpassed as a perfusate for
hypothermic storage of canine kidneys.

Table l

Function of Cadaveric Kidneys Stored in Iced Saline after Initial Perfusion

Age of
Donor
(Years)

Case
Number Perfusate

Warm Ischaemia1 Time
(Minutes)

Initial Total

Total Storage
Time

Hours Minutes

Day when Serum
Creatinine Level

2 mg/100ml
or Less

Dialysis
Required

17 1 Group 1 15 35 1 37 27 Yes
41 2 20 47 1 47 18 Yes

3a Hartmann's solution 13 53 1 50 70 Yes
27 b 19 49 2 49 46 Yes

Mean 17 46 2 1 4/4

17 4a 20 65 1 50 20 No
b 25 75 3 57 5 No

14 5a 10 57 6 19 6 No
b 14 64 6 37 2 No

22 6 Group 2 7 54 4 52 2 No
17 la 14 34 5 30 o No

b C3 solution 19 53 1 54 2 No
27 8a 12 35 2 36 12 No

b 19 68 5 39 12 No
49 9a 14 66 7 29 8 No

b 23 68 9 27 17 No
42 10a 17 67 12 31 22 Yes

b 16 61 12 11 2 Yes
45 11 17 34 2 50 3 No

Mean 16 57 5 43 — 2/14

1 Initial warm ischaemia time : cardiac arrest until renal cooling. Total warm ischaemia time : initial warm ischaemia time plus anastomosis time.
•Serum creatinine level 3*4 mg/100 ml on day 28 after transplantation.
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Comparison between our results using C3 and others
in which cadaveric kidneys have been perfused with other
solutions before ice storage confirms the value of C3,
although factors such as donor selection, pre-mortem
cooling (Sheil et alii, 1968), use of a respirator (Carroll
et alii, 1969), the administration of agents such as mannitol
(Najarian et alii, 1966) and phenoxybenzamine (Belzer
et alii, 1970), and the duration of warm ischeemia must all
be taken into account. In the present series, of the 14
kidneys preserved with C3, only two (which had been
stored for more than 12 hours) failed to function imme¬
diately. These recipients required dialysis while recovery
from renal isclwemic damage took place. Despite shorter
storage time, all four kidneys perfused initially with
buffered Hartmann's solution suffered acute tubular

necrosis, and the recipients required post-transplant
dialysis. Reports from other sources indicate post-
transplant dialysis rates of 91% (Smith et alii, 1969),
approximately 60% (Hume et alii, 1966), 50% when total
warm ischsemia time was less than 90 minutes (Pletka
et alii, 1969), and 32% when storage time averaged four
hours and when the donors had been on a respirator
(Carroll et alii, 1969).

Recently, Sells and Pena (1970) reported on the function
of cadaveric kidneys which had been preserved on ice after
perfusion with either Ringer's lactate and albumin or a

"Rheomacrodex", invert sugar, sodium bicarbonate combin¬
ation. Warm ischsemia and storage times were similar to
our own, yet the average oligsemic interval after trans¬
plantation for those donors who had been on a respirator
was nine days. By comparison, of the kidneys perfused
with C3, the onset of diuresis was immediate in 12, and
delayed until day 3 and day 17 respectively in the
remaining two recipients.

In the precent series, an immediate reduction in the
serum creatinine level followed transplantation in 11 out
of 14 (79%) of C3-perfused kidneys, compared with 69%
reported by Sheil et alii (1968), and 11% reported by
Brunius et alii (1968), both using dextran-containing
perfusates. In the latter series, cold ischsemia times were

comparable with our own, but warm ischaemia times were,
on the average, somewhat longer. However, even if only
those donors with initial warm ischsemia times of less
than 25 minutes are considered, immediate post-transplant
function occurred in only 25%. The transplant registry
figures (1969) attest to the fact that with conventional
methods for cadaveric kidney preservation, recovery of
function is usually slow. On the average, serum creatinine
levels did not fall below 2 mg/100 ml before 50 days after
transplantation. This level of function was achieved by
half the kidneys in our group 2 within six days.

The fact that the majority of kidneys which had been
stored after perfusion with C3 functioned immediately
provided an opportunity to study the manner in which
serum creatinine level was reduced immediately after
transplantation. It was found that a plot of log (serum
creatinine -1) against time was initially linear, with
correlation coefficients close to unity (Figure 1). This
form of graphical expression may therefore be of value not
only in analysing the quality of early renal function, but
also, as discussed previously, in diagnosing an early
rejection episode. In this respect, a reduction in the slope

of the plot may have the same significance as a rise in
serum creatinine level in a transplant recipient once a
stable level has been achieved.

This report would appear to provide further evidence for
the superiority of solution C3 over conventional perfusates
for kidney preservation. The statistically significant
inverse relationship between warm ischsemia time and
early function suggests that the time taken both to remove
the kidneys and to reimplant them should be kept to a
minimum. The total storage time would seem to be of
lesser importance once the kidney has been cooled. Imme¬
diate kidney function proved possible after 9 hours 27
minutes of storage. Further experience with this method
of preservation will be required to determine the limits
of duration of warm and cold ischsemia within which
immediate transplant function is possible.
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KIDNEY PRESERVT/ON FOR TRANSPORTA TION

FUNCTION OF 29 HUMAN-CADA VER KIDNEYS

PRESERVED WITH AN INTRACELLULAR PERFUSATE
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This article established solution C3 as the optimal perfusion fluid

for the initial flush prior to hypothermic storage of cadaver kidneys. Also

reported was a mathematical plot which allowed a precise estimate of the

effects of warm and cold ischaemia times and the expected renal

function.



KIDNEY PRESERVATION FOR TRANSPORTATION

Function of 29 Human-Cadaver Kidneys Preserved with an Intracellular Perfusate
Lionel C.J. Hartley, M.B., F.R.C.S., F.R.A.C.S., Geoffrey M. Collins, M.B., M.S., F.R.C.S.,

and Gordon J. A. Clunie, M.B., Ch.M., F.R.C.S.
Abstract Flush perfusion with a solution similar in
composition to intracellular fluid (solution C3) was
performed before ice storage of 29 consecutive
human-cadaver renal allografts. Twenty-four kid¬
neys functioned immediately without need for dialy¬
sis. Two underwent severe rejection, requiring early
nephrectomy. The remaining three kidneys, of
which two were stored for more than 12 hours, suf-

A SATISFACTORY technic for cadaver kidneypreservation is required to minimize functional
deterioration during the interval between the death
of the donor and revascularization of the kidney in
the recipient. The ultimate goal is immediate allo¬
graft function, obviating the need for post-transplant
dialysis, and diminishing the problems of drug
management and undetected rejection.1
We have previously indicated the value of a solu¬

tion resembling intracellular fluid, designated solu¬
tion C3,2>3 for the initial perfusion and ice storage of
canine kidneys. In the analysis presented below
this perfusate was used for the hypothermic storage
of 29 consecutive human-cadaver kidneys trans¬
planted between February, 1970, and March, 1971,
with good results for periods of preservation as long
as 12 hours.

Methods

The donors, 14 to 49 years of age, had all sus¬
tained irreversible brain damage as a result of
motor-vehicle accidents (14 cases), bullet wounds (two
cases) or post-traumatic fat embolism (one case). All
had required mechanical ventilation and had re¬
ceived mannitol during their terminal illnesses.
Decisions regarding treatment of potential donors
and the final decision to withdraw respirator sup¬
port were taken by the usual attending physician,
independently of the transplant team. After re¬

spiratory arrest, the majority of the donors received
heparin, 20,000 IU, and a small number also re¬

ceived phenoxybenzamine, 100 mg intravenously
(Table 1).
Donor nephrectomy, which was begun after circu¬

latory arrest, was always performed in an operating
room under aseptic conditions by one or more of
the surgeons in the transplant team. The kidneys
were removed individually through a transverse

From the Dialysis and Transplant Unit, Princess Alexandra Hospi¬
tal, and the Department of Surgery, University of Queensland, Bris¬
bane, Australia (address reprint requests to Mr. Clunie at the Princess
Alexandra Hospital, Ipswich Road, Woolloongabba, Brisbane, Queens¬
land 4102, Australia).
Supported in part by a grant from the Mayne Bequest Fund of the

University of Queensland and by National Health and Medical Re¬
search Council grant number 603830-75.

fered a period of postoperative acute renal failure
requiring dialysis for as long as three weeks, but all
three kidneys eventually achieved satisfactory func¬
tion. For storage periods of as long as 12 hours,
these results are comparable to those achieved
with continuous flow perfusion, and superior to
those reported for ice storage after perfusion with
conventional solutions.

epigastric incision, a cuff of aorta being taken in the
cases in which there was duplication of the arterial
system. After removal, the kidneys were immedi¬
ately immersed in iced saline slush, and perfused
with approximately 500 ml of solution C3 (Table 2)
from a height of 1 meter. This solution was made
up immediately before use and passed through a
sintered glass filter to remove any particulate mat¬
ter. The kidneys were then packed in iced saline
slush within two sterile plastic bags, which were

placed in chipped ice in a styrofoam container. The
time from cardiac arrest of the donor until the kid¬
ney was first immersed in iced saline was recorded
as the warm ischemia time. The ensuing period
until the moment of revascularization in the recipi¬
ent was recorded as the cold ischemia time.

Histocompatibility testing was performed on pe¬

ripheral lymphocytes or lymph nodes removed at
the time of nephrectomy, and preceded transplanta¬
tion in every case. When possible, recipients were
selected on the basis of histocompatibility, and the
kidneys were either used locally or transported by
commercial jet cargo service to Sydney (479 miles)
or Auckland, New Zealand (1,427 miles), to recipi¬
ents in those centers. Transplantation of the cadav¬
eric kidneys was performed by standard technics,
and postoperative function was followed by daily
measurements of urine output and serum creatinine.
A diagnosis of rejection was based on an otherwise
unexplained deterioration in renal function and on
the appearances on renal biopsy. Further evidence
of rejection was provided by a favorable response to
increased immunosuppressive therapy or the histo¬
logic findings at the time of transplant nephrec¬
tomy.

Results

The data relating to the donors, including ische¬
mia times, histocompatibilities and function of the
transplanted kidneys, are summarized in Table 1.
Seventeen cadaveric donors provided 29 kidneys, of
which 10 had duplication of the arterial system.
Both kidneys from each donor were used unless
lack of a suitable recipient, atypical vascular anato¬
my or inadequate cold perfusion rendered the organ

Reprinted from the New England Journal of Medicine
285:1049-1052 (November 4), 1971



Table 1. Data on Donors.

Kidney No. Drug* Warm Reimplan¬ Total Ischemia Day on No. of Net Histo¬ Clinical Course
Ischemia tation Time Which Postoperative compati¬

Time Time Serum Dialyses bility

Creatinine Ratio4
Reached
Levels
<2 Mg/
100 Ml

min hr min

IL P,H 25 50 3 57 5 0 0.5 Functioning
IR P,H 20 45 1 46 18 0 0.875 Functioning
2L P,H 10 50 6 37 2 0 0.5 Functioning
2R P,H 14 47 6 19 6 0 0.166 Functioning
3L P,H 7 47 4 52 2 0 0.666 Functioning
4L H 14 34 1 54 2 0 0.361 Functioning
4R H 19 20 5 30 2 0 0.166 Functioning
5L P,H 12 23 2 24 2 0 0.25 No rejection;

nephrectomy on day
28; urine leak+
infection.

5R P,H 19 49 5 39 12 0 0.666 Functioning
6L _ 14 52 7 29 8 0 0.361 Functioning
6R _ 23 45 10 27 17 0 0.5 Functioning
7L H 17 50 12 31 22 9 0.25 Recovery delayed by

rejection
7R H 16 45 12 11 66 1 0.75 Recovery delayed by

rejection
8L P,H 17 17 2 50 3 0 0.042 Functioning
9L H 16 30 9 16 Never RDT+ 0.25 Rejection; nephrectomy

on day 12.
9R H 28 80 8 41 16 2 0.25 Rejection; nephrectomy

on day 34.
10L H 17 23 3 20 3 0 0.666 Functioning
11L H 12 24 3 39 2 0 0.5 Functioning
1 1R H 18 21 5 58 2 0 0.5 Rejection; nephrectomy

on day 101.
12L P,H,I 13 30 4 13 2 0 0.166 Rejection; nephrectomy

on day 38.
13L I 18 25 2 32 12 0 0.525 Functioning
14L P,H 11 30 7 40 6 0 0.166 Gross rejection
14R P,H 15 24 8 55 12 0 0.250 Functioning
15L H,V 14 95 10 27 7 0 0.5 Functioning
15R H,V 12 24 8 34 Never RDTt 0.166 Rejection; nephrectomy

on day 10.
16L H 7 60 7 49 3 0 0.5 Functioning
16R H 11 18 4 36 1 0 0.875 Functioning
17L H 16 23 4 48 5 0 0.75 Functioning
17R H 22 30 5 17 34 0 0.75 Recovery delayed by

rejection

*H indicates heparin, I isoproterenol, P phenoxybenzamine, & V vasopressin. tRegular dialysis therapy.

unsuitable for transplantation. Most kidneys per¬
fused readily with solution C3, with rapid clearing
of the venous effluent. Kidneys from donors 10, 13
and 15 were exceptions, perfusing slowly and re¬

quiring additional volumes of perfusate to clear the
cortex of blood.
Warm and cold ischemia times averaged 15.8

minutes and five hours and 57 minutes respective¬
ly. Two kidneys were rejected acutely (9L and 15R),
and in another case (9R), rejection necessitating
early nephrectomy possibly contributed to delayed
recovery of allograft function. Of the remaining 26
kidneys, all except two, which had been stored in
excess of 12 hours (7L and 7R), achieved good im¬
mediate function, obviating the need for post-
transplant dialysis. These two kidneys underwent an
oliguric period and rejection episodes before full
functional recovery.
To determine their relative importance, the peri¬

ods of warm and cold ischemia to which each kid¬
ney had been subjected were analyzed in the light
of subsequent renal function (Table 3). From the
kidneys that functioned immediately, two subgroups
were selected: Group A, in which serum creatinine
fell below 2 mg per 100 ml within three days of
transplantation (12 cases); and Group B, in which
serum creatinine fell below 2 mg per 100 ml be¬
tween three and eight days (six cases). Kidney func¬
tion in these groups reflects best the preservation
technic and is less likely to be influenced by extra¬
neous adverse effects — e.g., allograft rejection or
ureteral obstruction, which may have affected kid¬
neys in Groups C and D. In Group R early rejec¬
tion prevented analysis of function. In Groups A
and B a graphic plot of warm ischemia against cold
ischemia strongly suggested a linear relation, and
consequently, a regression line was constructed by
the method of least squares (Fig. 1). The equation



Table 2. Procedure Followed.

Composition of Kidney Preservation Fluid C3:
1. KH..PO, 2.05 g
2. K,H P04, 3H..O 9.70 g
3. KCI " 1.12 g
4. NaHCOa 0.84 g
5. Distilled, deionized water to 1 liter.

The solution is filtered and autoclaved in sealed bottles.

Before use, the solution is cooled and the following components added:
6. Heparin, 5000 U/ml 1 ml/liter
7. Glucose, 50% (w/v) 50 ml/liter
8. Procaine, 10% 10 ml/liter
9. MgS047H20, 50% (w/v) 14.4 ml/liter

Finally, the solution is filtered through a 5-10-ju. pore-size, sintered
glass filter.

for the regression line for Group A was as follows:
cold ischemia = 16.9 X warm ischemia + 477 (S.E.
of estimate = ±72 minutes cold ischemia); that for
Group B was cold ischemia = 20.7 X warm ischemia
+ 719 (S.E. of estimate = ±92 minutes cold ische¬
mia). Combining the two, such relations suggest
that, on the average, one minute of warm ischemia
has a detrimental effect on function comparable to
18.8 minutes of cold ischemia.

Discussion

The emphasis that we have placed on obtaining
immediate function of cadaveric renal allografts has
simplified immunosuppressive drug management
and has facilitated the early detection of rejection.
In this regard, donor selection, expeditious nephrec¬
tomy and the technic of preservation are all consid¬
ered to be of importance. We have been reluctant to
accept cadaveric donors who were anuric in the
terminal period. All the donors in this series had
received mannitol, and had required respirator sup¬

port, both factors undoubtedly contributing to good
allograft function.2,5,6 When terminal hypotension
had been controlled by infusion of plasma expanders
and the administration of isoproterenol, there was
no apparent adverse effect on subsequent graft func¬
tion. The value of donor heparinization at the time
of respiratory arrest cannot be determined from this
series. It was evident, however, that in donor 6, in
whom heparinization was omitted, the recovery of
function was no slower than with other kidneys
subjected to comparable total storage times. There
are theoretical reasons why the administration of
phenoxybenzamine might be of benefit in organ

Table 3. Function of C3-Preserved Human-Cadaver Kidneys.

Functional Grade No. of Group
Cases

Serum creatinine 2.0 mg/100 ml within 3 days 12 A
Serum creatinine 2.0 mg/100 ml within 8 days 6 B

Serum creatinine 2.0 mg/100 ml without dialysis 6 C
Acute tubular necrosis requiring dialysis 3 D

Nephrectomy for acute rejection 2 R

Total 29

Figure 1. Plot of Warm Ischemia against Cold Ischemia
Times for Kidneys in Groups A and B (Table 3).

The details of the regression lines (continuous lines) and
standard errors (interrupted lines) for each group are giv¬

en in the text.

preservation, on the basis of either alpha-adrenergic
blockade7 or lysozomal membrane stabilization.8 It
has been claimed that administration of this drug to
cadaveric donors dramatically improves the function
of preserved kidneys after transplantation by pre¬

venting persistent vasospasm.9 In this series there
was no evidence of a beneficial effect resulting from
the administration of phenoxybenzamine at the time
of donor respiratory arrest. It is possible that
insufficient time had been allowed for the pharma¬
cologic effect to be achieved, or that the procaine in
the C3 solution had produced an equivalent effect
after death.7
Withdrawal of donor respiratory support is fol¬

lowed by progressive renal anoxia, culminating in
circulatory arrest and total ischemia. Some protec¬
tion during this period can be achieved by donor
cooling,10 although this procedure was not used in
this series. We kept the warm ischemic period to an

average of 15.8 minutes by ensuring that at least
one senior member of the transplant team per¬
formed the nephrectomy. Although longer warm
ischemic times may be followed ultimately by suc¬
cessful transplants,5,1113 the immediate postoperative
function has been less frequent than in our series.
Current methods for kidney preservation rely

largely upon a marked depression of metabolism
produced by cooling.14 Rapid cooling of the kidney
after nephrectomy may be achieved by immersion
in iced saline slush and perfusion through the renal
artery with a cold physiologic solution.15 We have
previously shown in animal experiments that the



composition of this perfusate has an important bear¬
ing on the quality of preservation achieved, the best
results being obtained with a solution based on in¬
tracellular fluid.2'3 This solution (C3) has therefore
been used in our human-cadaver-kidney transplant
program. It is clear, however, that since no provi¬
sion is made for continuing, although slowed, me¬

tabolism, progressive deterioration of renal function
must occur during the ischemic period. It is impor¬
tant, therefore, to define the acceptable storage-time
limits after which immediate post-transplant func¬
tion can be expected. Since reimplantation times
ranging from 17 to 95 minutes did not appear to
influence the early function of kidneys in this se¬

ries, this period of gradual rewarming has been in¬
cluded in the cold ischemia time.
In our experience, the immediate post-transplant

function of human-kidney allografts was quite pre¬
dictable in terms of the initial warm ischemia time

(cardiac arrest to ice immersion of the kidney) and
the subsequent cold storage time (including reim¬
plantation time). The implication of the plot shown
in Figure 1 is that one minute of exposure to ische¬
mia at 37°C is equivalent to 19 minutes at 0°C, a
ratio that compares with the reduction of approxi¬
mately 20 times in oxygen consumption of canine
kidneys perfused at 5 to 10°C.13 The overall ischem¬
ic insult suffered by each kidney may then be cal¬
culated as the sum of the initial warm ischemia
time together with 1/19 of the cold storage time.
When the sum of these two was less than 54 min¬
utes in our series, post-transplant dialysis was not
required. Thus, the limit for cold storage after 15
minutes of warm ischemia would be approximately
12 hours with this method of preservation. This pe¬
riod has nearly always proved to be sufficient for
the transport of a kidney to a recipient in another
center within Australia. It has frequently been pos¬
sible within this time limit to carry out lymphocyte
typing on lymph-node cells obtained at the time of
cadaver nephrectomy before choosing a recipient.
In the present series, excluding the two cases of

acute rejection, dialysis for delayed recovery of kid¬
ney function was required in only three recipients,
a frequency of 11 per cent. For storage periods of
approximately 12 hours or less these results are
comparable to those achieved with a complex contin¬
uous flow perfusion system9 and superior to those

reported for ice storage after perfusion with conven¬
tional solutions.9'12'16"18 These data therefore lend
further support to the experimental evidence that
C3 is currently the most satisfactory solution for ini¬
tial perfusion and subsequent hypothermic renal
storage.

We are indebted to our colleagues for permission to re¬
port on the function of kidneys reimplanted in other centers
in Australasia and for the provision of the lymphocyte typ¬
ing service (Australplate) by which the recipients were selected,
and to Mrs. L. Hamlyn for technical assistance in the prepara¬
tion of the C3 perfusate.
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Kidneys were removed from dogs, perfused with
cold electrolyte solution and transferred by domestic
airlines between Brisbane and Sydney in containers
surrounded by ice. The transplant team in the
respective capitals implanted the kidneys into
unrelated recipient dogs.
It was found that the minimum total ischaemic

interval for the allografts was three and a half
hours when the kidneys were prepared for removal
before the death of the donor, and four to five
hours when operation for kidney removal did not
commence until after the death of the donor. The
former kidneys worked well after reimplantation,
but the majority of the latter showed severe
ischaemic changes, and some were irreparably
damaged. The total ischaemic intervals involved
are acceptable for clinical transplantation.

Human recipients of cadaver renal allografts rarely
receive well-matched kidneys (Stewart et alii, 1970). In
order to improve matching, it is necessary for a large
number of patients to he maintained by hemodialysis,
and for the most compatible to he chosen to receive the
kidneys from each donor. In Australia and New Zealand,
most renal and transplant units maintain between 10
and 25 patients by repeated hemodialysis while they
await renal transplantation. The largest conjoined
recipient pool within a city numbers approximately 70.
If the recipient pools in different cities could be joined
and inter-city transfer of kidneys undertaken, there
would he approximately 200 potential recipients constantly
available from which to choose.

There are other advantages of long-distance transfer
of kidneys. Some patients become sensitized to human
antigens by pregnancy, blood transfusions or failed
transplant procedures, so that they carry antibodies in
their serum which react adversely with cells from the
majority of donors. Should transplantation be performed
in such circumstances, rejection of the kidney is likely
(Morris et alii, 1968). It is frequently difficult to find
suitable donors for such potential recipients; they are
maintained by repeated hemodialysis for prolonged
periods, and this limits the number of new patients

1 Read at the Third Kanematsu Conference on the Kidney
and the Australasian Society of Nephrology Combined Meeting,
Sydney Hospital, October 8 to 11, 1969.
Address for reprints: Professor A. G. R. Sheil. D^no'-tment

of Surgery, University of Sydney, Sydney, N.S.W. 2006.

who can be accepted for treatment. By collaboration
of typing centres, sera from these recipients can be
tested for reaction with donor cells throughout Australasia,
and, whenever possible, a kidney can be made available
preferentially for intercity transfer. There are also times
when, for any one of a number of reasons, one or both
kidneys from a donor in one city cannot be used there;
with continued poor supply of donor organs, it is
important that such organs be transferred to suitable
recipients in other centres.

The major disadvantage of intercity transfer of kidney
grafts is that the total intervals of ischaemia for such
organs are increased. Even without long-distance transfer,
there is an appreciable proportion of human cadaver
allografts which either do not function or do not reach
adequate function, because of ischemic damage which
occurs during the terminal hypoxic and hypotensive
stages in the donors, and in the period during transfer
to and implantation in the recipient (Murray and Barnes,
1968). For long-distance transfer to be advantageous, it
must be shown that revascularization in the recipient
can be achieved within time periods which are acceptable
for human cadaver grafts.
The experiments reported here confirm that intercity

transfer of kidneys is practical, and underline the
importance of organizational and other procedures required
to ensure good function of the transferred organs after
reimplantation.

MATERIALS AND METHODS

Adult mongrel dogs in Brisbane and Sydney were donors
and recipients. On 'eight occasions both kidneys were
removed from a donor dog in each city, and, after
transferral by air (500 miles, one and a quarter hours),
one was implanted in each of two recipient dogs. In all
cases anaesthesia was induced and maintained with
veterinary "Nembutal". Operations were performed with
sterile precautions.

Donors

Donors were given 11. of normal saline, 12-5 gm of
mannitol and 50 mg of heparin before nephrectomy. The
kidneys, immediately after removal, were placed in sterile
saline ice slush, and were perfused with cold electrolyte
solution.1 Perfusion continued until the kidneys were pale
and effluent from the renal veins was clear.

1 "Reomacrodex", 500 ml; "Tiss-u-sol", 500 ml; heparin,
50 mg; procaine, 0'5 gm; pH adjusted to 7-4 with sodium
bicarbonate.
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There were three types of donors, as follows:
1. "Living Donor". Kidneys were prepared with the

donor circulation and respiration intact. The time between
occlusion of the renal artery and immersion in the ice
slush (warm time) was 1 to 8 min.

2. "Prepared Cadaver". After the kidneys had been
prepared for removal, the donors were given suxamethonium
chloride, 100 mg, to prevent respiration, and respirator
support was withdrawn. Anoxic death occurred after 10-
20 min and was declared when heart sounds were absent.
The time from declaration of death until immersion of
the kidneys in ice slush (warm time) was 2 to 6 min.

3. "Unprepared Cadaver". Operation on the donor was
not begun until death had been caused and declared as
described above. The period of "warm" ischaemia was
13 to 30 min.

Kidney Transfer
Donor kidneys were placed inside two sterile plastic

bags containing saline ice slush, and were transported
in polypropylene containers surrounded by ice. All
operations were planned so that the kidneys could be
dispatched without delay upon the usual domestic flights,
which cover the 500 miles in one and a quarter hours.
The containers were delivered to and received from the
respective airports by team members.

Recipients
Recipient operations began 40 min before the expected

time of arrival of the allografts, and the iliac vessels were
prepared for transplantation. Immediately after arrival, the
kidneys were implanted in the right iliac fossas of
recipients with standard vascular techniques. The ureters
were anastomosed to the bladder. Before revascularization,
12-5 gm of mannitol were given. In most cases, biopsy
specimens of allografts were taken approximately half an
hour after revascularization. The majority of recipients
had bilateral nephrectomy at the time of transplantation,
but in some one kidney was left in situ. All recipients
received immunosuppressive drugs and antibiotics after the
operation.
Renal function was assessed by frequent estimations of

serum urea or creatinine levels. "Adequate function" was
recorded when the allograft functioned sufficiently well to
prevent elevation of the serum levels of urea or creatinine
after transplantation, or when after a period of impaired
function, there was subsequent progressive improvement
in the serum levels of urea or creatinine and electrolytes.
Allograft biopsies were performed intermittently in the
first three weeks after operation, and all allografts from
dogs which died were examined by microscopy.

RESULTS

The results are summarized in Table 1.

Table 1

Results of Inter-City Transfer and Implantation of Allografts from Living and
Dead Canine Donors

Apncea Proportion
before Warm Total of

Number Death Ischsemia Ischaemia Allografts
Type of of (Average (Average (Average which
Donor1 Experiments in in in Achieved

Minutes) Minutes) Hours) Adequate
Function

" Living " 4 0 4 3* 4/4
"Prepared
cadaver " .. 4 14 o 2/4

" Unprepared
2/8cadaver " .. 8 12 18 4£

1 See text.

"Living Donors"
The period of ischasmia from the time of kidney

removal until revascularization in the recipient was an

average of three and a half hours. The allografts in all
four experiments functioned adequately, improvements

in the serum levels of electrolytes occurring from the
third day in three experiments and after 1 week in the
fourth. All recipients were bilaterally nephrectomized at
the time of transplantation.

"Prepared Cadaver Donors"
With the ''prepared cadaver" preparations, in which

donors died of anoxia before kidney removal, the average
total period of ischfemia was four and a quarter hours.
Microscopy of all biopsies performed half an hour after
revascularization showed evidence of acute tubular
necrosis. Two of four allografts achieved adequate
function, one four days after operation on a dog which
had been bilaterally nephrectomized at the time of
transplant; the second functioned normally from the time
of recipient nephrectomy 10 days after the original
operation. Microscopy of biopsy specimens 5 days and
10 days after transplantation respectively in these dogs
showed recovering tubular necrosis. The other two
recipients died 14 and 15 days after transplantation;
post-mortem histological examination of the two allografts
revealed continuing tubular necrosis, with early regenera¬
tion in one and almost complete tubular death with
early fibroblastic change in the second. In both these
last experiments, the recipient had one "own" kidney
in situ until nephrectomy 10 days after the transplant
operation.

"Unprepared Cadaver Donors"
In six experiments in which the donors died of anoxia

before operation to remove the kidneys began, the
average "warm" time was 18 minutes, and the total
period of ischsemia was four and three-quarter hours.
Again, all biopsies performed half an hour after
revascularization showed tubular necrosis. Two allografts
functioned adequately, one four days after transplantation
and bilateral nephrectomy, and the other from the time
of recipient nephrectomy 10 days after transplantation.
Two other dogs died four days after nephrectomy, which
was performed 10 days after transplantation. In both
dogs histological examination showed recovering tubular
necrosis. In the two remaining experiments, both dogs
again died four days after nephrectomy, performed 10
days after transplantation, but both allografts showed
extensive tubular destruction with fibroblastic reaction.

DISCUSSION

The experiments reported reveal that, in ideal
circumstances, kidneys can be removed from cadaver
donors in one city, preserved by simple measures,
transferred by air, and revascularized in prepared
recipients within four or five hours. Such an interval
is well within the acceptable limits for human kidneys.
However, it must be recognized that in the present
experiments donor death was effected at a time pre¬
determined according to airline schedules, that such
circumstances do not apply with humans, and that in
clinical practice the total ischemic interval will be
determined by the availability of the next domestic flight
after the death of the donor and removal of the kidneys.
Air services between Melbourne and Sydney depart

almost hourly from 7 a.m. to 8 p.m. Services to and from
Brisbane are interrupted for periods which range up
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to four hours throughout the day. For Adelaide, Hobart
and Perth there are only two or three flights each day.
Between 8 p.m. and 7 a.m. there is one freight service
to each capital city. The shortest total ischaamia period
which can he effected for intercity transfer is the four
or five hours which obtained for the cadaver-donor
experiments reported. Throughout the day for Sydney and
Melbourne interchanges, this time would be exceeded by
an hour if a flight were just missed, and for other
cities and at night by up to four hours, making a
longest total ischaemic interval of 10 hours.
The range of total ischaemic intervals of four to 10

hours is reasonably satisfactory. The shorter time has
already been exceeded in Australian practice in two
cases when kidneys were transported by road. In both
recipients, function was immediate and adequate after
revascularization. It is also known that a human cadaver
kidney, cooled only by perfusion and ice, has achieved
satisfactory function after reimplantation 11 hours after
donor death, though in this case early good function
was delayed (Calne, 1969, personal communication).
Other details of preservation of human kidneys for

transplantation are only now becoming available. A human
kidney was preserved satisfactorily for a period of 17
hours (Belzer, 1968) by means of a perfusion machine,
but at present such machines are bulky and are not
suitable for transfer by air. Canine kidneys removed
from "living" donors have functioned satisfactorily after
24 hours' storage when simple procedures such as those
described here have been used (Turner et alii, 1969;
Collins et alii, 1969), but there have been few reports
of preservation of cadaver kidneys. The results recorded
underline the significance of this type of experiment.
Kidneys from "living" donors all functioned satisfactorily
after transfer, but kidneys subjected to anoxia in the
"prepared cadaver" and to anoxia and 13 to 30 minutes of
"warm" time in the "unprepared cadaver" preparations
were damaged, the latter more severely. Although five
of the eight kidneys with inadequate function were

thought to have recoverable tubular necrosis when
examined by microscopy, three were irreversibly damaged.
If allografts which have reversible tubular damage

are transferred, it must be shown that the advantages
of a better tissue match outweigh the disadvantages of an
increased incidence of delayed onset of adequate function.
With regard to the former, it is known that adequate
typing for all histocompatibility antigens in donors and
recipients cannot yet be accomplished, and there remains
doubt concerning the benefits of marginally better tissue
matches with current techniques; the importance of the
latter is dramatically shown in the University of
Sydney/Sydney Hospital/Royal Prince Alfred Hospital
results, where, irrespective of tissue-typing, 76 (72%) of
105 allografts which functioned adequately from the time
of operation still function, compared with 14 (45%) of
31 allografts with delayed onset of good function. In the
latter situation, up to three months may be required
to reveal whether the subsequent degree of recovery

of function is adequate. During this time hemodialysis
is required for maintenance, and the necessary use of
heparin in the postoperative period carries the threat of
haematoma formation or frank haemorrhage. The patients
must be treated with immunosuppressive drugs, as tubular

necrosis does not prevent rejection, and when renal
function is poor, current therapy is particularly
dangerous. Angiography and biopsy are usually employed
to establish whether poor function is due to vascular
thrombosis, to reversible tubular necrosis, to irreparable
damage or to rejection. Finally, if the allograft is
irreversibly damaged, the weakened patient must be
subjected to a further operation to remove the failed
allograft.

For these reasons, there is a heavy responsibility on
both teams in the respective cities involved in the
removal and implantation of kidneys. Clearly, until there
is sufficient clinical experience to dictate firm guide lines,
physicians should err on the side of conservatism.

Perhaps initially it would be best to limit transfers to
those from donors with fatal cerebral conditions whose
renal function is good, and whose physicians have
determined that continued supportive therapy is pointless.
In these circumstances, all arrangements for tissue
matching and transfer can be completed before withdrawal
of therapy, and the donor and recipient operations can
be planned to ensure the shortest "warm" and total
ischsemic intervals. Adequate immediate function can be
expected, and confidence in long-distance transfer will
ensue. With experience, transfer of kidneys between
distant cities and of kidneys with prolonged "cold" times
(for example, those removed at night) will establish
safe limits for transfer.
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ADDENDUM

Since the completion of these experiments, four human
kidneys removed from donors in Brisbane have been
implanted in recipients in Sydney. The "warm" times
for these kidneys were between 9 and 21 minutes, and
the total ischaemic intervals were between four and a

quarter and six and three-quarter hours. The techniques
used were identical with those described, except that the
electrolyte mixture used to perfuse the kidneys after
removal was that of Collins et alii (1969). One further
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kidney was transferred from Sydney to Melbourne. The
"warm" time was 15 minutes, and the total ischemic
interval was nine and three-quarter hours. The
perfusion fluid used was that described in this paper.

Hemodialysis was not required after operation for any
of these recipients; all kidneys had immediate adequate
function, and all continue to function well. These
transfers will be reported in full by a donor group.

Australasian Medical Publishing Company Limited
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This was the first report from an exchange programme agreed by

the major centres in Australia and New Zealand, confirming both the

feasibility of such transfer and the improved results obtained with better

HLA matching.
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In the period from March, 1970, to July, 1971, 40
kidneys from 29 cadaveric donors were exchanged
between transplant centres throughout Australia and
New Zealand. The kidneys were preserved by an
initial cold perfusion with one of four fluids before
simple ice storage and air transport to the recipient
centre. Thirty of the 40 kidneys (75%) are still
functioning at intervals of between four and 20
months after operation. The results are sufficiently
encouraging to consider expansion of the scheme.

Cadaveric renal transplantation is now well established
as a method of treatment of end-stage renal failure, and
recent results confirm the value of the procedure (Human
Kidney Transplant Registry, Ninth Report, 1971). At the
present time, there are approximately 260 patients awaiting
transplantation in Australia and New Zealand. On a

population basis, the calculated need for definitive treat¬
ment should provide for between 500 and 800 patients per

year, but less than 200 renal transplant operations have
been performed in each of the last two years (Australian
National Renal Transplantation Survey, Second Report,
1971). The main limiting factor in applying this form of
therapy more widely has been the lack of sufficient ABO-

compatible cadaver organs in any single centre. This
deficiency has been accentuated by the recent emphasis on

lymphocyte typing for HL-A antigens and the consequent
matching of donor and recipient. Recent studies suggest
that HL-A identity at the three or four antigen level leads
to a highly significant improvement in results of cadaveric
transplantation (Festenstein et alii, 1971; Sachs et alii,
1971). The donor and recipient pools in even the largest
centres in Australia and New Zealand are insufficient to

achieve such identity, if all the kidneys from an already
inadequate group of potential donors are to be used satis¬
factorily. Some form of collaboration between centres is
therefore essential. This report describes the early results
obtained with such an interchange.

METHODS

Early in 1970, the 20 Australian and New Zealand
dialysis centres, 13 of which also undertake renal trans¬
plantation, agreed to pool potential recipient information
to allow exchange of cadaveric kidneys on the basis of
tissue matching. The decision to undertake long-distance

Address for reprints: Dr G. j. A. Clunie, Department of
Surgery, Princess Alexandra Hospital, Woolloongabba, Q. 4102.

transport was left with the donor groups, since it was

considered that local conditions affecting both donors and
recipients could override the apparent advantages of better
matching in other centres. The central organization
received and circulated details of all potential recipients,
and dispensed standard tissue-typing sera detecting nine
specificities on the first locus and 13 on the second.
Potential recipient sera for direct cross-matching were

forwarded to each centre on a regular basis. Details of
this organization and its function will be reported
separately.

At the time of the original discussions, it was agreed
to restrict the exchange to kidneys from donors between
the ages of five and fifty years, who had been maintained
with respirator support terminally, and who had shown
evidence of urine production either spontaneously or in
response to mannitol in the hour before death. A decision
to undertake transport of the kidney was made after
telephone conversations between donor and recipient
groups.

Nephrectomy was performed after circulatory arrest. The
kidneys were immersed in iced saline, perfused from a height
of 1 m with one of four solutions (see footnote, Table 1) at
4° C, and placed in a double plastic bag in cold saline slush.
The bags containing the kidneys were surrounded by chipped
ice in a Styrofoam container. Donor lymph nodes and spleen
segments were also placed in the container to allow checking
of the tissue-typing in the recipient centres. The period
from cardiac arrest to cooling was recorded as the warm
ischfemic time, the period from cooling to revascularization
as the cold ischemic time, and the sum of these periods as
the total ischEemic time. A standardized ischaemic period was
calculated as the sum of the warm ischEemia in minutes and
one-nineteenth of the cold ischEemia time (Hartley et alii.
1971).
Details of the time of death, vascular anatomy and

perfusion characteristics were transmitted to the recipient
centre, and copies of this information, together with informa¬
tion on reimplantation and subsequent function, were
returned to the coordinating centre on special forms.
Reimplantation was carried out by standard techniques, and
all patients received immunosuppressive therapy with
steroids and azathioprine. Antilymphocytic globulin or
external irradiation to the graft was used in some centres.
Postoperative function was monitored by daily measurements
of urine output and serum creatinine levels. A diagnosis of
rejection was based on an otherwise unexplained deteriora¬
tion in renal function, and in some cases on the appearances
on renal biopsy, or by the clinical response to antirejection
therapy.

RESULTS

Over a 16-month period from March, 1970, to July, 1971.
29 donors provided 40 kidneys, which were transported for
distances varying from 389 miles (Hobart to Melbourne)
to 2,057 miles (Sydney to Perth). Warm ischEemia times
varied between G and 45 min, cold ischeemia times between
3 hr 4 min and 12 hr 14 min and total ischsemia times
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between 3 hr 28 min and 12 hr 31 rain. The standardized
ischsemia periods ranged between 22 and 68 min, the
majority (27 out of 40) being within the 30 to 50 min
group (Table 1). In order to compare the relative values
of the four perfusion fluids used before ice storage, the
results obtained were graded in order of subsequent
function, as determined by the rapidity of fall of recipient
serum creatinine levels and the need or otherwise for post¬
operative dialysis (see footnote, Table 1). There were no
cases of primary non-function, defined as absence of urine
production or lack of sufficient function to allow the patient
to be maintained without dialysis for one week (Festenstein
et alii, 1971). Six of the 40 cases were excluded from
analysis. In two of these cases there was evidence of
postoperative ureteric obstruction, and in one case there
was a prolonged period of secondary warm ischtemia after
reclamping of the vascular pedicle at the time of the
recipient operation. In three further cases there were early
acute rejection episodes requiring transplant nephrectomy
after initial adequate function, but before the serum
creatinine level had fallen below 20 mg/100 ml. Of the

Table 1

Ischcemic Periods and Perfusion Fluids in Relation to Postoperative Function

Standardized Grade of Function2
- TotalGroup Ischaemic Perfusate1 -

PtTime A B C D
(Minutes)

1 Under 30 C3 2 1 0 0 0 3

C3 4 3 4 0 2
o 30 to 50 T 0 0 1 1 0

It & S 3 0 0 1 2
P 0 0 4 1 1

03 0 0 1 3 0
3 Over 50 T 0 0 1 1 1 10

It & S 0 0 0 1 0
P 0 0 1 1 0

1 C3 : Solution C3, intracellular fluid composition (Collins et alii, 1971).
T: Tis-C-Sol (Travenoi), extracellular fluid composition. R & S : Rheo-
macrodex (Pharmacia) 10% in saline plus standard plasma protein solution
(Commonwealth Serum laboratories). P: Perfudex (Pharmacia) extra¬
cellular fluid composition plus low molecular weight dextran.

2 Grade A : serum creatinine level, 2 -0 mg/100 ml within three days without
dialysis. Grade B : serum creatinine level, 2*0 mg/100 ml within eight days
without dialysis. Grade C : serum creatinine level, 2 • 0 mg/100 ml without
dialysis in more than eight days. Grade D : acute tubular necrosis requiring
dialysis ; eventual recovery. Grade R : excluded from analysis.

22 cases analysed which fell into the 30 to 50 min
standardized ischaemia period, the results obtained after
perfusion with solution C3. and with Rheomacrodex and
plasma solution, appear superior to those obtained with
either Tis-U-Sol or Perfudex. These differences fall short
of statistical significance at the 5% level (x2 = 6-8, 3 d.f.,
0-05 < P < 0-10), because of the small numbers in some
of the groups. When the standardized iscluemia period
exceeded 50 minutes, no perfusate gave satisfactory
immediate results. Dialysis was necessary in two-thirds
of these cases, although all the patients in the group (9 out
of 10) who did not undergo early acute rejection eventually
achieved satisfactory renal function (serum creatinine
level, less than 1-5 mg/100 ml).
The choice of recipients for a particular donor was made

on the basis of the best available match, and the results
have been graded and compared with the number of
identities between donor and recipient, the number of
incompatibilities between donor and recipient, and the
number of potential relationships between recipient and

donor (Table 2). In no case was there complete HL-A
identity for four antigens, but three identities were
achieved in nine of the 40 cases.

At the time of review, 30 of the 40 patients (75%)
retained functioning kidneys at intervals varying from
4 to 20 months after transplantation (Table 2). Twenty-
eight of these patients have no restriction of activity, with
a serum creatinine level of less than 2-0 mg/100 ml, and
two have major restriction of activity, in one case due to
pulmonary tuberculosis, and in the other because of aseptic
necrosis of the head of the femur. Five patients (12-5%)
are dead, three as a result of infections during acute
rejection episodes early in the postoperative course, one

Table 2
Grade of Tissue-Typing Related to Clinical Result

Grade of Typing
Clinical Grade1

Potential Number
Identities Incom- Relation- 1 2 3 4 5 6

patibiiitics ships

4 0 0 0
3 0 1 7 4 0 1 0 0 o

3 1 0 o 2 0 0 0 0 0

o 0 o 4 4 0 0 0 0 0
o 1 1 15 9 0 1 0 3 o

2 2 0 3 2 0 0 0 1 0
] 1 o o o 0 0 0 0 0
1 •> 1 2 1 0 0 0 1 0
1 3 0 1 0 0 0 0 0 1
0 3 1 1 1 0 0 0 0 0

Total 40 28 0 2 0 5 5

1 Clinical grade :
1 : No restriction : serum creatinine level, less than 2-0 nig/100 ml.
2 : Minor restriction : serum creatinine level, less than 2-0 mg/100 ml.
3: Major restriction or serum creatinine level, more than 2-0 nog/

100 ml.
4 : Hospitalized or seriously ill.
5 : Transplant nephrectomy, on dialysis therapy.
6 : Dead.

from a myocardial infarct after three months, and one
from renal arterial thrombosis occurring 11 months after
the transplant. Five further patients (12-5%) lost their
kidneys after acute rejection episodes at intervals varying
from 10 to 40 days after transplantation and have returned
to regular dialysis therapy.

DISCUSSION

This series demonstrates that cadaveric kidneys can be
exchanged between all the Australian and New Zealand
transplant centres within time limits which will allow
recovery of satisfactory postoperative renal function after
simple flush perfusion and ice storage, although the
distances and flight times involved are frequently con¬

siderably greater than those required in the similar
systems operating on the continent of Europe (Van Rood
et alii, 1971), in Scandinavia (Kissmeyer-Nielsen et alii,
1971) and in the United Kingdom (Festenstein et alii,
1971). The complete absence of primary non-function with
periods of total ischemia varying from from 3 hr 28 min
to 12 hr 31 min is in sharp contrast to the findings in
recent series (Carroll et alii, 1969; Pletka et alii. 1969;
Sells and Pena. 1970), and supports the belief that long
periods of preservation for transplantation should be under¬
taken only after careful assessment of the donor and the
immediate antemortem course. All the donors in this
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series had received terminal respiratory support, and the
majority had also received mannitol shortly before
death— both factors which contribute to good function
after reimplantation (Najarian et alii, 1966; Festenstein
et alii, 1971).
It has been shown previously that a linear relationship

exists between the periods of warm and cold ischaemla to
which cadaver kidneys have been subjected, and that renal
function subsequent to reimplantation is quite predictable
on this basis (Hartley et alii, 1971). A standardized
ischasmia time can be calculated by adding the warm

ischaemia in minutes to one-nineteenth of the cold

ischaemia time in minutes, and a comparison can then be
made between the functional results of transplanted
kidneys with widely differing periods of warm and cold
ischmmia. The results obtained in this series of human

cadaver transplants support the experimental evidence
(Collins et alii, 1971) that the most satisfactory of the
four perfusing solutions tested was solution C3, based on
the composition of intracellular rather than extracellular
fluid, although equally good results were obtained in some

cases with low molecular weight dextran in saline,
followed by plasma protein solution. The inconsistency
of results with this second perfusate has also been
observed in the experimental studies, although the reason

for the variation is not clear. It is apparent that, with
the current simple method of cold perfusion and sub¬
sequent ice storage, there is a progressive deterioration
in renal viability during the ischsemic period, and
immediate satisfactory function can be expected only if
the standardized ischsemia time is kept below 50 min.
This represents a warm ischsemia time of 15 min followed
by approximately 11 hr of cold ischsemia. A postoperative
period of oliguria is frequently associated with an

increased morbidity and mortality (Sheil et alii, 1971),
but in this series there were no deaths in the group of
10 patients with standardized ischaemia times of longer
than 50 min, all of whom demonstrated only moderate
initial function. Nine of these patients eventually achieved
satisfactory renal function. The exception required
nephrectomy for rejection. However, it should be empha¬
sized that the benefits of simple preservation of this type
provide no excuse for unnecessary delay in reimplantation.
The earlier circulation is restored to the preserved kidney,
the better the early functional results will be.

The ideal of 4 HL-A antigen identity between donor and
recipient was not achieved in this series, but it should
be noted that only one-fifth of the approximately 260
patients currently awaiting transplantation in Australasia
have four detected antigens. The possibilities of such a

full match are correspondingly limited. We believe that
the over-all kidney survival rate of 75% offers sufficient

encouragement to continue the interchange on the basis
of tissue-matching, although the numbers are admittedly
small and the follow-up period for many of the patients
is short. With the presently available methods of preser¬

vation, the geographic isolation of Australia and New
Zealand will limit any further collaboration in this area

to South-East Asia and perhaps Hawaii. Any wider inter¬
change with the United States, Africa or Europe must
await definite proof of the value of tissue-matching in the
cadaveric situation, and the development of a reliable
portable perfusion system for renal preservation.
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Summary

Previous experiments have demonstrated that
canine kidneys can be preserved for 24 hours or more
following initial perfusion with a solution of intra¬
cellular composition (C3) and subsequent ice storage.
In the present study the composition of C3 was
varied to determine the role of each of the major
constituents. The efficacy of the solution was found
to depend more on magnesium sulphate than on the
potassium content, although potassium assumed a
greater importance in perfusates free of magnesium.
No variation in composition produced a significant
improvement in the results obtained with solution
C3 itself.

Initial cold perfusion followed by ice storage is, by
virtue of simplicity, the method preferred in most
transplant centres for the storage of human cadaveric
kidneys. Although the success of this technique may
be ascribed largely to profound depression of meta¬
bolism upon cooling (Levy, 1959), it is clear that
perfusate composition is also of considerable impor¬
tance. One such perfusate, solution C3, formulated
to resemble intracellular fluid, would appear to be the
best so far developed for both canine and human
kidney preservation (Collins, Hartley, and Clunie,
1971a, b; Woods, Holley, and Pheteplace, 1971).
The present study was undertaken to define more
precisely the role of each of the major constituents of
this perfusate.

MATERIALS AND METHODS

The experimental protocol has been described
previously (Collins, Shugarman, and Terasaki,
1969). Canine kidneys were stored in iced saline
slush after an initial perfusion from a height of
100 cm. with 150 ml. of the cold solution under test,
and were reimplanted in the donor 24 hours later,
contralateral nephrectomy being carried out at that
time. Saline and mannitol diuresis were induced
during all operative procedures, and the function of
the stored kidneys was assessed by daily measure¬
ments of serum creatinine. In the present study
serial modifications of solution C3 were tested,
varying the composition with respect to sodium,
potassium, magnesium, and glucose (Table I). The
pH ranged from 7-05 to 7-15 at 37°C. and the
osmolarity from 300 to 330 mosmol per 1. In addition
to the electrolytes, all the perfusates contained pro¬
caine hydrochloride, 0-94 g. per 1., glucose,* 23-5 g.
per 1., and heparin, 5000 U. per 1. Statistical analysis
of the results was performed using Student's t-test.

* In solution C3 (sucrose) glucose was replaced iso-
osmotically with sucrose (Table I).

RESULTS

A total of 64 canine kidney preservation experiments
was performed, comparing 9 variations of perfusate
composition (Table I). The maximum serum

Table I.—Composition of Perfusates

Electrolyte Content (mmol. per 1.)

Na i< Mg so4 po4 ci HCO3

C3 9 107 28 28 54 14 9
C3 (sucrose) 9 107 28 28 54 14 9
C3 (sodium) 116 — 28 28 54 14 9
C3 (extra magnesium) 3 50 86 86 17 5 3
C3 (no magnesium) 9 107 — — 54 14 9
Sodium phosphate 128 — — — 73
Sodium phosphate + 128 — 28 28 73 — —

magnesium
Sodium/potassium phos¬ 64 64 28 28 73 — —

phate + magnesium
Potassium phosphate+ — 128 28 28 73 — —

magnesium

creatinine levels reached within the first week after
reimplantation of the stored kidneys are recorded in
Tables II and III.
In the first group the composition of C3 was modi¬

fied by either substitution of sucrose for glucose or
alteration in themagnesium content. Serum creatinine
levels (Table II) rose on average to 2-4+0-7 mg. per
cent with C3 as the perfusate, and to 2-7+ 1-2 mg. per
cent when sucrose was substituted for glucose, a
difference which was not significant (P> 0-05).
Alteration of the magnesium content, however, had
a more noticeable effect. When the perfusate con¬
tained an increased amount of magnesium sulphate
(90 mmol. per 1.), with a corresponding reduction in
the concentration of the other electrolytes, the
average serum creatinine level for the group rose to
only 2-2+0-7 mg. Per cent, a value which was
significantly lower (P<o-os) than the mean for the
group in which the perfusate was C3 without mag¬
nesium, where the maximum serum creatinine was

3-9+2-8 mg. per cent. With sodium phosphate
solution (Table III) the maximum creatinine was
7-7+ 5-0 mg. per cent, but the addition ofmagnesium
sulphate (30 mmol. per 1.) produced a significant
reduction (P<o-05) to 2-7+0-9 mg. per cent.
The second series of experiments (Table III) was

intended to define the importance of the sodium to
potassium ratio in the perfusate by substitution of
sodium for the potassium in C3, and by utilization
of a simplified perfusate containing, in addition to
magnesium sulphate, either sodium phosphate,
potassium phosphate, or a mixture of the two in
equal amounts. In the presence of magnesium
sulphate (30 mmol. per 1.) alterations in the ratio of
sodium to potassium had little effect on the extent
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of the rise in serum creatinine. The lowest maximum
serum creatinine levels were achieved when the
perfusate contained both sodium and potassium, as
with the C3 solution or the sodium/potassium/
phosphate mixture. In these groups the average

Recently, however, we have shown experimentally
and in man that a perfusate resembling intracellular
fluid, solution C3—4, yields better results (Collins,
Shugarman, Terasaki, Braf, Sheil, and Williams,
1970; Collins and others, 1971a, b), and this finding

Table II.—Kidney Function after Initial Perfusion
and Ice Storage for 24 Hours

Table III.—Kidney Function after Initial Perfusion
and Ice Storage for 24 Hours

Perfusate

Maximum Serum Creatinine
(mg. per cent) Death

from Perfusate
Uraemia

Maximum Serum Creatinine
(mg. per cent)

Death
from

Uraemia
Individual Mean S.D. Individual Mean S.D.

C3 i'5» 2-i, 3-8, 2-5, 2-2, 2-4 o*7 0/9 C3 (sodium) 2-5, 3-0, 3-2, i*7j 3'0, 2-7 0-5 0/6
3-3, i-8, 1-2, 2-8 2-5

C3 (sucrose 1-5, 4-8, i-6, 4-1, 2-7, 2-7 1-2 0/8 Sodium 6-6, 7-8,* i6-o,t 4*6, 3'4 7.7 5-0 i/5
substitution) 21, 2'7, 2-3 phosphate

0/7C3 (no 3-5, V2, 9-4,* I'9, 3-6,t 39 2-8 1/6 Sodium 3'4, I'3» 3*i»t 4-o, i-8, 2-7 0-9
magnesium) i'9t phosphate + 2-9, 2-5
C3 (extra 1-6, 2-0, 3-3, 2-3, 1-5, 2-2 0*7 0/12 magnesium

0/5magnesium) 1-6, 2-7, 1*5, 2-J, 2-1, Sodium/ 33,2-3, 1-5,2-9, 2-2 2-4 0-7
3-2, 1-8 potassium

phosphate +
magnesium

2-8, 3-3, 3'3, 2-1, 3-6, 0/6Potassium 3'0 0-5

t Died from peritonitis.
phosphate
+magnesium

2-8

t Died from wound dehiscence.
II Died from pneumonia.

maximum creatinine levels recorded were 2-4 ±0-7 mg.
per cent in each case. Individually, sodium phos¬
phate or potassium phosphate together with mag¬
nesium sulphate resulted in slightly higher maximum
creatinine levels of 2-7±0-9 mg. per cent and
3'0±0'5 mg. per cent respectively. These differences,
however, were not significant (P>o-05). In the
absence of magnesium sulphate, on the other hand,
a potassium-containing solution appeared to be
superior to a purely sodium-containing one. Thus,
the average maximum serum creatinine level recorded
for the group perfused with sodium phosphate alone
was 7'7±5'° mg. per cent compared with 3-9 ±2-8 mg.
per cent for the group in which C3 without mag¬
nesium served as the perfusate. Owing to rather
large standard deviations within these groups this
difference just failed to reach statistical significance
(P>005).

DISCUSSION

Undoubtedly the most important single factor
contributing to the success of hypothermic kidney
storage is the marked reduction in metabolism pro¬
duced by cooling (Levy, 1959). The efficacy of the
method is thus proportional to the reduction in
temperature achieved (Stueber, Kovacs, Koletsky,
and Persky, 1958). In order to achieve rapid cooling
(Markland and Parsons, 1963) it is the normal
practice to perfuse the kidney soon after removal
with a volume of cold electrolyte solution. This pro¬
cedure has the added theoretical advantages of the
elimination of some antigen in the form of retained
blood and providing a basis for assessment of organ
viability in terms of the uniformity and quality of
perfusion (Belzer and Kountz, 1970). The composi¬
tion of the perfusate used has usually been based on
extracellular fluid, in which the principal cation is
sodium, and has frequently contained in addition
some colloid in the form of either protein or dextran
(Cleveland, Lee, Prout, and Hume, 1964; Dempster,
Kountz, and Jovanovic, 1964; Sells and Pena, 1970).

* Died from wound dehiscence.

t Died from uraemia.
£ Died from ureteric obstruction.

has been amply confirmed by others (Collste,
Bjorken, Collste, and Groth, 1970; Liu, Humphries,
Stoddard, and Moretz, 1970; Woods and others,
1971). We are unable to explain the failure of certain
groups to repeat our experimental results (Kulatilake,
O'Donoghue, and Shackman, 1970; Smellie, Marshall,
and Hadjiyannakis, 1970), but believe that the
proved efficacy of the C3 perfusate when applied to
the preservation of human cadaveric kidneys (Collins
and others, 1971b) goes some way towards answering
the criticism raised by Frost, Ackerman, Finch, and
Manlove (1970) that the method would be ineffective
after a period of warm ischaemia.
The initial choice of the composition of solution C3,

which is rich in potassium and magnesium, as a
perfusate for hypothermic kidney storage was based
on a number of considerations. A substantial pro¬
portion of cellular energy production is utilized by
the membrane ionic active-transport mechanisms
(Whittam and Ager, 1964). The level of cellular
respiration is directly related to the concentration of
sodium in the environment (Burck and Petruch,
1966). It would therefore seem logical to endeavour
to suppress energy requirements during hypothermic
storage by a reduction in the concentration of sodium
in the extracellular fluid, using a perfusate rich in
potassium and poor in sodium. This type of per¬
fusate would have the added advantage of preventing
the loss of intracellular potassium and gain of sodium
which are known to occur when active-transport
mechanisms are suppressed by cold (Whittam and
Davies, 1953; Keeler, Swinney, Taylor, and Uldall,
1966). Similar ionic shifts are known to occur in
hibernating animals (Haggag, Raheem, and Khahl,
1965), but are limited by the unusual efficiency of the
cell-membrane ionic pumps in these animals at low
temperatures (Willis, 1966). A further interesting
observation made during hibernation is that the
plasma-magnesium levels are increased (Haggag



COLLINS ET AL.: KIDNEY PRESERVATION

and others, 1965; Pengelley and Chaffee, 1966), and
this would tend to support the inclusion ofmagnesium
in a perfusate for hypothermic storage.
In the present study the importance of each of the

components of solution C3 was tested by serial
modifications of its composition. Substitution of
sucrose for glucose in iso-osmolar proportions
produced no significant deterioration in the results
(Table II), implying that exogenous glucose does not
provide a useful substrate during hypothermic
kidney storage. Alteration of the electrolyte content,
on the other hand, seemed to influence the results to
a greater extent. Magnesium sulphate was the com¬
ponent of greatest importance. Its inclusion in the
C3 perfusate in concentrations above 10 mmol. per 1.
(Collste and others, 1970) results in consistently
good 24-hour kidney preservation. The optimum
level would appear to lie in the range of 30-90 mmol.
per 1. The beneficial effects of magnesium in organ
preservation have been described previously
(Kamiyama, Webb, and Ecker, 1970), and have been
attributed to metabolic inhibition and the ability of
magnesium to prevent loss of intracellular potassium.
This effect may explain why in the present study the
rise in serum creatinine following the use of a per¬
fusate containing magnesium sulphate was low,
regardless of the sodium to potassium ratio. When
the perfusate contained no magnesium, however,
there was a suggestion that the potassium content
assumed a greater importance, the maximum
creatinine levels in the group perfused with C3 with¬
out magnesium being lower than those in the group
perfused with sodium phosphate alone. This dif¬
ference failed to reach statistical significance because

probably be unrewarding. From the present series
of experiments it would appear to be difficult to
improve on solution C3, the effect of which seems
to be based largely on the magnesium and to a lesser
extent the potassium content. However, an increase
in the magnesium and a reduction in the potassium
concentrations deserve further examination in a more

sensitive model. We are currently investigating in
vitro preservation methods which may provide a
better tool for initial assessment of the value of
individual constituents of perfusates for hypothermic
kidney preservation.
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A number of investigations based on assess¬
ment of whole-organ function have demon¬
strated the importance of perfusate ionic compo¬
sition for sucessful hypothermic preservation (2,
5, 6). However, the optimal composition has
been difficult to define precisely owing to the
many uncontrolled variables inherent in a trans¬
plantation model (7). Although the return of
integrated organ function must constitute the
ultimate criterion of success, an in vitro preser¬
vation model has certain advantages. It avoids
the difficulties associated with transplantation,
and enables a variety of perfusates to be tested
simultaneously on tissue from a single organ,
thus permitting the use of organs from small
animals without the need for microsurgical tech¬
niques.
In the present study an in vitro preservation

model was developed, based on renal cortical
oxygen consumption, and was used to analyse
the importance of the relative concentrations of
sodium and potassium in solutions under condi¬
tions of simulated aerobic and anaerobic hypo¬
thermic kidney storage.

METHODS

Renal tissue was obtained by expeditious ne¬

phrectomy on adult New Zealand white rabbits
anesthetised with methoxyfluorane. After re¬

moval, the kidneys were immediately chilled by
immersion in iced saline and thin cortical slices
(mean thickness 0.29 SD 0.07 mm) were cut
with a Stadie Riggs microtome. The slices were

blotted, weighed, and approximately 150 mg in¬
troduced into Warburg flasks containing 3 ml of
incubation medium. The latter consisted of ei¬
ther a control solution (potassium 5 meq/liter,
sodium 145 meq/liter) which was intended to

Received June 19, 1972.
1 This work was supported by grants from the

National Health and Medical Research Council
and the Mayne Bequest Fund of the University of
Queensland.

simulate the ionic composition of extracellular
fluid, or a test solution having the sodium/potas¬
sium composition shown in Table 1. All of these
solutions contained magnesium sulfate 3 mm,
phosphate buffer 8 mM, (pH 7.4), and acetate
10 mM as substrate (9). The osmolarity was

adjusted to 300 mOsm/kg water using 20% man-
nitol. The composition of solution C3 has been
described previously (6).
Cortical slices were stored with gentle orbital

agitation for 24 or 48 hr at 0°C surrounded by
chipped ice, the Warburg flasks being supplied
with a low flow of either oxygen or nitrogen
during this period to provide aerobic or anaero¬
bic conditions. After the storage period, the test
solutions were carefully aspirated from the flasks
and replaced by 3 ml of the control solution.
Oxygen consumption was then measured at
25°C, and comparison of this measurement with
the initial oxygen consumption of fresh cortical
tissue served as the index of viability after ice
storage.
Manometric measurements of oxygen con¬

sumption were carried out in duplicate using the
conventional Warburg apparatus (17). The cen¬
ter well of each flask contained 0.2 ml of 10%
potassium hydroxide and the gas space was filled
with oxygen. The shaking rate was 100 cycles
per minute, and 10 min was allowed for equili¬
bration before the taps were closed and the oxy¬
gen consumption recorded over a 30-min period.
The results were expressed as QOz (microliters
of oxygen/mg initial wet wt/hr) or, for purposes
of analysis, as a ratio of this value to that of
fresh unstored tissue. The significance of the dif¬
ferences in the experimental results were tested
by analysis of variance and the Student t test.

RESULTS

The influence of variation in the cation con¬

tent of the incubation medium on the QCb of
fresh unstored rabbit renal cortical tissue is
shown in Table 2, where each point represents

Copyright © 1972 by Academic Press, Inc.
All rights of reproduction in any form reserved.
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the mean of three experiments, and the composi¬
tion of the test solutions is as set out in Table 1.
There was a highly significant (P < 0.0001)
progressive increase in QO» with increasing so¬
dium content (Columns 1-3). On the average
the Q02 increased from 0.92 SD 0.18 (Column 1,
sodium 10-17 meq/liter) to 1.24 SD 0.14 (Col¬
umn 3, sodium 100 meq/liter). Still higher levels
(1.41 SD 0.18) resulted when the fresh slices
were incubated in the control solution (sodium
145 meq/liter). On the other hand, variation of
potassium content between 5 and 50 meq/liter
and interaction between sodium and potassium
content appeared to be unimportant (P > 0.05).
When the oxygen consumption of fresh tissue

in the control solutions was compared with that
of tissue which had been stored at 0°C and re¬

turned to the control solution, there was again
no significant effect produced by variation in
potassium content or interaction between so¬
dium and potassium (P > 0.05). The effect of
increasing sodium concentration during ice stor¬
age, however, was to reduce the Q02 relative to
that of fresh tissue (P < 0.001) both for aerobic
(Table 3) and anaerobic incubation (Table 4).
Each point in these tables represents the mean

TABLE 1

Cation Composition op Test Solutions

1 2 3

Na
K

17

7
50
5

100

5
X

Na
K

10

20

50
20

100
20

Y

Na
K

10
50

50

50

100

50
Z

TABLE 2

Variation of Q02 of Fresh Renal Cortex
Incubated in Solution of Varying

Cation Composition

Solution
SD

X
Y

Z

0.17
0.12

0.12

TABLE 3

Final Q02/Initial Q02 (%) of Renal Cortex
After 24-Hr Aerobic Ice Storage

Solution

1 2 3

Mean
(%)

SD
(%)

Mean
(%)

SD
(%)

Mean
(%)

SD
(%)

X 108 16 114 32 81 18
Y 105 16 95 13 88 15

Z 105 24 96 24 86 20

TABLE 4

Final Q02/Initial Q02 (%) of Renal Cortex
After 24-Hr Anaerobic Ice Storage

Solution

1 2 3

Mean
(%)

SD
(%)

Mean
(%)

SD
(%)

Mean
(%)

SD
(%)

X 85 11 70 6
Y 88 5 - 59 10

Z 80 10 66 18

of three or more experiments, and the symbols
denoting the content of the test solutions are
shown in Table 1. This progressive reduction of
Q02 with increasing sodium concentration was
the reverse of that described above for fresh
tissue. Aerobic and anaerobic storage in similar
test solutions can be compared in Tables 3 and 4
in which it is seen that the latter resulted in

appreciably lower levels of Q02 relative to fresh
tissue both at low (Column 1) and high (Col¬
umn 3) sodium concentrations. In each case the
difference in the means was significant (P <
0.001).
Finally, because a good deal of information is

now available concerning the results of ice stor¬
age of animal and human kidneys in solution C3,
a specific comparison was made between this
and the control solution for storage under anaer¬
obic conditions. It was evident that C3 resulted
in significantly better (P < 0.01) maintenance
of Q02 by comparison with fresh tissue than did
the control solution. Thus, for 24- and 48-hr
storage the results for C3 were 91% (SD 11)
and 97% (SD 13), respectively, whereas the
comparable results for the control solutions were
62% (SD 7) and 52% (SD 11), respectively.

Mean

1.03

0.79
0.96

SD

0.17

0.18

0.21

Mean

1.13

1.05

1.17

SD

0.25

0.28
0.14

Mean

1.21

1.31

1.21



298 REICHMANN ET AL

DISCUSSION

The present experimental design was intended
to simulate in vitro the standard in vivo preser¬
vation protocol. In the latter, the intact kidney
is perfused, stored in the cold under aerobic or
anaerobic conditions, and subsequently reim-
planted for functional assessment (6). The
major advantages of the in vitro model are the
avoidance of technical problems of transplanta¬
tion (7), and the opportunity to perform multi¬
ple tests simultaneously.
As an index of cell viability, renal cortical

oxygen consumption is simple to measure, corre¬
lates well with ischemic injury (1, 16), and has
been studied previously as the basis for an in
vitro kidney preservation model (12). Although
refinement of the method is possible by record¬
ing the response to the addition of ADP with an

oxygen electrode (3), the test in its simpler form
does provide adequate differentiation between
fresh and ischemically injured tissue (10). In
these experiments, the value of each test solution
was determined by a comparison of the initial
and the poststorage Q02, both measured in the
control solution. The latter was chosen to resem¬

ble extracellular fluid, but contained acetate as a
substrate and additional magnesium so as to
produce optimal ATPase activity and oxygen
consumption (9, 15). This was measured at 25°C
rather than body temperature, since oxygen con¬
sumption has been shown to be better main¬
tained during the period of observation at the
lower temperature (9).
A variety of solutions were tested for their

efficacy in maintaining the viability of rabbit
renal cortical slices after 24- to 48-hr ice storage.
Attention was focused on variation of sodium
and potassium content in view of the recent
demonstration of the importance of the appro¬
priate cation content in solutions for organ
preservation (6, 7). Incubation of the kidney
slices in the various media was intended to simu¬
late exposure of the whole kidney to a perfusate.
In fact, of the media tested in this study, only
C3 and perfusates resembling the control solu¬
tion have actually been used in the preservation
of human and animal kidneys with documented
results (6, 11, 13).
The dependence of the QCh of kidney tissue

on the concentration of sodium in the medium
has been described previously (4, 20). This is

presumably related to stimulation of the mem¬
brane ATPase by increasing sodium content (15,
18). However, our results failed to confirm a

reported depression of ATPase activity and oxy¬
gen consumption by high concentrations of po¬
tassium (14, 18). It would seem that variation
in sodium concentration exerted the dominant
effect.
The influence of the increasing sodium concen¬

tration in the incubation medium during hypo¬
thermic storage was, interestingly enough, the
reverse of that experienced with fresh tissue. An
explanation for this effect may he in the intra¬
cellular ionic disturbances which are known to

result from exposure of tissues to hypothermic
or ischemic conditions (19, 21). For ice storage,
high sodium solutions which result in high levels
of oxygen consumption would be expected to
impose considerable demands on cellular energy
reserves and result in the greatest ionic disturb¬
ances. In fact it has recently been shown that
the residual level of ATP after kidney storage is
a good measure of the efficacy of the storage
method (8). In this respect C3 has been found
to be superior to an extracellular type of perfu¬
sate, and this was confirmed in this study using
oxygen consumption. Hypoxia might be ex¬

pected to aggravate the effects of hypothermia
and did, in fact, result in a significantly lower
ratio of poststorage to initial QO«. However,
even with oxygenated storage the low sodium
concentration appeared to be advantageous, sug¬
gesting that reduction of sodium content in per¬
fusates for oxygenated whole organ perfusion
might be beneficial.
The results of this study of kidney preserva¬

tion based on measurement of cortical oxygen

consumption would appear to fit accepted con¬
cepts of cell physiology, and to confirm the
well-established superiority of C3 over typical
extracellular types of perfusates. It would,
therefore, seem likely that the method could be
extended profitably to the analysis of compo¬
nents other than sodium and potassium in solu¬
tions intended for perfusion of kidneys.

SUMMARY

An in vitro kidney preservation model, based
on the measurement of cortical slice oxygen con¬

sumption, was used to analyse the influence of
the cationic composition of perfusates on hypo-
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thermic kidney storage. It was found that, while
changes in the potassium concentration of stor¬
age solutions had little influence on subsequent
cortical slice respiration, increasing sodium con¬
centration produced progressive depression of
this respiration. It was concluded that flush per¬
fusates for kidney storage should contain only a
low concentration of sodium ions.
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A new and greatly simplified continuous perfusion
system has been developed for kidney preservation.
The apparatus consists basically of a pneumatically
driven combined pump and oxygenator, together
with an organ chamber and perfusate reservoir, all
immersed in chipped ice. Much of the complexity
of conventional systems required for pH, tempera¬
ture and pulse pressure control has been eliminated.
Preliminary results in experimental animals

suggest that this perfusion circuit, because of its
simplicity and reliability, may find wide application
for cadaveric kidney storage and transportation.

air flow and the rate of diastolic pressure decay after each
pulse. Pulse rate and systolic duration were controlled at
22 ppm and 0-35 sec respectively by an electrical timing
circuit actuating a solenoid valve (Cardiovascular Specialties
type P.P.I). Systolic pressure was again set at 60 mm Hg
at the kidney, using a constant pressure valve (Norgren
type 11-918-999) fed from the reduction valve of a com¬

pressed air cylinder. Air flows of the order of 500 ml/min
were required, and produced gas exchange with the per¬
fusate as well as driving the pump.
Other components of the complete perfusion system are

shown in Figure 1, and include an organ chamber, perfusate
reservoir and non-return valves in the inlet and outlet
lines from the pump. Connections between components were
made with Silastic tubing. The organ chamber and reservoir
were of polypropylene, and the non-return valves were of

The time limitations inherent in simple hypothermic
kidney storage (Hartley et alii, 1971; Clunie et alii, 1972)
have provided a stimulus to the development of continuous
perfusion systems. Although excellent preservation for
long periods has become possible (Belzer et alii, 1967;
Belzer and Kountz, 1970; Woods, 1971), the complexity,
bulk and expense of the apparatus have tended to limit
its clinical application to only a few centres. The present
report describes the development of a new and greatly
simplified kidney preservation system, which it is hoped
could form the basis of an inexpensive technique for
preserving cadaveric kidneys both for local hospital storage
and for air transport to other units.

METHODS

Perfusion studies were initiated using a piston-driven
pulsatile pump (Harvard model 1405). Later a less traumatic
pump was developed by modification of a conventional
roller type (Watson-Marlow MHRE). With this system,
pulsatile flow was produced during one-third of each cycle
by removing two of the three rollers, and by inclusion of
non-return valves in the inlet and outlet lines. Owing to
a characteristic fall in vascular resistance when this pump
was used, the pulse rate had to be progressively increased
during the first hours of perfusion in order to maintain a
constant systolic pressure of 60 mm Hg. Finally, in order
to obviate the need for continued adjustment, a constant
pressure pneumatically-driven pump was substituted. The
latter was produced by pulsing the air flow to a membrane
oxygenator enclosed in a metal jacket (Travenol 5M-03-21).
Constriction of the air outlet line served to control the total

* Work done with the aid of grants from the National Health
and Medical Research Council, the Australian Kidney Founda¬
tion, and the Mayne Bequest Fund of the University of
Queensland.

Address for reprints: Dr G. J. A. Clunie, Department of
Surgery, Princess Alexandra Hospital, Ipswich Road, Brisbane,
Q. 4102.

Figure 1 : Schematic diagram of pneumatically driven kidney
perfusion circuit.

acrylic with stainless steel balls. Connection with the
renal artery was made through a Teflon (PTFE) cannula
tip, while the venous effluent was allowed to drain freely
into the reservoir through an open outlet situated at the
most dependent part of the organ chamber.
In experiments 1 to 9, perfusion temperature was con¬

trolled at 6° to 8° C with a cold-room (Table 1). In later
experiments (10 to 18), perfusion was conducted at 1° to
3° C by immersion of the reservoir and oxygenator in
chipped ice with appropriate thermal lagging. The initial
perfusate was conventional Belzer plasma (Belzer et alii,
1967), which was later modified by subjecting the plasma
to a cycle of thawing, 48 hours' ice storage, filtration and
refreezing, in order to eliminate a further cold precipitate
which became apparent with storage at 0° C. Control of
pH was accomplished in the initial experiments by delivery
of a regulated mixture of air and carbogen (5% carbon
dioxide in air) to the oxygenator with frequent sampling
and adjustment. Subsequently the need for a supply of
carbon dioxide was eliminated by substitution of a phosphate
for the plasma bicarbonate buffer system. This was accom¬

plished by titration during perfusion with 0-5 m phosphoric
acid. Finally, a synthetic perfusate containing a phosphate
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buffer and human serum albumin for provision of colloid
osmotic pressure was tested. Its composition was as follows:

Saline (0-9%) 500 ml
Glucose (5%) 100 ml
Sucrose (10-3%) 100 ml
Dipotassium hydrogen phosphate (200

molar) 75 ml
Magnesium sulphate solution (50%) .. 2 ml
Human serum albumin (25%) .. .. 200 ml
Hydrocortisone 100 mg
Insulin 80 units
Potassium hydroxide (IN) to pH 7-5 or 7-6

The majority of preservation experiments were carried
out in pairs, the same perfusate being used without inter¬
vening filtration for consecutive 24-hour periods on kidneys
from two dogs. This step was effected originally for reasons

Table 1

Twenty-four Hour Kidney Perfusion
Table 1a

Temperature 6° to 8° C

Maximum Serum Creatinine
Experiment Level (mg/100 mi)
Number — —■—-——

A B

Roller Pump

1
2
3
4
5
6
7

2-4
6-9
VT<a>
VT
41
3-2
2-8

1-7
10
20
1-7

Phosphate Buffer

8 1-8VT 1-8

Pneumatic Pump

9 4-8 2-1

Table 1b

Temperature 1° to 3° C

Experiment
Number

Maximum Serum Creatinine
Level (mg/100 ml)

A B

10
11
12
13
14

11
(C)

2-8VT(a»
1 • 9VT
4-2VT

(bi

21
1-2
1-6
1-5

Albumin Perfusate

15
16
17
18

6-OVT
2-3VT
3-7
4-3

1-6

2-3
1-2

ta> VT, vascular thrombosis.
(bl Death from leaking ureterocystostomy.
(c) Death from Babesia canis infestation.

of economy, but fortuitously provided unexpected informa¬
tion, as will be discussed later. Nephrectomy and reimplan¬
tation were carried out under diuretic conditions, as described
previously (Collins et alii, 1969). After removal, the kidneys
were perfused with a small volume of buffered cold
Hartmann's solution and rapidly placed on the perfusion
circuit. Thereafter temperature was maintained at 6° to 8° C
or 1° to 3° C, and pH between 7-2 and 7-7 (measured at
37° C). Pulse rate or pressure was set as described previously
to maintain a renal systolic perfusion pressure at 60 mm Hg.
After 24 hours of perfusion, kidneys were reimplanted in

the pelvis using standard techniques, with immediate contra¬
lateral nephrectomy. Renal function was followed for six
days by measurement of the serum creatinine level.

RESULTS

The first series of perfusion experiments utilizing the
piston pump were all unsuccessful, owing to a rapid rise
in vascular resistance. It was discovered that interposition
of a l-2/i millipore filter between pump and kidney
temporarily prevented this vascular obstruction until the
filter itself became blocked. This phenomenon was the
result of the formation of protein casts within the piston
chamber of the pump, and was eliminated by substitution
of a roller pump. A further potential source of micro¬
vascular obstruction was encountered in the form of

precipitation within conventionally prepared Belzer plasma
when this was stored in ice. Turbidity was clearly evident
within a few hours at 0° C, and increased to a maximum
by 24 to 48 hours. It was also faintly evident at 7° C at
these times. However, once formed, this precipitate could
be removed by filtration, and did not recur with further
ice storage (Figure 2).

Figure 2 : Influence of storage and filtration temperature
on subsequent precipitation within Belzer plasma stored
for 24 hr at the temperature shown. The specimen on
the right, which is free of turbidity, was prepared by ice
storage for 48 hr and filtration in the cold. The precipitate
did not reappear with further exposure to a temperature

of 0°C.

Once these protein denaturation and precipitation prob¬
lems had been eliminated, it was noted that vascular
resistance tended to fall regularly during the initial hours
of perfusion with both the first and the second kidney
placed on the circuit. Plasma flow rate increased by about
one-third, requiring constant adjustment of the roller
pump, but this was accomplished automatically by the use
of the self-adjusting pneumatic pump. Venous oxygen

tension was measured frequently, and even at the lowest
flow rates and higher temperature range, it was always
above 150 mm Hg (measured at 37° C).

The overall results in terms of maximum serum creati¬
nine values are summarized in Table 1. Vascular throm¬

bosis, both venous and arterial, either alone or in
combination, complicated the postoperative course in eight
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out of 17 kidneys from series A. Nevertheless, when
stable creatinine levels had been reached before this

secondary rise characteristic of the onset of thrombosis,
these levels have been reported. Vascular thrombosis did
not occur in series B, and the rise in serum creatinine
level in this series was almost always appreciably less
than in series A. Although the numbers within each
treatment group are too small for valid statistical analysis,
it would appear that variations in pump design, perfusate
composition and temperature of perfusion had a negligible
effect on the quality of function of the kidneys. Thus,
in series B the mean maximum serum creatinine value
for those kidneys perfused at 6° to 8° C and at 1° to
3° C were respectively 1-7 mg/100 ml (SD 0-3 mg) and
1-6 mg/100 ml (SD 0-4 mg).

DISCUSSION

The demonstration by Belzer and his associates in 1967
that canine kidneys could be consistently preserved for
up to 72 hours generated a wave of interest in perfusion
technology. The Belzer machine is now in commercial
production (Life Instrumentation) and has been used with
considerable success in the preservation of human cadaveric
kidneys for periods of up to 50 hours (Belzer and Kountz,
1970). However, the weight of the unit (approximately
400 lb) has rendered it impracticable for use in intercity air
transport. A number of alternative perfusion units have
been developed and used successfully for human kidneys.
These include the Gambro machine (Collste et alii, 1971),
the Waters machine (Moberg et alii, 1971), and the Mayo
Clinic machine (Woods et alii, 1971). The first two of
these are appreciably more compact than the Belzer
machine, but differ from it very little in basic design
concept.

By contrast, the perfusion system described in this
report incorporates simplifications in every phase of
operation. Thus, whereas conventional perfusion units use

electrically-driven constant volume pumps, which require
adjustment to maintain constant perfusion pressure during
the phase of falling vascular resistance, our system accom¬

plished this automatically by the use of a pneumatic
constant pressure pump. The advantages in terms of
freedom from supervision were evident in this experiment
when the pulsatile roller pump was replaced by the
pneumatic pump. The stroke volume of the latter was

self-adjusting for changing vascular resistance. Accord¬
ingly, a steady rise in flow rate was evident during the
initial few hours of each perfusion experiment. A further
advantage of the pneumatic system is a potential saving
in weight and power requirement by comparison with an

electrically-driven pump. The present solenoid control unit
could be considerably reduced in both size and power

consumption by appropriate design modifications. The
utilization of the oxygenator both for gas exchange and
as a pump effects further economies in size and weight.
The composition of the precipitate which formed when

Belzer plasma was stored at 0° C was not established. It
seems likely, however, that this would be similar to the
cryoprecipitate supplied by blood banks for the treatment
of bleeding disorders. If plasma is to be used as a perfusate
at these low temperatures, an additional cold filtration
step is required as described. It may be that the general
preference in the literature for higher perfusion tempera¬

tures in the range of 6° to 12° C (Belzer and Kountz, 1970;
Woods et alii, 1971; Moberg et alii, 1971; Collste et alii,
1971) is simply a reflection of a previously unrecognized
precipitation problem. Fortunately, the later albumin-
based synthetic perfusate appears to be stable in the low
temperature range. From a practical viewpoint, the tem¬
perature range achieved by chipped ice immersion of the
components of the perfusion system has obvious advan¬
tages, avoiding the need for a thermostatically controlled
refrigeration unit, refrigerant circulation and heat
exchanger which have been required by perfusion systems
operating at higher temperatures.

An optimal pH range for hypothermic perfusion has yet
to be established, but for the present it seems safe to
assume that it will be within the physiological range.

Normally a carbon dioxide supply is required to maintain
the appropriate ratio of bicarbonate to carbon dioxide to

satisfy the Henderson-Hasselbalch equation. This has
usually been achieved by individual regulation of the flow
of air and carbon dioxide to maintain the desired pH.
Automatic control of carbon dioxide delivery for a con¬

stant pH is possible, and has been incorporated in the
perfusion system described by Woods et alii (1971). This
facility obviously adds to the bulk, complexity and expense
of the apparatus. It was therefore gratifying to discover
that the carbon dioxide supply could he eliminated
altogether by substitution of a phosphate buffer, without
deterioration in functional results. The elimination of
carbon dioxide by the oxygenator after the addition of
phosphoric acid took some time, so that a few hours of
perfusion were often required to reach a stable pH. If
required, however, this could readily have been accom¬

plished at an earlier phase in the preparation of the
plasma, and was of course unnecessary with the later
albumin-based perfusate. Despite a suggestion to the
contrary (Cooperman et alii, 1971), an albumin-based
synthetic perfusate did not appear to yield results inferior
to cold filtered Belzer plasma, whereas the ease of prepara¬
tion of the former offered many advantages.
The major outstanding problem remaining is to explain

the failure of the first perfused kidney to do as well as

the second. For the present we have no certain explana¬
tion for this phenomenon, but we believe that the most
fruitful line of investigation will be to eliminate whenever
possible toxins leached out of plastic materials already
in the circuit (Atkins et alii, 196S), or resulting from
techniques of sterilization. If by these means the results
for series A can be rendered as good as those for series B,
then it seems likely that, because of its simplicity and
reliability, this perfusion system would find wide applica¬
tion for cadaveric kidney storage and transportation.
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Primary nonfunction remains an important prob¬
lem in the field of cadaveric renal transplantation
and one that could be avoided if it were possible to
assess accurately ischemic injury prior to reim¬
plantation. For this purpose, a number of simple
metabolic screening tests have been proposed, in¬
cluding measurement of oxygen consumption and
the time for reduction of a tetrazolium salt by
cortical tissue, the leakage of intracellular enzymes
into a perfusate, and surface electrometry. None of
these methods has found wide clinical acceptance.
The present study was undertaken to evaluate

critically these methods in an experimental model
with a view to selecting the most appropriate for
application in human beings.
materials and methods

Adult mongrel dogs and New Zealand white rab¬
bits were anesthetized with intravenously adminis¬
tered pentobarbital sodium, and diuresis was pro¬
duced by the infusion of 0.45 per cent sodium
chloride containing 13 grams per liter of mannitol.
Both kidneys were removed through a midline in¬
cision and immersed in an iced-saline solution
either immediately or after incubation in a water
bath at 37 degrees C. for periods of 30, 60, or 120
minutes. Subsequently, each kidney was studied by
one of four methods.

Oxygen consumption was measured manometric-
ally in the Warburg apparatus. Thin cortical slices
of an average thickness, 0.29 (standard deviation
0.07) millimeter were cut using a microtome. They
were then blotted and weighed, and approximately
150 milligrams were introduced into the flask which
contained 3 milliliters of the incubation medium
which consisted of sodium chloride, 96.5 milli-
moles per liter; potassium chloride, 40 millimoles
per liter; calcium chloride, 2.0 millimoles per liter;
phosphate buffer (pH 7.4), 8.2 millimoles per
liter; and sodium acetate, 10 millimoles per liter.
From the Department of Surgery, University of Queensland,

Brisbane.
Supported in part by the National Health and Medical Research
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The center well of the Warburg flask contained 0.2
milliliter of 10 per cent potassium hydroxide, and
the gas space was filled with oxygen. The vessels
then were shaken in a 25 degree C. water bath at a
rate of 100 cycles per minute. After ten minutes
equilibration, the taps were closed, and oxygen
consumption was recorded during the following 30
minutes. Oxygen consumption was expressed as
Qo2 microliters of oxygen per milligram per initial
wet weight per hour.
Tetrazolium dye-reduction studies were per¬

formed at room temperature on similarly prepared
renal cortical slices placed in a small chamber. At
time zero, the specimen was covered with a 0.05
percent solution of 3-(4,5 dimethyl thiazolyl)-2,5-
tetrazolium bromide in a 0.3 molar phosphate
buffer, pH 7.4. The specimens were illuminated
with a sodium lamp, and the time to the first per¬
ceptible darkening of the specimen was recorded
by two observers with stop watches, using a fresh
tissue slice as the control. In a second study, to
eliminate subjective error, the rate of darkening
of the specimen was recorded photoelectrically
with a cadmium sulfoselenide cell, replacing one
eyepiece of a long working-distance binocular mi¬
croscope. The specimen was brought into focus
through the other eyepiece, so that it filled the
field of view and was focused on the photocell.
Both the emission spectrum of the sodium lamp—
principal emission line 580 millimicrons—and the
maximum sensitivity of the photocell—615 milli¬
microns—were chosen to be in the spectral region
at which the blue-colored tetrazolium formazan
absorbs light strongly. The characteristics of the
photocell are such that the logarithm of the cell
illumination is proportional to the logarithm of its
electric conductance. Accordingly, the latter func¬
tion was plotted against time after the addition of
the tetrazolium bromide to the specimen. The end
point of the reaction arbitrarily was taken as the
time required for log conductance to fall by 0.2.
To avoid the technical difficulties associated with

perfusion of small, rabbit kidneys, lactic dehydro¬
genase enzyme washout studies were carried out

Reprint from SURGERY, Gynecology & Obstetrics, January, 1973, Vol. 136, 43-46
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ISCHEMIA TIME IN MINUTES

Fig. 1. Oxygen consumption by thin cortical slices cut
from kidneys exposed to periods of warm ischemia shows
mean of six experiments and one standard deviation.

only in dogs. Heparin—250 U.S.P. units—was in¬
jected into the renal artery immediately before
removal. After the standard periods of warm incu¬
bation, the kidneys were perfused through the
renal artery with an ice-cold solution containing
equal volumes of Collins C3 solution (2) and 10
per cent Rheomacrodex (aextran 40) in saline so¬
lution, the dextran being included to improve the
perfusion characteristics. The venous effluent was
collected in three 50 milliliter aliquots, centrifuged
to remove red cells and the lactic dehydrogenase
enzyme activity estimated on supernatant, results
being expressed in Berger-Broida units.
Surface pH was measured with a radiometer

electrode and calomel reference electrode applied
together to the surface of the kidney at intervals
during periods of warm incubation.

RESULTS

The results of the studies of oxygen consumption
are shown in Figure 1. The Q_o2 for fresh renal
cortex was 1.08 (standard deviation 0.09) and 1.05
(standard deviation 0.10) microliters per milligram
initial wet weight per hour for dogs and rabbits, re¬
spectively. The rate of fall of oxygen consumption
was most marked in the first 30 minutes of warm
incubation. After 60 minutes of warm ischemia,
these levels had fallen to 0.67 (standard deviation

ISCHEMIA TIME IN MINUTES

Fig. 2. Time required for first perceptible darkening of
renal cortical tissue treated with tetrazolium bromide. The
end point was recorded visually, mean of four experiments
and one standard deviation, and photoelectrically, mean of
two experiments.

0.05) and 0.79 (standard deviation 0.03) micro-
liters/milligram initial wet weight per hour, re¬
spectively. Little further change occurred in the
next 60 minutes.
The rate of darkening of renal cortical tissue

treated with a tetrazolium salt bore no consistent

relationship to the duration of ischemic exposure
(Fig. 2). When recorded visually, the end point for
fresh tissue occurred at 15.7 (standard deviation
0.4) seconds with dog kidneys and 16.6 (standard
deviation 0.8) seconds with rabbits. As the period
of ischemia was increased, the rapidity of color
change first increased and then decreased slightly.
When the darkening was recorded photoelectri¬
cally, the general pattern of results was similar to
that recorded visually, an indication that, despite
refinement of themethod, the tetrazolium test lacked
correlation with the extent of ischemic injury.
The results of the lactic dehydrogenase enzyme

washout study are shown in Table I. The greatest
range of values with increasing ischemia was
recorded from the first 50 milliliter sample. For
comparison with the other studies, these results
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ISCHEMIA TIME IN MINUTES

Fig. 3. Washout of lactic dehydrogenase, LDH, in the
first sample of perfusate from dog kidneys exposed to periods
of warm ischemia showing mean of five experiments and
one standard deviation. B.B., Berger-Broida units.

also are presented graphically in Figure 3 and
represent a nearly linear increase in lactic dehydro¬
genase enzyme washout with increasing duration
of warm ischemia.
The surface pH measurements are shown in

Figure 4. Stable readings were achieved within
three minutes. A substantial drop in pH had oc¬
curred by 30 minutes of warm ischemia, with little
change thereafter for periods up to 120 minutes.
discussion

The multiple and complex functions of an organ
like the kidney depend not only on the integrity of
the enzyme systems of the individual cell but also
on the co-ordinated activity of the majority of the
cells of which it is composed. It is unlikely, there¬
fore, that any single in vitro test would accurately
parallel the depression of renal function resulting
from ischemic injury. Nevertheless, it is still possi¬
ble for such a test to be of value if a predictable
relationship exists between the duration of ischemia
and the value of the parameter measured. A deci¬
sion of whether or not to transplant a particular
kidney then would depend on a knowledge of the
correlation between the period of ischemia and
subsequent function. Wickham and his colleagues
(4) were able to construct a time scale for ischemic
depression of renal function based on an experi¬
mental study and a review of the literature. It was
apparent that most of the recoverable damage

ISCHEMIA TIME IN MINUTES

Fig. 4. Surface pH recorded from kidneys exposed to
periods of warm ischemia shows mean of six experiments in
each group and one standard deviation.

occurred within the first hour of ischemia. Our
observations (2) on transplanted human cadaveric
kidneys, likewise, demonstrated that immediate
function is unlikely if ischemia times extend be¬
yond 54 minutes. To be of value, in vitro viability
assays must be capable of registering progressive
changes within the first hour of ischemia at 37
degrees C.
The tetrazolium test, being simple and rapid to

perform, has been used both as a viability assay for
cadaveric kidneys and as a measure of the effec¬
tiveness of kidney preservation techniques. It is
based on the reduction of a tetrazolium salt to a

blue-colored formasan by the dehydrogenase en¬
zyme systems of the cell. As usually performed, it
measures a combination of the activity of a range of

TABLE I.—WASHOUT OF LACTIC DEHYDROGENASE

IN SUCCESSIVE 50 MILLILITER ALIQUOTS FROM
KIDNEYS PERFUSED AFTER PERIODS OF WARM

ISCHEMIA

Ischemia

time,
mins. Aliquot 7 Aliquot 2 Aliquot 3 Mean

Nil 9.0 (5.1) 13.9 (10.5) 11.6 (11.0) 11.5 (7.6)
30 28.8 (5.0) 23.4 (6.8) 19.6 (4.5) 24.0 (4.0)
60 47.2 (10.8) 25.8 (8.9) 22.3 (10.8) 31.7 (7.1)
120 73.8 (19.1) 48.6 (18.6) 47.2 (18.0) 56.5 (17.4)
Washout figured in Berger-Broida units.
Mean of five experiments, standard deviation in brackets.
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these enzymes as well as the availability of endog¬
enous substrate, a factor which easily could be re¬
sponsible for an increase in the rate of reaction if
intracellular membranes are damaged by ischemia.
Such an increase has been noted in freeze-thawed
renal tissue, both with the tetrazolium test and
with oxygen consumption. In the present study, a
slight acceleration of the reaction compared with
control tissue was noted after 30 minutes of warm
ischemia. The time to first darkening for fresh dog
kidney was 15.7 (standard deviation 0.4) seconds in
our study, and this was similar to the 16.8 (standard
deviation 0.7) seconds reported by Smith and his
associates (3). The latter recorded a two second
increase in the tetrazolium time after one hour of
warm incubation, whereas in the present study,
there was no significant change by comparison
with control levels, p>0.05. It is doubtful whether
or not a change as small as two seconds during the
first hour of ischemia would be of any practical
value as a means of predicting function of a cada¬
veric kidney. Even when the test was refined so as
to increase its sensitivity by the use of a sodium
lamp for illumination and a sensitive photocell for
recording of the rate of darkening of the specimen,
there was no improvement in the resolution.
In these experiments, a rapid decline in surface

pH similar to that described by Couch and his
associates (1) was observed to occurwithin the first 30
minutes of warm ischemia. Presumably, this re¬
flects an accumulation of lactic acid during anaero¬
bic metabolism. Unfortunately, this rapid change
in pH was not maintained, a virtual plateau being
reached between 30 and 120 minutes of warm
ischemia. In this respect, the results for rabbit and
dog kidneys were almost identical. For this reason,
the value of the test as a viability assay for cada¬
veric kidneys must be rather restricted, although it
may be of use as a monitor during preservation by
continuous perfusion.
In rabbits and dogs, the Qo2 of fresh renal cortex

was similar to that found by others. These studies
also confirmed that during the first hour of incuba¬
tion there was a progressive decline in Qp2 which
was roughly proportional to the duration of ische¬
mia. Thus, the test appears to be of considerable
value as a means of studying preservation by in
vitro techniques using cortical slices, so obviating
the need for functional assessment of the kidney
after reimplantation. This approach has been re¬
ported previously and currently is being investi¬
gated in our laboratory as a means for analyzing
the optimal perfusate composition for hypothermic
kidney storage.
A progressive accumulation of lactic dehydroge¬

nase enzyme and acid phosphatase within renal
tissue during a period of ischemia has been re¬

ported previously. The washout of lactic dehy¬
drogenase enzyme frequently has been used to
assess the viability of kidneys maintained on per¬
fusion circuits. Presumably, the loss of this enzyme
into the effluent reflects an increase in cell permea¬
bility after ischemic damage. In this experiment, a
nearly linear relationship has been shown between
the duration of ischemia and the quantity of lactic
dehydrogenase enzyme contained in the first sam¬
ple from the kidney, confirming its value as a
viability assay.
From the present study, neither the tetrazolium

test nor surface electrometry appeared to be of
value in quantitating the period of ischemia suf¬
fered by the kidney. By comparison, the oxygen
consumption and the washout of lactic dehydro¬
genase enzyme would seem to be more promising.
The former, however, has the disadvantage of
requiring a substantial cortical biopsy and of re¬
flecting changes poorly beyond one hour of ische¬
mia, while the latter has the obvious advantage
that samples can be obtained without interference
with the normal protocol for perfusing and han¬
dling cadaveric kidneys. The application of lactic
dehydrogenase enzyme washout to human kidneys
is under investigation.
SUMMARY

Four simple in vitro viability assay techniques
were evaluated experimentally with canine and
rabbit kidneys subjected to graded periods ofwarm
ischemia. Of the methods studied, renal cortical
oxygen consumption and the initial washout of
lactic dehydrogenase by renal perfusion showed a
useful relationship with the duration of the ischemic
insult. This was not the case with either the tetra¬

zolium dye-reduction test or surface pH recording.
It was concluded that the washout of lactic

dehydrogenase was likely to prove the most suitable
test for application to human cadaveric kidney
transplantation.
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A simplified kidney preservation system: Further
development and results of extended perfusion
I. R. Hardie, G. J. A. Clunie, Glenda Balderson, J. F. Leditschke, and I. J. Leslie,
Brisbane, Queensland, Australia

Preliminary results with a greatly simplified continuous perfusion system indicated
that satisfactory preservations of canine kidneys could be achieved in a small circuit
from which much of the complexity required for pH, temperature, and pulse pressure
control in conventional systems had been eliminated. Further development has been
undertaken to simplify the pump control unit and to compare materials suitable for
construction of the definitive circuit. Reliability of mechanical components and of
preservation quality have been studied in a series of 48 hour perfusions of canine
kidneys, with the use of both cryoprecipitated plasma and a five percent albumin
solution as perfusates. Perfusions were carried out at both very low (0.5° C.) and
low (5° C.) temperatures, since the operating temperature of the circuit, when
immersed in chipped ice for simplified temperature control, depended on the
material used in its construction. A total of 2,424 hours of perfusion was carried
out, and no mechanical failure occurred; all components functioned efficiently and
reliably. Plasma proved to be unsuitable at these low temperatures; only two of
six dogs survived after 48 hours perfusion at 0.5° C. and six of nine survived at
5° C. All kidneys perfused with albumin at both temperatures survived, with
maximum serum creatinines of 6.3 and 4.9 mg. percent, respectively, demonstrating
that this solution is the more satisfactory of the two perfusates for this system.

From the Department of Surgery, University of Queensland, Brisbane, Australia.

Initial results with a simplified
kidney perfusion system8 indicated that this
perfusion circuit provided 24-hour preserva¬
tion comparable in quality to that of the
the larger, more complex conventional cir¬
cuits. The further development of this system
forms the basis of the present report. Simpli¬
fication of the solenoid control unit for the

pneumatic pump has been achieved, suitable
materials for the construction of the produc-
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Reprint requests: Dr. I. R. Hardie, Department of
Surgery, Princess Alexandra Hospital, Ipswich Road,
Woolloongabba, Brisbane, Q., Australia.

tion unit were evaluated, and reliability of
the unit was confirmed by a series of 48 hour
perfusions of canine kidneys with the use of
both cryoprecipitated plasma and a syn¬
thetic perfusate containing five percent
albumin.

MATERIALS AND METHODS

Development of pump control unit. The
final phase of operation to be simplified was
the pump control function. The previous
control unit required 240 v. A.G. power sup¬
ply and utilized relatively large solenoid and
constant pressure valves. For portability, a
12 v. D.C. power supply was selected, and
provision was made for several alternative
power sources, including a self-contained re-

Vol. 75, No. 5, pp. 651-659 May, 1974 SURGERY 651
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Fig. 1. Diagram of simplified kidney preservation system showing perfusion circuit (1, organ
chamber; 2, reservoir; 3, oxygenator/pneumatic pump) immersed in ice, perfusate flow
monitor (4), thermistor needle probe (5), pump air outlet constriction to control pulse wave
form (6), arterial pressure and temperature monitors (7), constant pressure (8), and solenoid
(9) values to control air release to drive pump, compressed air cylinder (10), control unit
governing solenoid valve function (11), and portable 12 v. power source for control unit (12).

chargeable battery for use away from other
sources, and 240/12 v. battery charger for
local hospital storage. The rechargeable bat¬
teries use a semi-solid paste electrolyte/acid
preparation which would be suitable for air
transport.
Suitable electrical circuitry has been

developed to provide a variable pulse fre¬
quency and an independently variable pulse
duration; switched controls were used to
ensure accurate selection of the required
function. An alarm circuit provides an
audible "pip" with each pulse and a con¬
tinuous high pitched tone in the event of a
decline in the voltage from the power source.
The control unit measures 10 by 10 by 5 cm.
and provides sufficient power output to
operate a small (5 by 5 by 9 cm.) self-

exhausting solenoid valve,* to the distal side
of which is coupled a constant pressure valve
of similar size.f
Evaluation of construction materials. The

organ chamber and reservoir of the experi¬
mental circuit were made of polypropylene,
and it is possible that toxins may have been
leached out of this material,1 thus account¬
ing for some variability in results of preser¬
vation.8 Furthermore, the acrylic non-return
valves which were in use could not be auto-

claved and so represented a double source of
further potential contamination. New valves
were therefore developed by using stainless

*Type UK3, Goycn Controls, Ltd.. 151 Ipswich Rd.,
Woolloongabba, Brisbane, Q., Australia. (Goyen Controls
[America] is a subsidiary.)
fMidget Regulating Valve, Type R125, Goyen Controls,
Ltd.
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=Fable I. Perfusates used for continuous perfusion preservation of canine kidneys
Basic solution* 1 Additivesf

''lasma Glucose (50%) 5 ml.

1.5 L. pooled plasma, freeze-thaw- Hydrocortisone 100 mg.

filter, osmolarity adjusted to 300 Insulin 80 U.

mOsm./L. with mannitol MgSCh (50%)
H3PO, (0.5M) to pH 7.5

2 ml.

dlbumin
Saline (0.9%) 500 ml. Albumin (25%) 200 ml.
Glucose (5%) 100 ml. MgSCh (50%) 2 ml.
Sucrose (10.3%) 200 ml. Hydrocortisone 100 mg.

KJHPCL (200 mM) 75 ml. Insulin 80 U.
KOH (IN) to pH 7.5

*The plasma was stored frozen, after two cycles of freeze-thaw-filter, and thawed at 1° C. 48 hours before use.

fThe additives were added to each solution immediately prior to use.

steel and a design similar to that of the
former valves. Later, a stainless steel proto¬
type circuit was constructed, providing an
easily sterilized, non-toxic unit. Immersion
of this unit in chipped ice for simplified
temperature control resulted in a perfusion
temperature rather lower than that provided
by the polypropylene circuit, and some dif¬
ficulties were encountered at this very low
temperature, as will be discussed later. A
polycarbonate plastic circuit was therefore
constructed in order to utilize the advan¬

tages of reduced thermal conductivity, trans¬
parency, and lighter weight offered by this
non-toxic, autoclavable material.14
Perfusion experiments. For reasons of

economy, the perfusion experiments were
performed in pairs, the perfusate being used
without intervening filtration for consecutive
24 hour and, later, 48 hour periods on kid¬
neys from two dogs. Nephrectomy and re¬
implantation were carried out under
mannitol-induced diuretic conditions, as pre¬
viously described.5 After removal, the kidneys
were cooled rapidly by immersion in iced
saline slush and were then flushed until the
effluent was clear with about 50 ml. of cold

Ringer's lactate solution containing procaine
(1.0 Gm. per liter) and heparin (500 U. per
liter) and buffered to pH 7.4 before being
weighed and placed on the perfusion circuit
(Fig. 1). Thereafter, the temperature was
maintained by immersion of the circuit in
chipped ice, the actual operating range de¬
pending on the material used in the con-

Table II. Final compositions of the
perfusates used for continuous perfusion of
canine kidneys

Cryo-
precipitated Albumin

plasma (5%)
Sodium (mEq./L.) 146 108
Potassium (mEq./L.) 5.0 33
Magnesium (mEq./L.) 7.7 8.0
Chloride (mEq./L.) 75 77
Osmolarity (mOsm/L.) 295 310
pH 7.5 7.5
Glucose (mg./lOO ml.) 300 860
Free fatty acid
(mEq./L.) 1.0 2.5

struction of the circuit. Renal cortical tem¬

perature, monitored by a thermistor needle
probe, was in the range 4 to 5° C. in both
plastic units and 0.5 to 1.0 C. in the stainless
steel unit. Air pressure to the oxygenator/
pump was set to maintain a renal systolic
perfusion pressure of 60 mm. Fig. The rate
of flow of effluent down the venous line was

monitored regularly, together with the
systolic and diastolic pressures and the per¬
fusate arterial and venous pH, Po2, and
Pco2 (measured at 37° C.).
After the period of perfusion, the kidneys

were reweighed and reimplanted in the pel¬
vis with the use of standard techniques, with
immediate contralateral nephrectomy. Renal
function was followed by daily estimations
of the serum creatinine level. Animals be¬

coming uremic were killed, while survivors
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Table III. Results of 24 hour perfusions with albumin solution at 4 to 5° C.
in polypropylene circuit using two types of non-return valve

Maximum serum creatinine (mg./lOO ml.)
A B Total

Valves No. Mean (S.D.) No. Mean (S.D.) No. Mean (S.D.)

Acrylic 9 2.7 (1.0) 9 1.9 (0.9) 18 2.3 (1.0)
Stainless steel 6 2.7 (1.0) 5 2.4 (0.8) 11 2.6 (0.9)

Table IV. Results of 48 hour perfusions at 0.5 to 1° C.

Perfusate No. of dogs
No. of
survivors

No. of uremic
deaths

Maximum serum creatinine

(mg./lOO ml.)
Plasma 6 0 4 5.0

11.5
Albumin 5 5 0 Mean, 6.3 (S.D., 1.2)

were followed for at least four weeks. Sec¬
tions taken from kidneys at autopsy were
examined by light microscopy, with hema¬
toxylin and eosin and Picro-Mallory stains.
Two perfusates were studied and com¬

pared (Table I). Cryoprecipitated pooled
canine plasma was prepared by a modifica¬
tion of the method described by Belzer and
associates,2 subjecting it to an additional
cycle of cold thawing, 48 hours ice storage,
cold filtration, and refreezing in order to
eliminate a further cryoprecipitate which
became apparent with storage at 0° C., and
substituting a phosphate buffer for the plas¬
ma bicarbonate buffer system by titrating
with 0.5M phosphoric acid during the early
stages of perfusion.® The second perfusate
was a synthetic albumin solution similar to
that described by Claes and colleagues.4 The
final compositions of the perfusates are
shown in Table II.
Three groups of experiments were carried

out. Technical failures were excluded from

analysis when an obvious technical error was
identified. Statistical analyses were carried
out with the use of the Student's t test.

Group I. Perfusion with stainless steel
valves. Twenty-four hour perfusions were
carried out in the polypropylene circuit at
4° C., using either acrylic or stainless steel
valves. For this experiment, only the albumin
perfusate was used, in order to achieve ac¬

curate comparison between the two sets of

valves within a single variant of the per¬
fusate.

Group 11. Perfusion at very low tempera¬
ture. Forty-eight hour perfusions were car¬
ried out at 0.5 to 1.0° C. in the stainless
steel circuit incorporating the new valves,
with the use of either cryoprecipitated plas¬
ma or the albumin solution as perfusate.
Group III. Perfusion at low temperature.

A further series of 48 hour perfusions was

subsequently carried out at 4 to 5° C., the
operating temperature provided by the poly¬
carbonate circuit immersed in ice, with the
use of the same perfusates.

RESULTS

Group I. Perfusion with stainless steel
valves. The results of the 24 hour perfusions
to test the stainless steel valves are sum¬

marized in Table III. The first and second

kidneys from each consecutively perfused ex¬

perimental pair have been grouped into Series
A and Series B, respectively, before being
combined to show the total result for the

whole group. The only uremic deaths were
due to technical failures caused by arterial
and venous thrombosis, either alone or in
combination, which complicated the post¬
operative course in three of the animals in
Series A and one in Series B with acrylic
valves. In two of these, one from each series,
stable creatinine levels had been reached
before this secondary rise characteristic of
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Table V. Perfusion characteristics of kidneys perfused for 48 hours at 0.5 to 1° C.

Perfusate No.

Diastolic pressure Flow increase

Weight increase
Stable

Increased
Mean

(%) S.D.No. | Mean (%) No. \Mean % (S.D.)
Plasma
Surivors 2 0 2 60 8 — 2 10.5 (—)
Nonsurvivors 4 0 4 85 (S.D., 47.0) 8.8 — 4 28.8 (13.4)

Albumin 5 1 4 60 (S.D., 25.8) 114.4 63.8 5 22.9 (12.2)

Table VI. Results of 48 hour perfusions at 4 to 5° C.

No. of uremic
deaths

Maximum serum creatinine
(mg./lOO)

Perfusate No. of dogs No. of survivors Mean | S.D.
Plasma 9 6 3 7.4 1.1
Albumin 4.9 1.7

the onset of thrombosis, and these levels have
therefore been included, whereas the other
two were excluded from further study. No
vascular thrombosis occurred in either series
in the stainless steel valve group. There were
no technical failures due to circuit mal¬
function.
The rise in serum creatinine in Series B

was almost always less than in Series A, but
full analysis showed no significant difference
between the two series with either type of
valve. The comparison of the valves was
therefore based on the total number of per¬
fusions performed in each group, and again
no significant difference was demonstrated
between the results with the two types of
valve.

Group II. Perfusion at very low tempera¬
ture (0.5° C. to 1.0° C.). The results of the
48 hour perfusions at 0.5° C. to 1.0° C. are
summarized in Table IV. Seventeen per¬
fusions were performed, but six were tech¬
nically unsatisfactory because of vascular
thrombosis (one in each group), intussuscep¬
tion (one in the albumin group), leaking
ureteroneocystostomy (one in the plasma
group), or incorrect cannulation of the renal
artery resulting in perfusion of only one
major branch of the artery (one in each
group), and were excluded from analysis.
In both groups, there was no significant dif¬
ference in maximum serum creatinine be¬

tween the first and second kidneys in the
pairs of perfusions and so all experiments in
each group were combined for analysis.
Only two of the six kidneys perfused with

plasma had life-sustaining function after re¬
implantation, and in these animals the serum
creatinine rose to peaks of 5.0 mg. percent
on day 1 and 11.5 mg. percent on day 5,
respectively. The other four failed to support
life, and the animals rapidly became uremic
and died. Autopsy revealed a uniformly black
kidney in each case, with all anastomoses
intact and patent, and histologic examina¬
tion showed extensive cortical necrosis. De¬

tails of the behavior of these kidneys during
perfusion are summarized in Table V. The
diastolic pressure rose progressively in every

kidney perfused with plasma, while the per¬
fusate flow rate increased only marginally
and actually decreased in one kidney, which
subsequently failed to support life. Every
kidney increased in weight during perfusion,
and most were frankly edematous at re¬
implantation. These features were more
marked in the four which did not support
life after reimplantation, but statistical com¬
parison with the survivors is not possible
with only two animals in the latter group.
In contrast, there were no uremic deaths

in the group perfused with the albumin
solution, and the mean maximum serum

creatinine was 6.3 (S.D., 1.2) mg. percent.
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Table VII. Perfusion characteristics of kidneys perfused for 48 hours at 4 to 5° C.

Perfusate No.

Diastolic pressure
Flow increase Weight increase

Mean

(%) S.D. No.
Mean

(%) \ S.D.Stable Increased

Plasma
Survivors 6 5 1 (50%) 66.7 12.5 3 3.0 2.4
Nonsurvivors 3 3 0 35.0 14.1 1 7.8

Albumin 7 7 0 79.6 22.1 6 13.5 10.9

Creatinine levels had returned to less than
2.0 mg. percent within ten days in all these
animals and remained normal thereafter.
Diastolic pressures during perfusion were
more stable in this group and tended to rise
less, while the flow showed a substantial in¬
crease of 114 percent (S.D., 64), which
was significantly greater than in the plasma
group (p < 0.01). However, all kidneys
showed increases in weight which were not
significantly different from the increases in
the plasma group.
These animals were killed at intervals

ranging from one to seven months after
reimplantation and histologic examination
of the kidneys revealed minimal changes.
Group III. Perfusion at low temperature

(4 to 5° C.). The results of the 48 hour
perfusions at 4 to 5° C. are summarized in
Table VI. Nineteen experiments were per¬
formed, from which two technical failures
were excluded, one with vascular thrombosis
from the plasma group and one with air
embolism from the albumin group. This was
the only occurrence of this complication in
all groups and was due to a clamp being in¬
advertently left on the venous line after re¬

cording the flow rate, causing accumulation
of perfusate in the organ chamber until the
reservoir level fell below the outlet and
allowed air into the line. Awareness of this

possible complication has helped to avoid
any recurrence.
In the plasma group, there were three

uremic deaths, all these kidneys appeared
non-viable at autopsy, with histologic evi¬
dence of diffuse cortical necrosis. The re¬

maining six in this group survived, the
serum creatinine rising to a mean maximum
of 7.4 mg. percent (S.D., 1.1). In the
albumin group all eight survived, with no

uremic deaths, and the mean maximum
serum creatinine in this group was 4.9 mg.
percent (S.D., 1.7), which was significantly
lower (p < 0.01) than in the survivors of
the plasma group. Once again, no significant
difference was found between the first and
second kidneys in the pairs of perfusions.
Serum creatinine levels had fallen to less
than 2.0 mg. percent between 18 days in the
plasma group survivors and within ten days
in the albumin group. Thereafter, all animals
maintained normal creatinine levels for

periods ranging from one to six months, at
which time the animals were killed. These

kidneys were macroscopically normal and
showed minimal histologic change.
In all kidneys, the diastolic pressure re¬

mained stable throughout perfusion, while
the flow rate increased during the first 12
hours and thereafter remained stable (Table
VII). The flow increase was 79.6 percent
(S.D., 22.1) in the albumin group, but
rather less at 66.7 percent (S.D., 12.5) in
the survivors of the plasma group, and this
difference was not statistically significant.
However, in the non-survivors of the plasma
group, the flow increased by only 35.0 per¬
cent (S.D., 14.0), which was significantly
less than the increase in both the survivors
of the plasma group (p < 0.02) and the
albumin group (p < 0.01).
Weight changes were variable in the

plasma group, two of the survivors losing five
and two percent of their original weight,
while the other four gained less than five
percent. One of the non-survivors lost 14
percent, while another gained 7.8 percent,
and the weight of the remaining one was
unchanged. Seven of the eight in the albumin
group gained weight, but the extent varied
greatly (mean, 13.5 percent, S.D., 10.9),
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and the eighth lost four percent of its original
weight. Thus, there appeared to be no con¬
sistent relationship between weight change
during perfusion and the ultimate function
of the kidney.

DISCUSSION

The simplifications incorporated in every
phase of the operation of this kidney per¬
fusion system have resulted in the develop¬
ment of a small, simple, lightweight machine,
the reliability of which is clearly demon¬
strated by the experiments described in this
report. A total of 29 twenty-four hour and
36 forty-eight hour perfusions were carried
out, and during these 2,424 hours of oper¬
ation, no mechanical failure developed.
The pneumatic pump/oxygenator has

provided flow rates up to 40 ml. per minute
through the larger canine kidneys, at 60 mm.
Hg systolic pressure, with peak flow rates
ranging from 0.2 to 1.0 ml. per gram per
minute. Separate observations on a small
group of kidneys which were not reimplanted
indicate that the pump can provide much
greater flow rates if the pulse rate and/or
duration or systolic pressure are increased.
Oxygenation has been satisfactory at all
times. The Po2 of the arterial perfusate was
always in the range 200 to 210 mm. Hg (at
37° C.), while the arteriovenous Po2 differ¬
ence never exceeded 80 mm. Hg, thus con¬
firming the effectiveness of the pump/oxy¬
genator.
The membrane oxygenators (Travenol

5M0321) have each been used for at least
288 hours of perfusion (three pairs of 48-
hours) in order to test their reliability and
for reasons of economy. After each use, they
were thoroughly cleansed by flushing and
then resterilized by exposure to ethylene
oxide. No membrane failure was recorded,
even with this extreme usage, and safe, re¬
liable operation is therefore to be expected
in clinical use, where the oxygenator is a

disposable item.
Ice immersion has provided reproducible

and stable temperature control. The ice sup¬
ply has required only infrequent replenish¬
ment, although the interval depends to some
extent on the ambient temperature.

The stainless steel valves proved mechani¬
cally sound and achieved the desired ease of
sterilization. One valve which was thoroughly
flushed with water after each use and then
autoclaved without being taken apart, was
found after 20 perfusions of 48 hours to be
as clean inside as the other valve which had
been disassembled for cleaning on each oc¬
casion. As a result of this, together with the
demonstration that the change to these
valves did not adversely effect preservation,
the stainless steel valves were adopted for
permanent use in the circuit.
The pH control by the phosphate buffer

in each perfusate has been reliable. The pH
remains stable over 96 hours of perfusion,
thus eliminating the need for repeated pH
estimations, improving the reliability, and
effecting further simplification of operation
additional to that already achieved by the
elimination of a carbon dioxide supply and
flow control.
The results of preservation of canine

kidneys in this simplified perfusion system
indicate a satisfactory quality of preservation.
The results of 24 hour perfusions with
cryoprecipitated plasma were reported pre¬

viously,8 and the maximum serum creatinine
of 2.2 mg. percent (S.D., 1.0) was not
significantly different from the over-all mean
maximum serum creatinine for the 29

kidneys perfused for 24 hours with albumin
in the present series. The two perfusates
appear equally satisfactory for periods up
to 24 hours, but the albumin is preferred be¬
cause of its greater simplicity of preparation.
With both perfusates, the 24 hour results

are comparable to those reported in the
conventional perfusion systems. The albumin
results compare favorably with those of
Collste,9 who reported a creatine peak of
3.6 mg. percent, and are considerably better
than those Cooperman and associates10 ob¬
tained with a 1.6 percent albumin solution,
while Johnson and associates12 reported a
maximum creatine of 2.5 mg. percent with
a similar solution utilizing a plasma protein
fraction to provide colloid osmotic pressure.
The plasma results are not significantly dif¬
ferent from the peak level of 1.4 mg. percent
reported by Woods and colleagues19 with
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the Waters Mox-100 machine, and the peak
of 1.5 mg. percent reported by Scott and
associates18 with the Belzer LI-400 machine.
The disappointing feature, however, was

the realization that the over-all results of
24 hour perfusions, with a maximum serum
creatinine after reimplantation of 2.4 mg.
percent for all kidneys and both perfusates,
are no better than the results of 24 hour

preservation of similar kidneys by simple
hypothermic storage in iced saline slush after
initial flushing with the Collins C3 solu¬
tion.5"7 Since continuous perfusion represents
a method of metabolic maintenance, it would
be expected to provide preservation of
superior quality to that of hypothermia
alone, since the latter is based solely on
metabolic inhibition. This provided a
further reason, in addition to the aim of
confirming the reliability of the system, for
extending the preservation time to 48 hours,
at which period hypothermia after C3 flush
fails to provide consistently satisfactory
preservation.6' 9' 11'15
The major difference between this and

the conventional perfusion systems is the
operating temperature. It seems that, even
with refined preparation, cryoprecipitated
plasma is not as effective a perfusate at 5°
C. as it is at 8 to 10° C. in the conventional
units. The reason for this is not entirely
clear but may be related in part to inhibition
of the cellular membrane ATPase system
below 10° C. leading to inability to consume
available substrates to maintain cellular

homeostasis,13 and in part to the difficulties
of clearing the plasma completely of all
lipoid particles insoluble at this very low
temperature.3' 8 Similarly, the albumin re¬
sults, while satisfactory on the whole, are
not as good as would have been expected
in view of the report by Claes and colleagues4
that 72 hour perfusions of a small group of
canine kidneys at 8° C. with a similar solu¬
tion gave a mean maximum serum creatinine
of 4.3 mg. percent. Once again, the probable
inhibition of the membrane ATPase at 5° C.

may provide a partial explanation.
The improvement produced by perfusion

with an oxygenated solution over the results
of simple hypothermic ischemic preservation

indicates that the oxygenation is allowing
the satisfaction of some metabolic need, even
at the very low temperature employed in
this experiment, thus leading to better
maintenance of cellular viability. In this re¬

gard, it is interesting to note that the arterio¬
venous oxygen difference of 80 mm. Hg
represents an oxygen extraction by the
kidneys perfused at low temperatures in this
experiment which is nearly double the 35 to
45 mm. Hg arteriovenous oxygen difference
reported by Santiago-Delpin and associates17
for kidneys perfused at 10° C. on the Mox-
100 and LI-400 machines, with similar
arterial Po.2 of 200 mm. Hg. It is apparent
that further investigation is needed to define
the metabolic pathways active at such low
temperatures.
The results of the 48-hour perfusions were

clearly dependent on the temperature at
which the organs were perfused. At very low
temperatures in the range 0 to 1° C. cryo¬
precipitated plasma proved to be unsuitable,
with poor perfusion characteristics as evi¬
denced by the rising diastolic pressure, the
poor flow rates, and the poor survival rates
after reimplantation. In the range 4 to 5° C.,
the plasma gave much better perfusion, but
preservation was still of inconsistent quality.
On the other hand, the five percent

albumin solution used in this experiment was
superior at both temperature ranges and
maintained life-supporting function in every
instance. Preservation was essentially the
same at both temperatures, the trend toward
better results at the higher temperature not
reaching statistical significance (t = 1.545 :
p < 0.20). The greater simplicity of prep¬
aration of the albumin solution, in addition
to its clearly superior quality of preservation,
establishes this solution as the optimal per¬
fusate, in the present state of our knowledge,
for use in the simplified kidney perfusion
system.
The development of the perfusion tech¬

nology has now reached a satisfactory level.
Further advances in the quality of preserva¬
tion may come from the use of improved
perfusates. The development of such solu¬
tions depends on the elucidation of many as
yet unknown aspects of the low temperature
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biochemistry and physiology of the kidney,
from which it may be possible to deduce
the optimal substrate composition of solutions
for hypothermic perfusion at the very low
uperating temperatures of the simplified
jystem. Of further interest is the recent find¬
ing by Sachs and colleagues16 that results of
simple hypothermic preservation could be
greatly improved by using a hyperosmolar
solution for the initial flush. Work at present
in progress in our laboratory indicates that
similar improvement in continuous perfusion
preservation can be obtained when plasma
is rendered hyperosmolar, results at 5° C.
being equal to and perhaps better than those
with standard albumin. Further experiments
are planned to confirm this finding and ex¬
tend it to the albumin solution in order to

define the optimal osmolarity.
In the meantime, this simplified perfusion

system is now being used with the albumin
perfusate for the preservation of human
cadaveric kidneys and commercial produc¬
tion is planned for the near future.

We wish to acknowledge the part played by
Dr. Geoffrey Collins, now of the University of
California, San Diego, in the initial development
of the circuit, and the technical assistance of Mrs.
Lizzie Hamlyn, Mr. Ron Hill, B.Sc., Mr. Del
Sizemore, and Miss Dorothy Mackay, S.R.N.
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Problems of Organ Preservation'

A major stimulus to research in the preser¬
vation of viable tissues has been provided by the
comparative success of clinical renal allotrans¬
plantation, further accentuated by the use of
cadaver rather than living donor organs. Unless
death can be anticipated, cadaveric transplan¬
tation necessarily entails organ preservation for
a variable period until revascularization in the
recipient can take place. The increasing
sophistication and complexity of tissue matching
(Opelz et alii, 1974), and the possibility of
production of immunological enhancement in
the recipient (Stuart et alii, 1974), both
emphasize the need for extension of the cur¬
rently available techniques, which at best
provide up to three days' preservation (Belzer
and Kountz, 1970). In addition, the risk of
transmission from the cadaveric organ donor
of malignant disease or of infectious diseases
such as hepatitis and syphilis to the immuno-
suppressed recipient must he eliminated by the
provision of adequate time for full autopsy and
laboratory investigations prior to transplanta¬
tion. These problems will only be overcome by
the development of methods which allow the
storage of organs for long or even indefinite
periods of time.
Preservation in this context can be defined

as the maintenance of a condition other than
the normal functional environment, from which
a cell, organ or organism can be resuscitated
to resume all of its normal processes (Robert¬
son and Jacob, 1968). Without some attempt
at preservation, removal of an organ from its
normal environment leads to rapid exhaustion

1 Review paper, contributed by request.
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of intracellular energy reserves, cessation of
metabolic processes, and acceleration of cata-
bolic activity, resulting in progressive damage
with cellular swelling, lysosomal breakdown and
eventual cell-death. Prevention of these changes
has been attempted, with some success, by the
inhibition of metabolic activity in an anaerobic
environment, or by the maintenance of activity
by in-vitro perfusion with oxygenation.

Metabolic Inhibition
Metabolic inhibition can be achieved by hypo¬

thermia or by pharmacological agents, which
reduce the requirements for oxygen. Hypo¬
thermia exponentially decreases tissue oxygen
needs until at 10° C requirements are 5% of
normal (Levy, 1959), and forms the basis for
all preservation systems in clinical use. How¬
ever, not all metabolic functions are propor¬
tionately slowed by hypothermia, and while
amino acid transport is virtually normal at
4°C (Lowenstein et alii, 1968), definite but
ill-defined changes occur in glucose utilization
(Fuhrman and Fuhrman, 1964). In addition,
there are major variations within and between
tissues and organs. The preservation of blood
at 4°C for periods of up to 21 days after the
addition of acid-citrate-dextrose anticoagulant
(ACD) is standard practice throughout the
world, and presents few problems in terms of
storage, although significant disorders related
to the method of storage and metabolic changes
during preservation may occur in recipients of
large volumes of ACD blood. Simple tissues
such as skin can be preserved by refrigeration
at temperatures above freezing point, but more
complex organs, such as the liver, heart and
kidney, present greater problems. The renal
medulla is known to derive its energy almost
exclusively from anserobic glycolysis (Lee et
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alii, 1962), and so should tolerate simple hypo¬
thermic storage. The renal cortex, on the
other hand, has a high rate of oxygen con¬
sumption at 37°C. and is largely dependent on
aerobic metabolism of various substrates,
especially glucose and fatty acids (Lee et alii,
1962; Whittam and Willis, 1963; Weidmann
and Krebs, 1969), but little is known of sub¬
strate utilization under hypothermic conditions.
There is evidence that the Na+K+ATPase of
the cell membrane pump is inactivated at
temperatures below io°C (Uldall et alii, 1966;
Belzer et alii, 1972), thus allowing potassium
leakage from the cell, with influx of sodium and
water, leading to cell swelling and death. The
use of an initial flush with cold solutions of
"intracellular" composition has led to signifi¬
cantly better results than simple surface cooling
of kidneys, both experimentally and clinically
(Collins et alii, 1969, 1972a, 1972b; Hartley
et alii, 1971). The mechanism of this effect is
uncertain, but appears to be related both to
the limitation of potassium leakage (Reichmann
et alii, 1972) and to the reduction of cell
swelling by osmotically active components of
the fluid solution (Downes et alii, 1973).
Flushing with hyperosmolar solutions bas
extended the period of preservation that can be
tolerated without significant impairment of the
function of reimplanted animal kidneys from 24
hours with the standard Collins C3 solution
(Collins et alii, 197ib) to 48 hours (Sacks et
alii, 1974). These animal experiments were
carried out under optimal conditions with vir¬
tually no warm ischsemia. In the clinical
situation, where a variable interval of warm

ischiemia between donor cardiac arrest and
cooling of the kidneys is inevitable if true
cadaveric organs are to be used, the period of
preservation with an "intracellular" C3 solution
and subsequent ice storage at 20 to 4°C appears
to be limited to less than 12 hours if immediate
satisfactory function is to be anticipated
(Hartley et alii, 1971 ; Clunie et alii, 1972). It
seems probable 011 the basis of the experimental
studies that hyperosmolar solutions will extend
this period to some extent, but this remains to
be defined clinically (Chatterjee and Berne,
*975) •

A variety of pharmacological agents have
been used as metabolic inhibitors, largely on
the basis of their ability to stabilize lysosomes.
If lysosomal membranes are damaged as a

Clunie and Hardif.

result of anoxia, the contained digestive
enzymes are released, causing autolysis of the
cell. This effect can be minimized by agents
such as magnesium sulphate (Webb et alii,
1966), hydrocortisone (Lotke, 1966), chlor-
promazine (Fonkalsrud et alii, 1969), and by
diuretics such as mersalyl (Clunie et alii, 1966)
and frusemide or mannitol (Najarian et alii,
1966). When used alone, these agents have
only a limited effect in prolonging the tolerable
period of organ anoxia, and their place in
hypothermic preservation has not been clearly
defined.
It is apparent that short-term preservation

of organs such as the kidney by methods which
are dependent on simple flush perfusion and
ice storage, while clinically useful at present,
fails to prevent progressive deterioration during
the period of storage. More precise definition
of the problems involved by study of low
temperature biochemistry and substrate
utilization will result in the presentation of
logical rather than empirical solutions, with
some extension of preservation times. However,
the limitations of anaerobic storage still prevent
the full achievement of the objectives of preser¬
vation.

Metabolic Maintenance

An alternative to inhibition of metabolic

activity may be provided by creation of an
environment as close to the physiological normal
as possible. Although there have been attempts
to provide such an environment by in-vivo
perfusion by using other animals or even
other species as intermediate hosts (Acker-
mann et alii, 1966), these have met with little
success, and this procedure is of no practical
value. Mechanical perfusion in vitro, on the
other hand, has been studied extensively, and
at present provides the most satisfactory method
for the storage of organs. Artificial perfusion
has been utilized by research workers in organ
physiology for over a century, and the tech¬
niques of such studies should be readily
adaptable to organ preservation. There are,
however, major difficulties in maintaining
organ viability with such circuits (Humphries.
1967), and it is apparent that the problems
of provision of adequate substrates for meta¬
bolism over prolonged periods at normal
temperatures are virtually insurmountable.
The greatest success in organ storage has been
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achieved when metabolic maintenance by per¬
fusion is combined with metabolic inhibition
by hypothermia (Belzer et alii, 1967). The
reduced metabolic requirement in such systems
is met by perfusing the isolated organ with
oxygenated fluid, but the optimal conditions for
organ perfusion have not been fully defined.
Much of the early success has been attributed
to empirical observations, many of which can
now be questioned.
For the most part, perfusion technology for

the preservation of kidneys has followed the
concepts introduced by Belzer and his col¬
leagues in 1967, with pulsatile flow, hypo¬
thermia in the range of 8° to i2°C, membrane
oxygenation, and the use of bicarbonate-
buffered cryoprecipitated plasma as a perfusate.
However, recent reports indicate that many
variations are compatible with equally success¬
ful preservation. These include continuous
rather than pulsatile flow (Collins and Halasz,
1974), simplification of pump design (Collins
et alii, 1973), hypothermia in the range of 4°
to 6°C (Hardie et alii, 1974), which allows ice
immersion rather than a complex heat exchange
system, variation in techniques of oxygenation
(Joyce and Proctor, 1974), and pH control by
substitution of a phosphate buffer (Collins et
alii, 1973). All these changes have greatly
reduced the complexity, bulk and expense of
the original apparatus, thus increasing the
possibility of widespread use of continuous
perfusion in organ storage.
Further difficulties are encountered in the

choice of perfusates for use in continuous hypo¬
thermic perfusion, and it is this field which
offers the greatest potential for further improve¬
ment as a result of studies of low-temperature
renal metabolism. Some of the problems in
utilization of amino acids and glucose have
already been discussed in relation to simple
hypothermic preservation. There is evidence
that fatty acids can be metabolized at io°C
by perfused kidneys (Huang et alii, 1971;
Horsburgh, 1973), but the optimal combina¬
tion of fatty acids and other substrates is
uncertain, and their metabolism at even lower
temperatures has not been defined. Plasma
was initially utilized as a perfusate because of
the expected presence of many substrates nor¬
mally utilized by the kidney, but the expense
and difficulties in its preparation (Collins et
alii, 1973; Hardie et alii, 1974), and the
Aust. N.Z. J. Surg., Vol. 46 — No. 1, February, 1976

potential risk of hepatitis transmission, led to
studies of albumin and other plasma protein
fractions as substitutes ( Johnson et alii, 1972;
Claes et alii, 1972; Collins et alii, 1973).
Results with the simplified solutions, as with
Belzer's original cryoprecipitated plasma, have
given satisfactory results with preservation for
up to 72 hours in experimental studies, but
again, many of the developments have been
undertaken on a somewhat empirical basis.
Precise studies of utilization of substrates such
as glucose, acetate, pyruvate and lactate, and
amino and fatty acids, which are known to be
metabolized at 37°C (Weidmann and Krebs,
1969), must be undertaken if the present
medium-term preservation for a matter of days
is to be carried out more effectively, and if
the period of preservation is to be extended.
It is clear that continuous hypothermic

perfusion satisfies many of the requirements of
kidney preservation, and provides time for
many of the studies which should be under¬
taken before cadaveric transplantation. Per¬
fusion programmes for clinical renal transplan¬
tation are operating successfully in the United
States of America (Belzer and Kountz, 1970;
Moore et alii, 1972), in Europe (Claes et alii,
1972) and in Australia (Scott et alii, 1974),
and have proved to be of major benefit to both
patients and staff in such Units.
However, the relative immobility of the com¬

mercially available circuits restricts their use
to large centres of population, and even in
these centres the probability of a good tissue-
match for the recipients of cadaveric organs is
small (Abbott and Weinerth. 1971). If the
ideal of precise tissue-matching is to be
achieved, there must be some extension of the
regional cadaveric-sharing programmes based
on simple non-perfusion hypothermic preser¬
vation which are operating with limited success
in several parts of the world (Van Rood et
alii, 1971; Festenstein et alii, 1971; Tanaka
et alii, 1972; Clunie et alii, 1972). Simple
storage of this type has to be limited to
approximately 12 hours as previously indicated,
and although the recent development of portable
continuous perfusion systems (Claes et alii,
1972; Hardie et alii, 1974) may extend both
time and distance, a complete international
pool of both donor organs and recipients must
await a method of longer-term or even indefinite
preservation.
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Freezing

The technique which appears most likely to
achieve long-term preservation and enable the
establishment of an organ bank is freezing,
which represents the logical extension of hypo¬
thermia to produce total inhibition of metabolic
activity. Although it has been possible for
many years to freeze and thaw tissue cells
suspended in cryoprotective agents, with main¬
tenance of function, freezing of complex organs
such as the kidney was a total failure before
the recent reports of Dietzman and his col¬
leagues from the University of Minnesota
(Dietzman et alii, 1973; Rebelo et alii, 1974;
Dietzman et alii, 1974). The successful trans¬
plantation of canine kidneys after freezing to
-22 °C and later to -50°C is a significant
advance, even though a two-week recovery
period is required before function of the frozen
and thawed kidney is fully life-supporting.
Failure to achieve complete success with

cryopreservation can be attributed to a lack of
understanding of the physicochemical events
associated with the freezing and thawing of
cells and the organs of which they are a part.
A number of theories have been presented to
explain the mechanism of cell injury, but no
single postulate provides a full explanation of
freeze-thaw injury. The most widely accepted
theories are those of osmotic stress induced by
freezing (Farrant and Woolgar, 1972), and
actual physical damage caused by uncontrolled
ice-crystal formation (Luvet, 1970).
Problems which need definition are related

to toxicity of cryoprotective agents administered
to prevent freezing injury, freezing and thawing
rates, removal of cryoprotective agents,
vascular endothelial damage, and the specific
requirements of different cell types. Previous
failures in freezing and thawing whole organs
may well have been related to the use of
cryoprotective methods which had been success¬
ful in preserving cells and thin tissue slices
with relatively large surface-to-volume ratios.
The very small surface-to-volume ratio of
solid organs, such as the kidney, necessitates
different techniques, and one of the most
critical problems is damage to the endothelial
linings of the microvasculature resulting in
vascular occlusion and cessation of perfusion.
It has been shown that meticulous surgical
technique is important in minimizing renal
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vascular and parenchymal trauma during the
preparation of the kidney for cryopreservation
(Rebelo et alii, 1974).
The ideal cryoprotective agent should

penetrate cells rapidly and uniformly without
undue osmotic stresses after perfusion through
the vasculature, effectively bind water intra-
cellularly to control the size and rate of ice
crystal formation (Rapatz and Luyet, 1968),
and be non-toxic. Glycerol appears to have
little toxicity, but has the disadvantage of slow
penetration (Meryman, 1971)1 whereas
dimethyl sulphoxide (DMSO) penetrates
rapidly and has been found superior to glycerol
for cryoprotection of the kidney (Dietzman
et alii, 1973). However, high concentrations of
these agents are needed, and tissue culture
studies have shown evidence of toxicity (Sell,
1972). Thus the concentration which can be
used is limited, but this limitation is tempera¬
ture-dependent and increases as the temperature
falls (Farrant, 1965). It therefore appears that
complex perfusion apparatus will be required
to increase progressively the concentration of
the cryoprotective agent throughout the cooling |
process (Sherwood and Flower, 1973),
although the temperature at which perfusion
becomes physically impossible is not yet clear.
General cryoprotectants alone, such as

DMSO, provide insufficient cellular protection
(Dietzman et alii, 1974), and additional
protection is required from specific cryopro¬
tectants such as the membrane-stabilizing
agents methyl prednisolone and isoproterenal,
as well as flurophenylalanine. which will con¬
trol the deleterious effects of any lysosomal
hydrolase enzymes which may be released
(Dietzman et alii, 1974). The concept of
specific cryoprotectants appears to be more
important in organs rich in lysosomes than in
single cell or thin tissue cryopreservation
(Rebelo et alii, 1974).
Freezing and thawing rates must be carefully

controlled, since each cell and each tissue has
its own optimal rate (Pegg, 1966). While the
rate of freezing must he relatively slow, at
about 6°C per minute for canine kidneys, rapid
thawing at 70°C per minute by microwave
radiation is required (Dietzman et alii, 1973,
1974) for subsequent organ function. However,
the recent finding that the survival of mouse
embryos frozen to -196° C required very slow
cooling rates of 0-3° to 2°C per minute and
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slow warming rates of 40 to 25 °C per minute
(Whittingham et alii, 1972) indicates that
considerable further investigation of this prob¬
lem in relation to complex organs is still
required.
Despite the recent advances which have led

to the successful restoration of renal function
after freezing, cryopreservation is still far
from perfect, and the establishment of an organ
bank is not yet feasible. The complexity of the
problems to be overcome in the freezing of
whole organs should not be minimized, since
the permutations of the parameters involved
are enormous. The optimizing of the cryo-
protectant and the different cooling and thawing
rates of different cells necessary to obtain
maximum survival will only be achieved when
answers are found to the questions of which
cryoprotectant is best, and at what concentra¬
tion, what temperature and pressure for the
perfusion, what rate for cooling and thawing
and what temperature for storage are most
satisfactory (Pegg, 1973)- The obvious
benefits of an organ bank require that much
effort must continue to be expended in this
important research area.
The achievements of workers, and more

particularly surgeons, in the field of organ
preservation should be clearly recognized.
Cadaveric kidney transplantation 011 the present
scale would have been impossible without their
basic investigations. There is a clear need for
further studies in association with biochemists,
cryobiologists and engineers.
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A SIMPLIFIED KIDNEY PRESERVATION SYSTEM: THE USE
OF HYPEROSMOLAR PERFUSATES FOR CONTINUOUS

PERFUSION PRESERVATION OF CANINE KIDNEYS

Glenda A. Balderson, Ian R. Hardie, Lizzi
Hamlyn and Gordon J. A. Clunie
Department of Surgery, University of
Queensland, Brisbane

Since the quality of renal preservation following simple ice storage is improved by the
use of hyperosmolar washout solutions, hyperosmolar perfusates were evaluated for
continuous perfusion preservation. Canine kidneys were preserved for 48 hours by
continuous perfusion at 5°C, using hyperosmolar cryoprecipltated plasma and 5%
albumin perfusates of osmolalities 397 to 430 mOsm/kg H„0. Hyperosmolar plasma
gave significantly better preservation than isosmolar plasma, but the results were
only marginally superior to those already obtainable with isosmolar albumin solution.
No further improvement in preservation by albumin perfusion was obtained with the
hyperosmolar formulations. Because isosmolar albumin solution is easier to prepare
than hyperosmolar cryoprecipitated plasma and gives comparable results, it remains

our perfusate of choice for continuous perfusion preservation.

Since Belzer et alii (1967) reported 72-hour
preservation of canine kidneys by continuous
perfusion with cryoprecipitated plasma at io°C
to i2°C, many studies have indicated that
variations in perfusion technology can give
equally successful preservation, but there has
been little improvement in the overall quality
of preservation. Altering the composition of
perfusates used for continuous perfusion is
therefore the most promising approach for
achieving better results.
Significant improvements have been shown,

both experimentally and clinically, following
variations in the composition of washout
solutions used prior to simple ice storage
preservation of kidneys (Hartley et alii, 1971 ;
Collins et alii, 1972). This effect is probably
related to the presence of osmotically active
components in the flush solution (Downes
et alii, 1973) which reduce cellular swelling

Reprints: G. A. Balderson, Department of Surgery,
University of Queensland, Clinical Sciences Building,
Royal Brisbane Hospital, Brisbane, Qld 4029.

due to ischsemia (Flores et alii, 1972). More
recently, flushing with hyperosmolar solutions
has extended the period of reliable preservation
of animal kidneys from 24-36 hours (Collins
et alii, 1972) to 48-72 hours (Sacks et alii,
1973; Hardie et alii, 1977).
It was therefore important to investigate the

use of hyperosmolar perfusates for continuous
perfusion preservation. This report presents
the results obtained by the use of hyperosmolar
formulations of cryoprecipitated plasma and
5% albumin solution for 48-hour continuous
hypothermic perfusion of canine kidneys.

Materials and Methods

Mongrel dogs weighing between 15 kg and
30 kg were anaesthetized with intravenous
sodium pentobarbitone (28 mg/kg body
weight). Adequate hydration and diuresis were
obtained prior to nephrectomy by administering
1000 ml of 0-45% sodium chloride containing
13 g of mannitol. The left kidney was removed
with minimal manipulation through a midline
incision, rapidly cooled by immersion in iced
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saline slush, and flushed with 150 ml of cold
Ringer's lactate solution to which was added
procaine hydrochloride (yo g/1), heparin
(5000 IU/1), and sodium bicarbonate as
required to bring the pH to 7-4. The kidney
was then weighed and placed on a continuous
perfusion system (Hardie et alii, 1974) at
5°C with a systolic pressure of 60 mm Hg
and 22 pulses per minute. Each batch of
perfusate was used for two consecutive per¬
fusions without intervening filtration or re-
sterilization of the circuit. Systolic and diastolic
pressures, flow rate, and arterial and venous
pH, p02, and pC02 (measured at 37°C) were
monitored at 1, 3, 24 and 48 hours. Perfusate
osmolality was measured, and the concentra¬
tion of glucose, free fatty acids, and electro¬
lytes was estimated at 1, 24, and 48 hours.
Two types of perfusate were investigated.

Cryoprecipitated pooled canine plasma was
prepared by a modification of the method
described by Belzer et alii (1967), using an
additional cycle of refreezing, cold thawing,
and cold filtration, to eliminate further cryo-
precipitate which became apparent with storage
at o°C (Collins et alii, 1973). This plasma had
an osmolality of 302 mOsm/kg HaO and was
the control perfusate. Hyperosmolar plasma
was prepared by the addition of either 140 ml
of 20% mannitol per litre (final osmolality
430 mOsm/kg H20) or 50 ml of 50% glucose
per litre (final osmolality 417 mOsm/kg HaO).
The second perfusate was a 5% human

albumin solution with an osmolality of 314
mOsm/kg H20 (Hardie et alii, 1974). This
solution was made hyperosmolar by the addition
of either 140 ml of 20% mannitol per litre
(final osmolality 430 mOsm/kg H20) or 30 ml
of 50% glucose per litre (final osmolality 397
mOsm/kg H20).
After 48 hours' perfusion, the kidney was

reweighed and reimplanted in the pelvis by
standard techniques, with immediate contra¬
lateral nephrectomy. Renal function was
assessed by daily estimation of serum creatinine
levels until return to normal values. Animals
becoming uraemic were killed, while survivors
were followed for up to 12 months. Full
autopsies were carried out, and sections from
the kidneys were examined histologically with
haematoxylin and eosin stain. The results in
surviving animals in the various groups were
analysed statistically by analysis of variance.

Results

1. Functional Data
The results are summarized in Table 1.

Plasma perfusion.—In the control group
(Group I) there were three uraemic deaths, and
in each case the kidney showed diffuse cortical
necrosis. The remaining six animals in this
group survived, the serum creatinine level rising
to a mean maximum of 0-65 mmol/1 (S.D.
o-io). There were no deaths in the group

Table i

Results of 48 Hours' Perjusion

Serum Creatinine

Group Perfusate Number Survivors Mea™±°S D
Maximum Day 3

I Plasma

(Control) 9 6 o-65±o- 10 o-62±o* 16
II Plasma+

Mannitol 5 5 o-3i±o-i2a 0*22±0* I2a
III Plasma -f

Glucose 8 5 o-35±o-ila o-20±o-03a
IV Albumin

(Control) 8 8 o-43±o-i5b o-36±o-i5b
V Albumin +

Mannitol 7 6 , -bo-42±o-i6 o-37±o-i7
VI Albumin+

Glucose 6 6 o-42±o-l3b 0 *35 ±0 • 14

a
— P<O'Oi when compared with Group i.
— P<o o5 when compared with Group i.

perfused with plasma/mannitol (Group II),
and the mean maximum serum creatinine level
was significantly lower than in the survivors of
the control group (P < o-oi). The three
ursemic deaths in the plasma/glucose group
(Group III) were due to technical failures:
two vascular thromboses and one ureteric
obstruction. The mean maximum serum

creatinine level of the surviving animals was
also significantly lower than in the control
group (P < o*oi), but was not significantly
different from that in Group II.
Albumin perfusion.—All the control animals

survived (Group IV), and the mean maximum
serum creatinine level was significantly lower
(P < 0-05) than in the survivors of the plasma
control group. One animal in Group V died
because of ureteric stenosis. The mean

maximum serum creatinine level in the
survivors was similar to that in Group VI, and
in neither was different from that in the control
group.
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There were also no significant differences in
maximum serum creatinine levels between the
hyperosmolar plasma groups (II and III),
and both isosmolar and hyperosmolar
albumin groups (IV, V and VI). The max¬
imum serum creatinine level in the surviving
animals of each experimental group occurred on
the first or second day after reimplantation.
Levels were falling by Day 3, and returned
in each case to less than 0-20 mmol/1 within
ten days. Recovery of renal function tended to
be more rapid in the two hyperosmolar plasma
groups (II and III), in which the Day 3 serum
creatinine levels were lower than in all three
albumin groups (IV, V, VI). However, this
difference did not reach statistical significance.

2. Perfusion Data
In all groups the flow increased significantly

during the first 24 hours of perfusion and
remained stable thereafter. Initial flow ranged
from 0-19 ml/g/min (S.D. 0-07) to 0-24
ml/g/min (S.D. 0-03), while final flows were
between 0-33 ml/g/min (S.D. 0-08) and
0-37 ml/g/min (S.D. 0-06). There were no
significant differences between the flow rates in
the two groups at 24 and 48 hours.

Table 2

Diastolic Pressure Changes during 48 Hours' Perfusion

Diastolic pressure (mm Hg)
Group

ih
Mean ± S.D.

24h 48h

I 6-5±2-8 6-o±i *8 6-7±2-1

II 4-2±O-8 4-o±o-7 4*o±i*oa
III 4"4±°'5 4'2±0'4 4*2±0'8

IV 4*i±i*9 3'+±I-9a 3-5±2-3A
V 2.5±I.2A,b,C 2-5±O-8A'B'C> 2.7±0.8A'b'°
VI 3-2±I-2A'C' 2-3±O-8A'B'C a-5±o-5A'B'C
A (a) — p<o-oi (0 05) compared with Group I.
B (b) — p<0-oi (0-05) compared with Group II.
C (°) — Pco-oi (0-05) compared with Group III.

The diastolic pressures (Table 2) tended to
fall over the first 24 hours of perfusion, remain¬
ing low for the remainder of the perfusion,
except in Group I. Comparison of these
pressures by the Mann Whitney test showed
that the trend to lower diastolic pressures with
hyperosmolar plasma (Groups II and III) than
with isosmolar plasma (Group I) led to a
significant difference in only one instance, the
plasma-mannitol group (II) at 48 hours. In

contrast, pressures in the hyperosmolar albumin
groups (V and VI) were significantly lower
than in all plasma groups (I, II, III) except in
one instance (VI versus II at one hour
measurement).
The weight changes measured in the kidneys

after 48 hours of perfusion are shown in
Table 3. The results were inconsistent, with
increases and decreases in all but Group V.
The largest increases occurred during per¬
fusions with albumin solutions (IV, V, VI).

Table 3

Weight Changes after 48 Hours' Perfusion

Group
No.

Weight changes (g/100 g initial weight)
Mean ± S.D.

Increase No. Decrease

I 3 3"°± 2-4 3 2-9±2'5
II 4 5*o± 3-5 1 4-i
III 4 5'8± 2-7 1 0-9
IV 7 i3*6±io-7 1 2-4
Va 5 n-o± 4-4
VI 5 n*6± 5-0 1 2-3

a
one showed no change.

Air used to drive the pump/oxygenator
maintained a mean arterial oxygen tension of
205-5 — 9'3 mm Hg, while the mean venous
oxygen tension was 142-2 ± 19-4 mm Hg. The
pH of the perfusate rose during the plasma
perfusions from an initial mean of 7-35 ± 0-06
to 7-47 ± 0-05 at 48 hours, and in the albumin
perfusates fell from an initial mean of 7-37 ±
0-03 to 7-25 ± 0-03. There were no significant
changes in the osmolality of the perfusates
during the course of perfusion. No significant
consumption of free fatty acid or glucose was
recorded.

Discussion
The majority of perfusion systems use

isosmolar perfusates of plasma, albumin, or
other plasma protein fractions, and there have
been few reports of the use of hyperosmolar
perfusates for continuous perfusion preserva¬
tion. Halasz and Collins (1974) reported
excellent results with hyperosmolar plasma and
albumin perfusates (380 mOsm/1), but Grund-
mann et alii (1972) found harmful effects with
an osmolarity above 400 mOsm/1 in plasma,
while Toledo-Pereyra et alii (1974) reported
no improvement with hyperosmolar silica gel
plasma fraction (405 mOsm/1). Our results
demonstrate the successful use of hyperosmolar
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plasma and albumin perfusates of osmolalities
between 397 and 430 mOsm/kg H2O. In
particular, we have shown a significant
improvement in the quality of preservation
obtained after perfusion at 5°C with hyper¬
osmolar as compared with isosmolar plasma.
The poor results obtained with isosmolar

plasma perfusate (Group I) may be related
to the lower temperature (4°-5°C) of the
preservation system (Hardie et alii, 1974). It
seems likely that at this temperature a combina¬
tion of incomplete removal of all insoluble
lipoid particles (Collins et alii, 1973) and
inactivation of cellular membrane ATPase
system (Martin et alii, 1972) results in some
degree of tissue cedema (Belzer et alii, 1968).
Since the systolic pressure is fixed at 60 mm
Hg throughout the perfusion, variations in
diastolic pressure and flow rate reflect changes
in vascular resistance, and cellular swelling
would result in higher diastolic pressure,
decreased flow rate, and weight gain. The
highest diastolic pressures were recorded
during perfusion with isosmolar plasma, and
these changes corresponded well with functional
results, the maximum serum creatinine level
being significantly higher in this group than
in all others. This finding suggests that the
improved preservation with hyperosmolar
plasma perfusates is due to a reduction of the
tissue oedema which develops during perfusion
with isosmolar plasma at this temperature.
However, some cedema formation would also
be expected from perfusion with isosmolar
albumin solution as a result of inactivation of
membrane ATPase, but good preservation was
obtained with this perfusate at 4°-5°C (Group
IV), and the difference remains unexplained.
Changes in flow rates did not show any

differences between the groups. It is of more
interest that the flow rates measured are lower
than most workers consider compatible with
good preservation, due to a slower pulse rate
(22 pulses per minute) than is used in most
other preservation systems (40 to 60 pulses
per minute). Joyce and Proctor (1974), using
non-pulsatile perfusion at 30 cm HoO with
isosmolar dextran/electrolyte perfusate, found
a flow of less than 0-25 ml/g/min incompatible
with function, while good function was found
in all kidneys with flows of 0-4 to 0-7 ml/g/min.
Grundmann et alii (1975) reported a flow
rate of o-8 ml/g/min, and a mean perfusion
pressure of 20 to 30 mm Hg gave optimal

preservation of dog kidneys perfused for 48
hours with isotonic albumin solution. However,
the flow rates used in the present study gave
excellent preservation and were more than
adequate to meet the oxygen requirements of
the perfused kidneys, since the mean arterial
oxygen tension of 205 mm Hg was only
reduced to 142 mm Hg in the venous effluent.
There was no consistent pattern in the weight

changes recorded. Grundmann et alii (1972)
reported decreases in the weights of kidneys
perfused with hyperosmolar plasma, while
Collins and Halasz (1974) found weight gains
of 30% to 51% in kidneys perfused for 72
hours with albumin and plasma perfusates of
osmolarity 380 mOsm/1. The fact that the
highest weight gains found were in the kidneys
perfused with albumin, in which the lowest
diastolic pressures were measured, illustrates
the inadequacy of weight changes as an
indicator of postreimplantation function.
Since mannitol may have a direct dilatory

effect on the renal vasculature at the con¬

centrations used in these perfusions (Lilien,
*973 )> >n addition to its osmotic action, it was
felt that it might offer some advantages over
glucose in preparing the hyperosmolar per¬
fusates. However, no differences in flow or
diastolic pressure were found between the
mannitol and glucose groups, both being equally
effective. On the other hand, there was the
possibility of glucose being utilized as a sub¬
strate by the perfused kidney, but no evidence
of this was detected, suggesting that the effect
of glucose was predominantly osmotic.
Although a definite beneficial effect has been

shown from the use of hyperosmolar plasma
solutions for 48-hour continuous perfusion of
canine kidneys at 3°C, plasma perfusate is time-
consuming to prepare and is associated with
problems such as the risk of hepatitis transmis¬
sion and immunological injury by plasma anti¬
bodies (Filo et alii, 1974). No specific
advantage was obtained with hyperosmolar
albumin solution, and the results with isosmolar
albumin were comparable with those obtained
with hyperosmolar plasma in respect of the
maximum serum creatinine levels. Recovery of
normal renal function by Day 10 suggests that
only moderate and rapidly reversible damage
had occurred in all kidneys, irrespective of the
perfusate used. In this respect, also, hyper¬
osmolar plasma gave no significant advantage
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over isosmolar albumin. Therefore, because of
its greater ease of preparation, isosmolar 5%
albumin solution remains our perfusate of
choice for continuous perfusion preservation.
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PRESERVA T/ON BYMA THEMA T/CAL ANAL YS/S
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These studies extended the observations in 88 and demonstrated

the value of a graphic plot of serum creatinine against time in determining

subsequent renal function following kidney preservation and

transplantation, allowing both classification into functional groups for

assessing the results of preservtion and the early determination of

technical problems and/or rejection where there is deviation from the

predicted slope in individual cases.



IMPROVED ASSESSMENT OF CADAVERIC RENAL PRESERVATION BY
MATHEMATICAL ANALYSIS OF EARLY GRAFT FUNCTION

The progressive development of methods for
the preservation of cadaver kidneys has led to
major improvement in early function after
transplantation, and immediate satisfactory
function can be expected in most of the
cases (1, 7). Several methods have been devised
for assessing renal function after transplanta¬
tion, including the number of dialyses required
during the first month (2), the time interval to
the onset of diuresis (6), and our own former
classification based on the time taken for the
serum creatinine to fall below 0.18 mmol/liter

(3). These have all proved unsatisfactory be¬
cause a significant proportion of kidneys could
not be properly classified when early rejection
or technical complications occurred.
We have therefore devised a moie precise

method which allows classification of function
in the immediate postoperative period before
complications can obscure the effects of preser¬
vation on renal function. The superiority of the
new mathematical analysis has been estab¬
lished by comparison with our former method of
classification in a series of 79 cadaver kidneys

301
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transplanted between October 1974 and August
1976.
The 43 donors were between 13 and 57 years

old. Death followed head injury or subarach¬
noid haemorrhage and was determined by prac¬
titioners not connected with the transplant
team. The patients had all been maintained on

respirators and were well hydrated. At the time
of respiratory arrest, all donors received hepa¬
rin (10,000 units i.v.), mannitol (25 g i.v.), and
most of them also received methylprednisolone
(1 g i.v.). After cardiac arrest, the kidneys were
removed individually through a transverse up¬
per abdominal incision, placed in iced saline
slush, and immediately flushed with 400 to 500
ml of Collin's solution C3 (4) rendered hyperos¬
molar by the addition of another 50 ml of 50%
glucose per liter of solution. The kidneys were
then placed in sterile plastic bags surrounded
by ice in polystyrene containers until the time
of reimplantation. Mean anoxia time (respira¬
tory to cardiac arrest) was 16.36 ± 7.65 min,
and the mean warm ischaemia time (cardiac
arrest to cooling) was 12.13 ± 4.87 min.
The mean total ischaemia time (cardiac ar¬

rest to revascularization) was 8.42 ± 5.93 hr,
with a range of 1.8 to 24.22 hr. Seven kidneys
were not transplanted because of anatomical
abnormalities or the lack of a suitable recipi¬
ent.

Renal function was assessed by a review of
serum creatinine levels in the recipients. The
initial serum sample for creatinine estimation
was taken at a recorded time immediately prior
to transplantation, and the regular daily sam¬
ple thereafter was taken at a fixed time for ease
of analysis.
Analysis of results by our former classifica¬

tion, based on the time taken for the recipient's
serum creatinine to fall to 0.18 mmol/liter, is
recorded in Table 1. Twenty of the 79 kidneys
could not be reviewed by this method because of
early rejection or technical complications, and
the exclusion of this number of kidneys empha¬
sizes the need for a more precise form of analy¬
sis.
We have previously reported that a plot of

serum creatinine on a logarithmic scale against
time after transplantation shows an initial lin¬
ear segment over the first 3 days (5). It there¬
fore seemed logical to determine whether calcu¬
lation of a line of best-fit by the method of least-
squares, and analysis of the slope of that line,

would allow separation of transplanted kidneys
into groups on the basis of initial function over
the first 3-day period.
When the log of absolute values of serum

creatinine was used, separation into functional
groups was not possible because of excessive
overlap in the lines of kidneys grouped by our
previous classification. Simple manipulation of
the data by plotting log (serum creatinine —0.1)
against time altered the slope of the line (see
Fig. 1), but not the correlation coefficient, and
allowed precise separation into functional
groups. Thus, the 27 grade A kidneys (see Ta¬
ble 1) had slopes ranging from —1.996 to
—0.726, the 11 grade B kidneys had a range of
slopes from —0.887 to -0.146, and the two grade
C kidneys had slopes less than —0.145. Of par¬
ticular interest are two grade B kidneys that
had slopes greater than —0.7. These kidneys

Table 1. Renal function after transplantation:
original classification of 79 kidneys
Grade" No.

A 27
B 11

C 2
D 19
E 0
R 20

" A, serum creatinine below 0.18 mmol/liter in 3
days, no dialysis; B, serum creatinine below 0.18
mmol/liter in 8 days, no dialysis; C, serum creati¬
nine below 0.18 mmol/liter eventually, no dialysis;
D, ATN requiring dialysis, eventual recovery; E, no
function; R, acute rejection or technical failure.

Time

Figure 1. Comparison of plot of log serum creati¬
nine and log (serum creatinine -0.1) against time
for a single transplanted kidney (r = 0.96 for both
lines).
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Hours

Figure 2. Plot of log (serum creatinine -0.1) against time: classification of grades A, B, and C by slope.

were implanted into recipients who had pre-

transplant serum creatinine levels of 1.2 and
1.4 mmol/liter, respectively. The grafts func¬
tioned well and the serum creatinine fell below
0.18 mmol/liter on the 4th day and not the 3rd,
only because of the high initial levels. If these
two kidneys are graded A, which seems justifia¬
ble because of their performance, there is no

overlap between grades A and B.
These results now allow redefinition of grade

A function as slopes greater than —0.7, grade B
as slopes ranging between —0.69 and —0.146,
and grade C as slopes less than -0.145 (Fig. 2).
The line separating B from C may need adjust¬
ment as more figures become available. A com¬

parison of the results obtained by the two meth¬
ods of classification is shown in Table 2. Of the
20 kidneys formerly graded R, 1 could now be
reclassified grade A, 11 as grade B, and four as
grade C. Only 4 grade R kidneys were still left
in this grade. One of these kidneys underwent
hyperacute rejection, requiring immediate ne-

Table 2. Renal function after transplantation:
comparison of original and new classification of 79

kidneys
Grade Original New

A 27 30 (2 B + 1 R)
B 11 20 (11 R)
C 2 6 (4 R)
D 19 19
R 20 4

phrectomy, and in the other 3 technical compli¬
cations occurred within the first 3 days.
This new method of mathematical analysis,

which reflects the effects of premortem and
warm ischaemic damage (5) and the method of
preservation on graft function, has largely
eliminated the deficiencies of previous methods
of assessing renal function after transplanta¬
tion. We suggest that this simple and precise
form of analysis should be adopted for the pres¬
entation of the results of clinical cadaveric kid¬

ney preservation to allow comparisons to be
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made between a variety of methods from differ¬
ent centres.
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EXTENDED ICE STORAGE OF CANINE KIDNEYS USING HYPEROSMOLAR COLLINS
SOLUTION

Simple ice storage after an initial washout
with solutions of intracellular composition is
now a well established technique for the experi¬
mental preservation of canine kidneys, but
time limitations in this technique tend to re¬
strict its clinical usefulness. Although we have
obtained excellent experimental results for 24-
hr ice storage after an initial washout with
Collins solution (5), attempts to extend this
period to 48 hr gave inconsistent preservation,
while several other groups have reported diffi¬
culties in obtaining even the shorter term pres¬
ervation by this method (2, 7, 9,11,12).
Further investigation of Collins solution is

clearly required. Variations in the electrolyte
composition of the basic Collins solution did not
improve the results for 24-hr preservation (5).
The osmotic action of several of the components
ofCollins solution appears to be as important as
the "intracellular" electrolyte composition in
improving the quality of preservation (6), and
several groups have suggested hyperosmolar
modifications (1, 6,10). Sacks' solution, of sim¬
ilar electrolyte composition but rendered hy¬
perosmolar (430 mOsmol/liter) by the addition
of mannitol, has allowed successful 72-hr ice
storage preservation (10) and has been shown
to be superior to Collins C2 solution for 24-hr
preservation of ischemically damaged canine
kidneys (8).
A series of modifications of hyperosmolar

Collins solution have therefore been investi¬

gated in an attempt to determine the factors
necessary for consistent 48-hr ice storage.
Mongrel dogs were anesthetized with sodium

pentobarbital, and one kidney was removed
with as little manipulation as possible. Ade¬
quate hydration and a brisk diuresis prior to
nephrectomy were ensured by the administra¬
tion of 1 liter of 0.45% sodium chloride contain¬

ing 12.5 g ofmannitol. On removal, the kidney
was placed in iced saline slush and immedi¬
ately flushed with 150 ml of the washout solu¬

tion under investigation. Warm ischemia time
averaged 1 min. After 48 hr of storage at 4 C in
iced saline slush, the kidney was reimplanted
by standard techniques in the iliac fossa with
immediate contralateral nephrectomy. Renal
function was assessed by daily estimation of
serum creatinine.
The washout solutions studied are shown in

Table 1. The results are recorded in Table 2.
Animals dying from technical failures were ex¬
cluded from the analysis. There was only one
survivor in a group of seven kidneys which
were flushed with standard Collins C3 solution.
In striking contrast, there were no uremic
deaths in any of the groups receiving kidneys
flushed with one of the hyperosmolar modifica-

Table 1. Composition of washout solutions

Group
Additives to Collins

solution C"

20% Manni¬
tol added
(per liter)

Osmolality
(mOsmol/
kg of H20)

1 H, G, P, M6 Nil 310
2 H, G, P, M 150 mi 425
3 H, G, P, - 160 ml 417
4 H, G, - M 160 ml 440
5 - 300 ml 398

" See Reference (3).
6 H, heparin (5,000 IU/liter); G, glucose (25 g/

liter); P, procaine (1 g/liter); and M, magnesium
sulfate (7.4 g/liter).

Table 2. Results following reimplantation after 48-
hr ice storage

Group
No.
of

dogs

Survi¬
vors

Nonsurvi-
vors

Serum creatinine (mg/100
ml)°

Maximum Day 3

1 7 1 6 (12.0) (9.8)
2 8 5 3 (TF)'' 7.6 ± 2.6 7.3 ± 2.9
3 8 8 0 8.6 ± 3.4 7.2 ± 2.1
4 7 6 1 (TF) 7.0 ± 2.4 6.3 ± 1.8
5 7 6 1 (TF) 11.2 ± 4.7 8.7 ± 2.2

" Results are given as mean ± 1 SD.
11 TF, technical failure.
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tions of Collins solution (groups 2, 3, 4, and 5).
All animals regained normal renal function
within 1 month of transplantation, although
the time taken for this to be achieved was

-longer in group 5 (Collins solution with no addi¬
tives) than in the other groups. These findings
suggest that the additives present in the flush¬
ing solutions in the other groups improve the
quality of preservation, although the results in
group 5 were not statistically significantly dif-
-ferent from those in the other groups. We were
unable to demonstrate a nephrotoxic effect of
-procaine as reported by Collins and Halasz (4),
there being no significant difference in the re¬
sults achieved in groups 2 and 4.
Ice storage preservation after a Collins C:i

solution flush was the standard method of pres¬
ervation in our clinical transplantation pro¬

gramme between 1970 and 1974, and allowed up
to 12 hr of storage of 124 cadaveric kidneys with
no case of primary nonfunction. Use of the hy¬
perosmolar formulation of C;l in the clinical
^programme has allowed the extension of the
period of successful ice storage preservation of
cadaver kidneys to 24 hr, and 67 kidneys have
now been successfully preserved using this so¬
lution in the past 18 months. Again there has
been no case of primary nonfunction of the
transplant.
Thus, in spite of the inevitable damage re¬

sulting from the process of death and the warm
ischemia after cardiac arrest prior to flushing
and ice storage, the clinical results support the
evidence of the experimental studies. We there¬
fore suggest that the use of hyperosmolar Col¬
lins solution offers definite advantages as com¬
pared with standard Collins solution in the
preservation of kidneys for transplantation.
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In the period from March 1970 to April 1978, 176
kidneys from 137 cadaver donors were ex¬
changed, on the basis of HLA matching,
between transplant centres throughout Aus¬
tralia and New Zealand. The kidneys were
preserved by simple ice storage or machine
perfusion, and transported by air in chipped
ice. Total ischaemia times ranged from 3-5 to
28 ■ 6 hours and immediate function occurred in
52% of cases. Graft survival was 62% at one

year, 51% at three years and 47% at five years,
the corresponding patient survival rates being
86%, 74% and 7.1%. An average of 1-4
antigens mismatched was achieved, and 59%
of recipients received kidneys with zero or one
antigen mismatched. These kidneys survived
better than those with two or more antigens
mismatched, the difference being 12% at one
year, and rising to more than 20% at five years.
The results confirm the practicability and
potential value of the Organ Sharing Scheme,
and indicate that effective sharing of kidneys
on the basis of zero HLA mismatches could

substantially improve the current success rate
of clinical cadaveric renal transplantation.

Soon after the establishment of cadaveric renal

transplantation in Australia and New Zealand, it
was recognised that some form of collaboration
between centres was necessary if adequate
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numbers of well matched cadaveric transplants
were to be carried out in the two countries. A

kidney sharing scheme was therefore set up, and
the initial review1, confirmed the practicability of
exchanging cadaveric kidneys over the great
distances involved, within time limitations of the
existing flush perfusion and ice storage
technique. The early results encouraged con¬
tinuation and expansion of the scheme and the
results of eight years experience are now
reported.

Materials and Methods

Early in 1970. The Australian and New Zealand renal
transplantation centres agreed to pool information about
potential recipients, in order to allow exchange of cadaveric
kidneys on the basis of tissue matching. Initiation of long¬
distance transportation was the prerogative of the donor
centre, since local conditions affecting both donors and
recipients could override apparent advantages of better
matches interstate. The Red Cross Blood Transfusion Service
Tissue Typing Laboratory in Sydney coordinated the
monthly circulation of a computer print-out giving details of
all potential recipients, and dispensed standard tissue-typing
sera. Sera from potential recipients were sent to each centre at
least every two months for use in direct cross-matching.
Kidneys for exchange were obtained only from donors

aged between five and 50 years who had received terminal
respirator support, had not suffered any sustained period of
hypotension, and had shown good urine production either
spontaneously or in response to mannitol in the hour before
death. This ensured that kidneys made available for interstate
transport were always of good quality. Details of the best-
matched recipient were obtained from the computer list and a
decision to undertake transport of the kidney was then made
after telephone conversations between donor and recipient
centres.

Uncertainty about the value of HLA matching in the mid
1970's led to a rationalisation of the scheme, and since 1974
exchange has been based on four criteria: a full house four
antigen identical match, a less well matched kidney suitable
for recipients with a high frequency of antibodies where the
chance of obtaining a well matched kidney locally was small,
kidneys suitable for recipients identified in the computer list
as being in urgent need of a transplant, and inability of the
donor centre to use the kidneys locally. The Brisbane group
based at the Princess Alexandra Hospital has acted as the co¬
ordinating and recording centre.
Nephrectomy was performed after cardiac arrest and the

kidneys immediately immersed in iced saline, before being
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flushed with one of four solutions—Collins Solution C32,
Tis-U-Sol (Travenol Laboratories). Rheomacrodex 10°,, in
saline (Pharmacia) plus standard plasma protein solution
(SPPS: Commonwealth Serum Laboratories), or Perfudex
(Pharmacia). The kidneys were then packed in a double
plastic bag in cold saline slush and placed in a polystyrene
container surrounded by chipped ice. Initially all organs were
stored by this technique, but since mid-1973 a number have
been preserved by machine perfusion on a Waters MOX-100
unit3, a simplified perfusion system4 (both using albumin
perfusate) or on a Belzer LI-400 machine5 using cryo-
precipitated plasma perfusate, prior to packaging in plastic
bags and ice for transportation. Donor lymph nodes and
spleen segments were sent with the kidneys to allow checking
of tissue typing and cross-matching in recipient centres.
Commercial air cargo services were used throughout.
The period from cardiac arrest to cooling of the kidney was

recorded as thewarm ischaemia time, the period from cooling
to revascularisation as the cold ischaemia time, and the sum

of these periods as the total ischaemia time. Details of time of
death, warm ischaemia time, vascular anatomy and perfusion
characteristics were given to the recipient centre by tele¬
phone, and copies of this information as well as details of
reimplantation and subsequent function were returned to the
co-ordinating centre. Reimplantation was carried out by
standard techniques and all patients received immuno¬
suppressive therapy with steroids and azathioprine. Anti-
lymphocyte globulin or external irradiation to the graft was
used in some centres. Post-operative function was monitored
by daily measurements of urine output and serum creatinine
levels. A diagnosis of rejection was based on an otherwise
unexplained deterioration of renal function, and in some
cases on inhibition of leucocyte migration6, the appearances
on renal biopsy, or the clinical response to anti-rejection
therapy.
Initial graft function was classified as inadequate if the

recipient required dialysis in the immediate post-operative
period, before spontaneous reduction in the serum creatinine
level began. Graft loss was dated from the time when loss of
renal function necessitated return to chronic haemodialysis,
or from the time of transplant nephrectomy. Death of the
patient from any cause was included as a graft loss. The

TABLE 1

Exchange of cadaveric kidneys for transplantation
in Australia and New Zealand

Number
Year exchanged

1970 (from March) 24
1971 25

1972 11

1973 28

1974 30

1975 8

1976 5

1977 17

1978 (to 31 October) 28

Total 176

duration ofgraft function and patient survival was computed
by life table analysis, and the significance of differences
between various subgroups was assessed by the log rank test.7

Results

In the eight years from March 1970 to October
1978, 176 kidneys from 137 donors were trans¬
ported for distances varying from 630 km
(Hobart to Melbourne) to 3355 km (Sydney to
Perth). Six kidneys were exchanged between
Brisbane or Sydney and New Zealand (2150 km).
The numbers of kidneys exchanged each year are
listed in Table 1. During this period 3176
transplant operations were carried out in Aus¬
tralia and New Zealand, the annual number
rising from 209 in 1970 to 365 in 1977. The
proportion exchanged averaged about 10% from
1970 to 1974, but decreased subsequently to
between 1 • 6% and 2 • 5%, although there was
some increase in the last two years. Twelve of the
transported kidneys were not used: one in 1973
because of pyelonephritis on biopsy; three in
1973, one each in 1974. 1977 and 1978 because
there was no suitable recipient in the receiving
centre; three in 1978 because of positive cross¬
match when checked by the receiving centre; and
two in 1974 were lost after a misunderstanding in
communications.

TABLE 2

Ischaemia times of transported kidneys

No. Mean ± SD Range

Warm ischaemia 99 19-6 + 9-9 min 7-45 min

Total ischaemia

All kidneys 99 10-8±6-4 hrs 3 • 5 -28 • 6 hrs

Ice storage 84 8-7 + 4- 1 hrs 3-5-26-4 hrs

Machine 15 22-3 + 4-6 hrs 12-8-28 • 6 hrs

Ischaemia times were recorded in 99 cases and
are summarised in Table 2. No non-viable

kidneys were transplanted. Immediate graft
function was sufficient to avoid dialysis in 85 of
the 163 (52%) for which information was
available. Simple ice storage gave satisfactory
immediate function in 53% (62/117) of cases,
compared to 46% of kidneys (11 /24) preserved by
mixed machine perfusion and ice storage. The
most frequently used flush solution for ice
storage was Collins Solution, which gave im-
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FIGURE 1. Life tables showing duration of function of
transported kidneys, and survival of the recipients of these
kidneys. The numbers indicate the number still
functioning, or alive and under observation at entry and
annually thereafter.

mediate function in 61% of kidneys (35/57),
compared with 45% of kidneys (27/60) stored
after flushing with the other three solutions
(X2 = 3-16, df= 1, 0-05 <P< 0-10).
Graft survival (Fig. 1) was 62-0% at one year,

and decreased progressively to 51 -2% at three
years, 46-9% at five years and 35-5% at seven
years. Rejection was the major cause for the loss
of kidneys, acute rejection occurring in 26 and
chronic rejection in 28, a total of 54 of the 87
kidneys lost (62%). Five grafts were lost because
of vascular thrombosis and one from recurrence

of the original recipient disease, while 27 (31%)
were lost when the patient died with a functional
graft. Nineteen other patients died after
returning to maintenance dialysis following loss
of their graft. The causes of death are shown in
Table 3. Overall patient survival (Fig. 1) was 86%
at one year, 74% at three years and 71% at five
years.

Despite the intention of choosing recipients on
the basis of the best available match, complete
HLA identity for four antigens was achieved on

only five occasions, and in three of these the
kidney was lost within two weeks because of

TABLE 3

Cause of death in recipients of interstate kidneys

Number of patients
With

functioning After
graft nephrectomy TotalCause of death

Myocardial infarction 10
Other cardiac disease 6

Cerebrovascular accident 3

Ruptured aortic aneurysm 1
Infection 4

Uraemia from graft failure 0

Malignant disease 3
Pancreatitis 0

DIC 0

Unrecorded 0

13

7

4

1

9

4

3

1

1

3

27 19 46

rejection. However, in 30 cases there were no
mis-matches and in a further 61 only one mis¬
match was present, making 59% of all trans¬
plants in these two categories. Two mis-matches
occurred in 46 cases, three in 13 cases and four in
five cases, while in nine cases the tissue typing
was not available. The average mis-match was
1 • 37 antigens per transplant. Analysis of graft
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FIGURE 2. Life tables showing graft survival after
different grades of HLA matching. The numbers indicate
the number still functioning and under observation at entry
and annually thereafter.
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survival in relation to the number of HLA

incompatibilities present was carried out after
grouping kidneys with two, three or four mis¬
matches because there was no difference between
these three groups and the small numbers
precluded individual comparison with the other
groups. There was better survival with fewer
incompatibilities (Fig. 2), and this difference had
reached 12% at one year, rising to 22% at two
years and 25% at five years. Chi-square test for
trend7 yielded 3-55; (df =1; 0-05 < P < 0-10).
Results of zero and one nris-match were similar
and combination of these for direct comparison
with the two, three and four mis-match group by
the log rank test gave ^2=4-14; df = 1;
R < 0 - 05.

Discussion

Although intercontinental international ex¬

change of kidneys has been possible experi¬
mentally2 and in isolated clinical reports8, the
majority of the organ sharing schemes currently
operating are centred around much smaller
regions. The four major organ exchange
organisations in Europe (Eurotransplant,
Francetransplant, Scandiatransplant and the
London Transplant Group) involve distances
and flight times which are frequently much
shorter than those required in Australia and New
Zealand, while the National Transplant Com¬
munications Network in America9 is the only
scheme involving exchanges over potentially
greater distances. The results ofkidney sharing in
Australia and New Zealand demonstrate that
within time limits of current preservation tech¬
niques it is possible to transport kidneys between
widely separated centres to well matched
recipients without jeopardising post-operative
renal function or graft viability. The successful
use of the technique of initial flush followed by
ice storage is particularly encouraging in view of
the simplicity and convenience of this
preservation technique for transportation.
The 48% incidence of dialysis for acute tubular

necrosis (ATN) in this series of transported
kidneys was comparable to the function of
kidneys used locally by individual Australian
centres. Marshall and his colleagues in Mel¬
bourne10 had 40% and 45% ATN after ice
storage and machine perfusion respectively,

while the Sydney team of Sheil and his
associates3 found 42% ATN with both tech¬
niques. The Brisbane Unit, has reported 26%
ATN after ice storage of276 kidneys flushed with
Collins Solution.11 Thus the transported kidneys
showed only minimal disadvantage in respect of
initial function, compared to locally used organs.
Similar results reported by other organ sharing
schemes12'13 -15 -16 also demonstrate that sharing
kidneys does not have a deleterious effect on

transplant results and the argument that sharing
might cause enough renal damage to obliterate
the benefits of improved matching8 can no longer
be sustained.
Detailed comparisons between the functional

results of the present series, and those of other
sharing schemes is difficult because in most
American and European schemes themajority of
kidneys are obtained from heartbeating
cadavers, with minimal warm ischaemia. In
contrast, cadaveric kidneys in this series were
removed only after cardiac arrest and the
resultant warm ischaemia averaged 19 minutes.
The absence of non-viable kidneys is therefore
encouraging, while the incidence of ATN com¬

pares favourably with the 48% and 47%
incidence reported by the New England Inter-
hospital Organ Bank12 and the Kansas-
Missouri Kidney Retrieval Program1 respec¬

tively, in both of which 70% or more of the
kidneys were obtained from heart-beating
cadavers.
Kreis and his co-workers in Paris14 have

reported an overall ATN incidence of 34% in 225
kidneys from heart-beating cadavers stored in
Collins Solution, but the use of frusemide
pretreatment of recipients reduced ATN from
54% in the group without this therapy, to 21%.
Since the group without frusemide was similar to
kidneys transported in Australasia, the com¬
parable initial function in the two series (46% and
53%, respectively) suggests that warm ischaemia
averaging 19 minutes had little deleterious effect
on initial function of the latter series in which

heart-beating cadavers were not used. The even
lower ATN incidence of 39% in kidneys stored
after flushing with Collins Solution in the present
series provides a further demonstration of the
efficacy of this flush solution and storage
technique.
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These results also emphasise the importance of
careful donor assessment and terminal care, as

well as expeditious nephrectomy, in ensuring
good quality kidneys with ischaemia times as
short as practicable. Despite the quality of
current preservation techniques, and the
provision of adequate time for transportation,
there is no place for unnecessary delay in
reimplantation, since in general terms, the earlier
a kidney is revascularised the better the early
functional results are likely to be.
Since the aim of sharing kidneys was to

improve the quality of donor/recipient matching
and to ensure optimal utilisation of available
organs, success of the scheme depended on the
achievement of satisfactory survival rates for
both grafts and patients. Graft survival (Fig. 1)
was better than the Australasian average of 57%
at one year, 48% at three years and 42% at five
years20, and exceeded the results of the 13th
Report of the Human Renal Transplant
Registry21 by 16%, 11% and 12% at these
respective time intervals. The figures were com¬

parable to those reported by best American
centres, such as the San Francisco Unit of
Salvatierra and his associates22, where the graft
survival was 62%, 44% and 40% at these three
time intervals. Patient survival (86% at one year,

74% at three years and 71% at five years) also
exceeded both the Australian average (71%, 62%
and 55% respectively)20 and the Registry figures
(72%, 61% and 51% respectively)21 but fell short
of the outstanding San Francisco results (87%,
80% and 76%).18 By these criteria the sharing of
kidneys in Australia and New Zealand has been
encouragingly successful.

Recent European reports leave no doubt that
better HLA matching improves cadaver kidney
graft prognosis16,23 although American results
remain equivocal.15,22'24 Analysis of the Aus¬
tralian and New Zealand transported kidneys
was necessarily limited by the small numbers of
poorly matched kidneys in the series, but showed
a significant difference in survival between grafts
with zero or one antigen mis-match, and those
with two or more antigens mis-matched. These
results give further support to the value of HLA
matching, but leave little room for complacency
with an average mis-match of 1 ■ 37 antigens and
only 59% of transported kidneys achieving zero

or one antigen mis-match. Sharing kidneys on
the scale which is achieved in America9, to extend
even this quality of matching to the other 95% of
cadaver transplants performed in Australia and
New Zealand, could thus be expected to improve
results, and further improvement in matching
quality would lead to substantially increased
graft survival.
The development of serological typing for the

HLA-D locus16 offers the possibility of more
accurate matching of cadaver donors and
potential recipients, but also substantially
increases the size of the recipient pool necessary
to obtain such highly matched transplants. The
value of kidney sharing in improving matching
and, as a result, graft survival, is now well
established, and there is clearly an urgent need
for greater co-operation to expand existing
organ sharing schemes. Effective sharing of
kidneys is essential if the ideal of providing
completely compatible kidneys to recipients in a
national (or international) pool is to be achieved.
In this way, the results of renal transplantation
may once again improve after a decade of
stagnation.
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Summary: The detection of immune complexes of
different immunoglobulin class. J. W. Quin, J. A.
Charlesworth and G. J. Macdonald. Aust. N.Z. J.
Med., 1979, 9, pp. 644-649.

Immune complexes were detected in 51 sera
from patients with a variety of immunological
diseases: 14 systemic lupus erythematosus
(SLE); 14 infectious mononucleosis (IM); 12
rheumatoid arthritis (RA) and 11 subacute
bacterial endocarditis (SBE). Three methods
were used to detect complexes: the fluid—
phase Clq binding assay (Clq.BA); the solid—
phase Clq binding assay (Clq.SP) and the Raji
cell radio-immunoassay (RIA). Modification of
the Clq.SP and the Raji cell RIA by use of
monospecific antisera to immunoglobulins G,
A and M enabled the class of antibody in the
immune complexes to be determined. Anti-
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bodies of all three classes were found in each

disease, the predominant ones being IgG and
IgM in SLE and SBE, IgM and IgA in RA and
IgM in IM.

An increasing number of human diseases are

being proposed to have an immune complex
aetiology. These proposals arise from
observations made on specific tissues, usually
with the aid of immunofluorescence microscopy,
and from phenomena in serum that are inter¬
preted as indicating the presence of such
complexes in the circulation. In recent years
various methods have been introduced to explore
this latter aspect.1-8 Most of these techniques
depend on the assumption that tissue-damaging
complexes involve IgG antibodies and/or
activate the complement system. Indeed,
measurement of complement components has
been used widely as a means of demonstrating
serum immune complex activity.
With recognition of their importance in the

pathogenesis of disease, the accurate detection of
circulating immune complexes may become an
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9. Ice storage of human cadaveric
kidneys: function of 276 kidneys
stored after flushing with Collins'
solution

I. R. HARDIE, G. A. BALDERSON, L. C.J. HARTLEY
and G.J. A.CLUNIE

Reliable preservation is of fundamental importance in clinical cadaveric kidney
transplantation, not only to provide adequate time for all the necessary prepar¬
ations, but also to consistently give immediate graft function to obviate the need
for post-transplant dialysis. In achieving these goals, the simplest technique will
clearly have the widest application, and thus the technique of initial flush perfusion
followed by ice storage is singularly attractive.

Reservations have been expressed, however, about the clinical usefulness of this
technique for anything longer than very short term preservation when cadaveric
kidneys have been removed after cardiac arrest, since experimental results of
storage after equivalent periods of warm ischaemia have been inferior to those
obtained with the more complicated perfusion techniques (Frost et al, 1970;
Belzer, 1974). Nevertheless, initial clinical experience suggested that longer storage
times could be achieved with simple hypothermic preservation (Hartley et al, 1971;
Tanaka et al, 1971), and this paper reports the successful application of this tech¬
nique in 24-hour storage of human cadaveric kidneys, based on a large series in one
centre, with a standardised protocol.

Materials and methods

Renal transplantation commenced in Brisbane in September 1969, and the first
four kidneys were stored only briefly in ice following initial flush with Ringer's
lactate solution. In February 1970 Collins' solution was introduced (Collins et al,
1971), and in the subsequent period to December 1977, 306 kidneys from 175
donors were preserved after an initial flush with this solution. The majority (276)
were stored by simple hypothermia and are the subject of this report, while the
remaining 30 kidneys, which were preserved by continuous hypothermic perfusion,
will not be further considered at this time.

Standardised protocols for donor care, nephrectomy and preservation were used.
The donors, aged between 2 and 66 years, had sustained irreversible brain damage
as a result of motor vehicle accidents, bullet wounds, cerebral haemorrhage or post
traumatic fat embolism. Decisions regarding treatment of potential donors and the
final decision to withdraw respirator support were taken by the usual attending
physician, independently of the transplant team. All donors had ventilatory support
during their terminal illnesses and received appropriate intravenous fluids to main¬
tain adequate circulation and urine output. Terminal hypotension was not regarded
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as a contra-indication to the use of the kidneys as long as a good urine flow had
been maintained or had occurred in response to mannitol. Immediately prior to
respiratory arrest, donors received heparin (20,000 IU) and mannitol (20g) intra¬
venously. A small number early in the series also received phenoxybenzamine
(lOOmg) intravenously, and since February 1975 methylprednisolone (l.Og) has
been given intravenously to all donors except those in peripheral country hospitals.
Donor nephrectomy was begun after cardiac arrest, and was carried out in an

operating theatre under aseptic conditions by one or more of the surgeons in the
transplant team. The only exceptions were four kidneys from two donors in a
peripheral country hospital, when the nephrectomy was performed by a local
surgeon. The kidneys were removed individually through a transverse epigastric
incision, taking a cuff of aorta in cases in which there were multiple arteries.
After removal the kidneys were immediately immersed in iced saline slush, and

then perfused with about 400 ml of cold Collins C3 solution from a height of 1
metre. The composition of C3 is shown in Table 9.1. Initially the solution was
prepared locally, but since June 1974 a commercial preparation has been used
(Electrolyte Solution for Kidney Preservation, No. 5A 7810, Travenol Laboratories
Inc., Deerfield, Illinois 60015, U.S.A.). Additives were combined with the cooled
solution immediately before use to avoid precipitation of magnesium phosphates,
and standard C3 required final filtration through a sintered glass filter to remove
any particulate matter. The hyperosmolar formulation (Hardie et al, 1977), with
its lower magnesium content and consequent lack of precipitation problems, did
not require filtration. Standard C3 was used for the first 141 kidneys, 122 of which
were then stored in ice, while hyperosmolar C3 (H0C3), introduced in October
1974, has been used for the last 165, 154 of which were stored in ice. Most kidneys
perfused rapidly with the C3 solution and the venous effluent cleared quickly.
Kidneys which perfused slowly were given additional volumes of perfusate to clear
the cortex of blood. After perfusion each kidney was packed in iced saline slush
within two sterile plastic bags and placed in chipped ice in a styrofoam container.

The time from the final respiratory arrest to cardiac arrest of the donor was
recorded as the anoxia time, and that from cardiac arrest until the kidney was
first immersed in iced saline as the warm ischaemia time. The ensuing period until
the moment of re-vascularization in the recipient was recorded as the cold isch¬
aemia time, and included the period of vascular anastomosis. Histocompatibility
testing was performed on peripheral lymphocytes or lymph nodes removed at the
time of nephrectomy, and preceded transplantation in every case, allowing selection
of recipients on the basis of histocompatibility. Both kidneys from each donor
were used unless the lack of a suitable recipient, abnormal vascular anatomy or

inadequate cold perfusion rendered the kidney unsuitable for transplantation. Two
hundred and thirty kidneys were used locally, and the remaining 46 transported by
commercial jet cargo service to other centres in Australia and New Zealand. Trans¬
plantation was carried out by standard techniques, and recipients were treated by
a standard immunosuppressive regimen with high dose steroids and azathioprine.

Post-operative graft function was followed by daily measurements of urine out¬
put and serum creatinine. Classification of graft function was initially achieved on
the basis of the time taken for the recipient serum creatinine to fall to a level of
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Table 9.1 Composition of Collins'solution C3

The solution contains KH2PO4 (2.05 g/1), K2HPO4 (9.70 g/1),
KC1 (1.12 g/1), NaHC03 (0.84 g/1) in distilled deionised water.
Before use it is cooled and the following components added in
the amounts shown: MgSC>4.7H20, 50% (w/v); glucose 50%
(w/v); procaine, 10% (w/v); heparin (5000 IU/1).

COMPONENT CONCENTRATION (m.mol l"1)
C3 HOC3

Na+ 10 9.5

K + 115 110

HP04 = , H2PO4- 58 55

ci- 15 14

HCO3- 10 9.5

Additives MgSC>4 30 10

glucose 139 278

procaine (1 .Ogl"1) 4 4

Osmolarity mOsm kg-1 320-330 425-435

pH (37°C) 7.05-7.15 7.10-7.15

0.18m.mol 1-1 (2.0mg dl"l) (Hartley et al, 1971). However, difficulties were
encountered when early rejection or technical complications occurred before the
serum creatinine had reached the critical level. This led to the development of a
more precise classification (Gough et al, 1977) based on the linear relationship
which had been identified in a plot of (serum creatinine in mmol l'l - 0.1) on a
logarithmic scale against time after transplantation (Collins et al, 1971). Analysis
of the slope of this plot, calculated by the method of least squares, allowed separ¬
ation of transplanted kidneys into groups on the basis of initial function over the
first three day period. Kidneys with a slope greater than - 0.600 were classified
grade A; those with a slope from - 0.599 to - 0.200, grade B; those with a slope of
- 0.199 and less, grade C. When dialysis was required because of poor function the
kidney was classified grade D (slopes between +0.005 and +0.260), while those
with primary non-function were grade E, and those in which no assessment of
function could be made because of hyperacute rejection or early technical com¬
plications were classified grade R.

Results

Total storage time for the 122 C3 kidneys ranged from 1.8 to 18.7 hours, with a
mean of 6.5 (SD 3.1) hours. Nine (7.5%) were stored for longer than 12 hours.
Total storage times in the HOC3 group tended to be longer, with a range from 2.2
to 24.4 hours, the mean being 10.2 (SD 6.6) hours. In this group, 54 of the 154
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kidneys (35%) were stored for longer than 12 hours. Warm ischaemia times,
however, were similar in the two groups. Anoxia times ranged from 3 to 40 minutes
with means of 15.5 (S D 6.0) minutes in the C3 group and 16.0 (S D 7.2) for
HOC3 kidneys. Warm ischaemia ranged from 4 to 34 minutes, the mean being 14.2
(S D 4.7) minutes for C3 kidneys, 13.2 (S D 6.2) minutes for HOC3 kidneys, and
13.6 (S D 5.6) minutes for all kidneys. The mean anoxia plus warm ischaemia time
for C3 kidneys was 29.4 (S D 7.2) minutes, and for HOC3 kidneys 29.3 (S D 9.3)
minutes.

Early graft function is summarised in Table 9.2. Ten kidneys were unable to be
analysed, even with the new method, because of hyperacute rejection (3) and early
technical complications (7). No case of primary non-function occurred. The overall
incidence of dialysis for poor early function was 26%, with an incidence of 23% of
C3 and 29% of HOC3 kidneys, there being no significant difference between the
two groups. However, analysis of kidneys stored for longer than 12 hours showed
a marked increase in the proportion requiring dialysis, to 78% (7/9) of C3 and
46% (25/54) of HOC3 kidneys stored longer than 12 hours, but still with no

significant difference between the two groups (X2 = 3.06, 0.05 CP <0.10). In
contrast, kidneys stored for less than 12 hours required dialysis in only 18% (20/
110) and 10% (18/93) respectively of the C3 and HOC3 groups. The dialysis
incidences for kidneys stored less than or more than 12 hours were significantly
different (for C3:X2= 16.87,PC0.001;for HOC3: X2 = 11.97, PC 0.001).

Table 9.2 Early graft function.

Functional gradings of kidneys transplanted after ice storage with C3 or HOC3.
Grades were defined according to the slope of a plot of log (serum creatinine
- 0.1) versus time over the first three post-transplant days, where A = slope greater
than - 0.600, B = slope between - 0.599 and - 0.200, C = slope of - 0.199 and less,
D indicates dialysis was required and R includes kidneys unable to be classified.

Functional
Grade

Number of Kidneys
C3(l 22) HOC3(154) Total (276)

A 25 17 42

B 38 44 82

C 29 43 72

D 27 43 70

R 3 7 10

The recovery of kidneys dialysed because of poor early function is shown in
Table 9.3. There was no significant difference in the number of dialyses required
for C3 and HOC3 kidneys (Mann-Whitney test, z =-1.49, P = 0.068), but the day
of last dialysis was significantly earlier for HOC3 than for C3 kidneys (Mann-
Whitney test, z =-2.40, P = 0.008). However, when only kidneys stored for more
than 12 hours were considered, the HOC3 group required both significantly fewer
dialyses and a shorter period of dialysis than C3 group (Mann-Whitney test, z =
- 1.76, P = 0.039 for number of dialyses; z =-2.25, P = 0.012 for day of last
dialysis).
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Table 9.3 Recovery of function after dialysis.

Number of dialyses required and day of last dialysis for recipients of grade D
kidneys which had acute tubular necrosis with poor early function requiring
dialysis.

C3 Kidneys HOC3 Kidneys
mean — S.D. (No.)

Number of dialyses

All kidneys 5—3 (27) 4 ± 3 (43)

Stored over 1 2 hrs. 00 1+ u> -J 4 ±3 (26)

Day of last dialysis

All kidneys 1+ o to -J 9 ± 6 (43)

Stored over 12 hrs. 17 — 8 (7) 9 ± 7 (26)

The influence of ischaemia times on initial graft function of all kidneys is shown
in Table 9.4. Despite the trend towards longer anoxia, anoxia and warm ischaemia
cold ischaemia and total ischaemia times in the group dialysed because of poor
early function, these differences were not statistically significant. Similarly, there
were no differences between the C3 and HOC3 groups in either the pattern of
results or the times for the various grades of function. The presence of hypotension
in the donor, the use of vasoconstrictor agents to treat hypotension or diabetes
insipidus, and methylprednisolone pretreatment all showed no significant relation¬
ship to initial graft function. Donor kidney factors such as the presence ofmultiple
arteries or an abnormality on biopsy taken at the time of revascularisation also
failed to correlate with the initial functional grades. Function of kidneys sent inter¬
state was similar to those used locally.

Table 9.4 Ischaemia times and graft function.

Ischaemia times for all kidneys, both C3 and HOC3 in each functional grade,
showing mean - S.D.

Ischaemia time Functional grade

A&B (124) C (72) D (70)

Anoxia (mins) 15.0 d 6.0 15.5 ± 6.2 17.1 ± 7.4

Warm (mins) 12.9 — 6.9 14.4 ± 6.3 14.8 ±5.9

Anoxia & Warm (mins) 27.7 -7.0 29.7 ± 9.2 31.7 ±9.9
Cold (hours) 6.7 -±4.5 8.5 ±5.8 11.1 ±6.4
Total (hours) 7.0 ±3.6 OO 00 1+ NO 11.3 - 6.3

Longer term function was studied to assess the influence of early function on the
ultimate fate of the kidney. There was a significantly greater failure rate at 1 month
and 1 year in the kidneys dialysed because of poor early function. At one month,
16 of the 70 kidneys (23%) in which poor early function necessitated dialysis had
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failed, compared with 22/196 (11%) of those not requiring dialysis, and this differ¬
ence was significant (X^ = 5.78, df = 1, P< 0.05). Similarly, at one year 40 of the
70 (57%) grade D kidneys had failed whereas only 83/196 (42%) in the three grades
with adequate initial function were no longer functioning (X^ = 4.54, df = 1, P<
0.05).

Discussion

Experimental results have clearly established the efficacy of ice storage after flush¬
ing with Collins 'intracellular' solution for up to 48-hours renal preservation in the
absence of ischaemic damage (Halasz and Collins, 1976; Hardie et al, 1977).
Unfortunately, this technique has been less successful experimentally in the pre¬
sence of ischaemic damage (Belzer 1974; Halasz and Collins, 1976), thus raising
doubts about whether in clinical practice it could really provide both adequate
storage and immediate function. Early multicentre reports (Tanaka et al, 1971;
Collaborative Study, 1972), suggested that extension of storage times was possible
but full confirmation of this has awaited accumulation of substantial experience
in a single centre. Our results indicate that reliable 24-hour preservation of isch-
aemically damaged cadaveric kidneys can be achieved without unduly compromis¬
ing early graft function. In practical terms, this period of storage was sufficient to
meet all requirements, including histocompatibility testing, interstate transport¬
ation of the kidneys and recipient preparation, and the overall dialysis rate for
poor early function was acceptably low.

Time limitations inherent in this technique may therefore have been interpreted
too restrictively, thus counteracting the advantages of simplicity and inexpensive-
ness. The suggestion by Hall et al (1975) that total storage should not exceed 12
hours, even with warm ischaemia times less than 20 minutes, is relevant for kidneys
flushed with dextran solutions, but in our experience does not apply when Collins'
solution is used, since the majority of kidneys had warm ischaemia times between
10 and 20 minutes (mean 13.6, SD 5.6 minutes) and good early function occurred
with storage times greater than 12 hours. Lefkkegaard (1977) has reported a 46%
(19/41) incidence of acute tubular necrosis (ATN) requiring dialysis in cadaveric
kidneys stored between 12 and 30 hours after flushing with Collins' solution, but
many of these kidneys were obtained from heart-beating cadavers. It is therefore
of interest that both the warm ischaemia (range 0-35 minutes, mean 15 minutes)
and the dialysis incidence were similar to our series in which kidneys were removed
only after cardiac arrest. In another series of kidneys from heart-beating cadavers,
Diethelm et al (1976) found ATN in 4 of 6 kidneys stored longer than 20 hours
after C2-flush but all 12 stored less than 19 hours functioned immediately.
Although these numbers are small, the incidence of ATN was comparable to the
47% incidence in our HOC3 kidneys, with ischaemic damage, stored longer than
12 hours, suggesting that warm ischaemia of less than 20 minutes has little in¬
fluence on immediate function and so does not represent a significant contra¬
indication to the use of ice storage for up to 24 hours.
No non-viable kidneys were transplanted in the present series and this further

emphasises the importance of sound terminal care of donors, together with short
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warm ischaemia times achieved by rapid but careful nephrectomy. These factors
have contributed to the overall quality of preservation and, together with the use
of HOC3, appear to be necessary for consistently satisfactory results.
When ATN did occur, recovery was more rapid in kidneys flushed with HOC3,

despite longer storage times. On average, only 4 dialyses over 9 days were required
by recipients of these kidneys and these figures compare favourably with an oliguric
phase averaging 14 days reported by Hall et al (1975) in nearly three-quarters of
kidneys flushed with dextran solutions in their series, despite equivalent warm
ischaemia times. Thus, even though storage with HOC3 for longer than 12 hours
is associated with an increased incidence of ATN requiring dialysis, viability is
well maintained and rapid recovery may be anticipated should ATN occur. The
clinical results confirm the superiority of hyperosmolar Collins' solution, demon¬
strated experimentally (Hardie et al, 1977), and support the concept of osmotically
active components being responsible for its effect in preservation.
Detailed comparison with results from other centres is difficult because of

widely differing classifications of graft function after preservation and transplant¬
ation. In many of our patients, the serum creatinine fell rapidly to normal levels,
only to rise, because of rejection in the second week, to levels requiring dialysis,
after which some recovered, while others required nephrectomy within the first
month. Thus the criteria of dialysis or failure in the first month used by Clark et al
(1973) is not a reliable index of early graft function and cannot adequately assess
the quality of preservation. The use of mathematical analysis of the slope of serum
creatinine reduction in the first three post-transplant days has provided a suitable
objective assessment which allows precise evaluation of the effects of ischaemic
damage and preservation technique. Adoption of such a technique for the present¬
ation of results of clinical cadaveric kidney preservation would facilitate compari¬
sons between a variety ofmethods from different centres.
The short term benefits of immediate graft function are readily apparent, but the

long term effect of immediate or delayed function on graft survival remains unclear.
Some reports (Williams et al, 1969; Kjellstand et al, 1975) have suggested that
kidneys with poor early function were just as successful in the long term as those
which functioned immediately. Conversely, Sheil et al (1971) and Whittaker et al
(1973) reported that delayed function was detrimental to long term graft survival,
and Davison et al (1977) have demonstrated reduced renal function, measured by
clearance and reabsorption studies, at one year in kidneys which had poor initial
function. Our experience supports the latter findings, indicating that although
overall graft failure at one month (14%), and one year (46%) was similar to that
reported by Clark et al (1973, 1974), there was a significantly lower survival at
both intervals in the group which required dialysis because of ATN. The reasons
for this are uncertain. Whittaker et al (1973) have suggested a deleterious effect of
complications could result from an overzealous use of investigative procedures in
assessing the cause of post-operative oliguria. Alternatively, it is possible that
damage associated with ATN may leave less reserve of nephrons to maintain
function after rejection damage, thus rendering the kidney more liable to early
failure. In any case, this finding adds further justification to the need to keep warm
ischaemia and storage times as short as practicable, and to employ preservation
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techniques which ensure adequate immediate function in as many renal transplants
as possible.
In conclusion, this report of a large series of kidneys preserved with standardised

donor management, nephrectomy and storage techniques offers a substantial contri¬
bution to the evaluation of ice storage preservation in clinical practice. The results
indicate that cadaveric kidneys with less than 30 minutes warm ischaemic damage
can be safely preserved for up to 24 hours, with good immediate function, by ice
storage after flushing with hyperosmolar Collins' solution.

Summary

In the period February 1970 to December 1977, 276 human cadaveric kidneys
were preserved in ice after flushing with Collins' C3 solution, using standardised
protocols for donor management and nephrectomy. Standard isotonic C3 was used
for the first 122 kidneys, and C3 made hyperosmolar to 400 mOsm kg"^ water with
additional glucose (HOC3) for the last 154 kidneys.
Warm ischaemia times ranged from 4 to 34 minutes (mean 13.6 SD 5.6). Total

storage time with C3 ranged from 1.8 to 18.7 hours (mean 6.5, SD 3.1), and
with HOC3 was 2.2 to 24.4 hours (mean 10.2, SD 6.6). No case of primary non¬
function occurred.
Graft function was assessed by a plot of log (serum creatinine in SI units minus

0.1) against the time of recipient serum sampling before operation and in the first
three post-transplant days. Examination of the slopes of these lines allowed separ¬
ation into functional groups which reflect the adequacy of the renal preservation
technique.
Twenty-two per cent of the C3 and 28% of the HOC3 kidney recipients required

dialysis because of poor function. However, of recipients of kidneys preserved for
more than 12 hours, 75% with C3 kidneys required dialysis as opposed to only 47%
with HOC3 kidneys. These HOC3 kidneys required less dialysis (mean: 4 dialyses
over 9 days) than the C3 kidneys (mean: 8 dialyses over 17 days).

These results indicate that cadaveric kidneys can be safely preserved for up to 24
hours with a hyperosmolar formulation of Collins' solution.
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Discussion

Belzer
I think this is one of the few studies where Collins' solution has been used to

preserve kidneys with warm ischaemia. What I conclude from your study is that
you should limit your preservation period to 12 hours rather than increase your
dialysis rate from 20% to 43%.

Hardie
I cannot disagree with that interpretation, but it is true that if you need in excess
of 12 hours then the hyperosmolar solution will give it to you, admittedly at the
expense of an increase in the dialysis requirement. However, these kidneys recover
faster and fewer dialyses are required over a shorter period of time than when we
used the isotonic Collins' solution.

Belzer
Are you sure that these improved results were not influenced by the greater
experience of your team?

Hardie
I do not think that things have changed very much over seven years; the team is
basically the same and the warm ischaemia times are virtually identical for the
first 122 and the last 154 transplants.

Johnson
I do think that in many situations it is necessary to preserve for more than 12
hours, for example when there is a positive cross match or it is necessary to trans¬
port over large distances. I would advocate continuous perfusion on these
occasions.

Hardie
I think the simplest system is the best, as long as it is not doing any harm within
the period of time you require.

Blohme
We have come to the same conclusion as Dr Hardie, that the easiest way is the best
way. We use the perfusion system only when we have to store kidneys for more
than 36 hours. This means that we have had to cut down storage time a little, but
not very much, and we have equally good results. However, when you have to go
up to 48 hours or more, or possibly, if you have kidneys with long warm ischaemia
time, I think continuous albumin perfusion is superior. However, we use brain-
dead, heart-beating cadaver donors almost exclusively now.
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Belzer
If we are going to transplant kidneys into all the patients that need them, rather
than doing only 10%, I think that we should find methods to preserve damaged
kidneys and maybe improve them, rather than limit ourselves to heart-beating
donors.

Blohme
I would agree if you are transplanting only 10% of the need. We are not. We can
cope with the need within Sweden, and I am convinced that the right way to
increase the supply of cadaver kidneys is to persuade our colleagues to give us
the brain-dead cadavers, because they are there.

Grundmann
We have done some experiments which confirm Dr Hardie's conclusion that a

hyperosmolar solution protects better against ischaemic damage than Collins C3
solution. Figure 9.1 shows results with pairs of kidneys which were subjected to
15 to 30 minutes of ischaemia, and then stored either in Collins' solution or in
Sacks' solution for 12 to 24 hours. The PAH and inulin clearances were determined

immediately after transplantation and in each experiment there were statistically
higher clearances in the Sacks group than in the Collins group. Figure 9.2 shows the
influence ofwarm ischaemia time on the preservation results after 12 hours storage.
It can be seen that the PAH clearance in the Collins group falls to zero after about
20 minutes ischaemia, whereas a longer period of warm ischaemia is tolerated in
the Sacks group. Sequential analysis of the results according to Brass (1952) con¬
firmed that Sacks' solution is significantly better than Collins' solution (p < .01).
(Grundmann et al, 1978).

Dahlager
We have measured the PAH uptake in cortical slices from the rabbit kidneys
preserved with Sacks' and Collins' solutions for up to 48 hours with either zero
or one hour of warm ischaemia. In all experiments there was a greater decrease
in PAH uptake with Sacks' than with Collins' solution. We found that the vascular
resistance was lower after preservation in Sacks' solution but not significantly
lower; we found too that Sacks' solution produced a lower vascular resistance and
caused dehydration of the kidney, but when the kidneys were re-perfused they
gained nearly as much weight as those stored with Collins' solution. We conclude
that Sacks' solution is more damaging than Collins' solution. (Dahlager and Bilde,
1976).
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10. The effect of osmolality of washout
solutions

W. L. OLSZEWSKI and M. RUKA

The rationale for using hyperosmolar wash-out solutions for organ preservation has
been based on the observation of its protective effect on cellular swelling and main¬
taining the integrity of capillary vessels. Vascular obstruction may occur following
transient ischaemia as a result of compression by interstitial oedema and also may
be secondary to oedema of endothelial cells narrowing the lumen and trapping
erythrocytes (Flores et al, 1972). Infusion of hyperosmolar solutions has been
effective in osmotically shrinking swollen cells and re-establishing a more normal
vascular pattern in the kidney. They were found to increase the reflow to ischaemi-
cally injured areas ofmyocardium (Willerson et al, 1975). Sodium chloride, glucose,
and mannitol have been the compounds most widely used in the hyperosmolar
preservation solutions. They generally remain extracellular, at least as long as the
organ remains hypothermic and the cell membranes intact, and protect against
cellular swelling. Several authors reported the effect of hyperosmotic solutions of
sodium chloride, mannitol, urea and glucose decreasing the vascular resistance of
kidneys, myocardium (Gazitua et al, 1971) and lungs (Hange and Bgt 1971). A
protective effect of hyperosmolar mannitol against ischaemic changes in the kidney
was described by Diethelm et al (1975). The electolyte composition of the perfus¬
ate appeared to be unimportant. On the other hand Toledo-Pereyra et al, (1974)
showed that kidneys subjected to 40 min warm ischaemia that were flushed with
hypertonic mannitol underwent irreversible damage after transplantation. In our
studies (Ruka and Olszewski, 1978) on the effect of hyperosmolar solutions of
mannitol, sodium chloride and glucose on the kidneys rendered ischaemic for 2
hours, we were unable to show any protective effect of hyperosmolality in spite
of evident dehydration of organs. A high vascular resistance was observed in the
revascularized kidneys, a phenomenon typical for ischaemic and swollen organs.
This observation prompted us to investigate the kinetics of free water shift between
the intra- and extracellular compartments after intravenous administration of
buffered hypertonic solutions of mannitol.

Materials and Methods

Experiments were performed on 20 mongrel dogs of average weight 15 kg. Dogs
were anaesthetized with intravenous Eunarcon and were breathing spontaneously.
Studies were carried out in four groups. In group 1 five dogs received intravenously
40 ml kg"l body weight of buffered mannitol solution (osmolality 1500 mOsm 1*1)
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FUNCTION OF 276 KIDNEYS STORED AFTER FLUSHING

WITH COLLIN'S SOLUTION
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CLINICAL ASPECTS OF TRANSPLANTATION AND

DIALYSIS

In the early phases of the development of haemodialysis and

peritoneal dialysis, / published a number of articles on the insertion and
care of the necessary catheters and their complications

(103,104,109,113). My group in Queensland was one of the first to

advocate an integrated approach to dialysis and renal transplantation,

without placing undue weight on either modality of treatment (105).

Following the simple technique of uretero-vesical anastomosis developed

by my teachers, Sir Michael Woodruff and Mr Bernard Nolan, / published

the results of an extensive experience with that technique (108,111). /

also published a number of articles and reviews of the complications of

transplantation and immunosuppression (104,106,107,110,112,114,

115,118). Our group in Melbourne was one of the first to advocate triple

immunosuppression following development of cyc/osporine to supplement

azathioprine and steroids (116) and has a particularly strong record in

paediatric transplantation following the introduction of triple

immunotherapy (117).
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Intermittent Haemodialysis:
Insertion and Care of the
Silastic-Teflon Cannula
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The exteriorized Silastic-Teflon arteriovenous cannula intro¬
duced by Quinton, Dillard, Cole, and Scribner (1962) has
simplified vessel access in patients requiring intermittent
haemodialysis. Cannula complications still cause considerable
discomfort and inconvenience to the patient, however, and
account for much of the medical and surgical attention required.
In the renal unit of the Royal Infirmary, Edinburgh, where this
system of cannulation has been in regular use since October
1964, a number of modifications in the technique of insertion
and aftercare of the cannulae have been made, and these are
described in this report.

Insertion

All procedures were carried out in a surgical theatre. The
nondominant arm was used wherever possible, the vessels can-
nulated being the radial artery close to the wrist and a
forearm vein of adequate size. Leg cannulae were used primarily
in three men whose work involved repetitive arm movements,
and secondarily in one woman after loss of arm sites. The
posterior tibial artery immediately proximal to the medial
malleolus and the long saphenous vein at a slightly higher level
provided satisfactory leg vessels (Fig. 1). Many patients requir¬
ing intermittent dialysis showed extensive atherosclerosis, and
patency of and adequacy of flow through the ulnar or dorsalis
pedis arteries were checked before ligation of the vessels used
for cannulation.

The technique used was similar to that described by Heg-
strom, Quinton, Dillard, Cole, and Scribner (1961) and by

* Lecturer, Department of Surgical Science, University of Edinburgh,
Edinburgh 8.

t Registrar, Renal Unit, Royal Infirmary, Edinburgh 3.
t Consultant Surgeon, Royal Infirmary, Edinburgh 3.
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Quinton et al. (1962). Both local and regional block anaesthesia
proved satisfactory, but general anaesthesia was used in children
or where multiple procedures were performed. Care was taken
to avoid placing the subcutaneous loop over bone, since this
caused early erosion of the overlying skin. Longitudinal inci¬
sions were used over the artery to allow adequate exposure, but
the wounds were closed in at least two layers to bury the
cannulae as deeply as possible. Transverse incisions were used
for vein cannulation (Clark and Parsons, 1966), the security

Fig. 1.—Case 1. Leg cannulae 18 months
after insertion.

of closure and avoidance of later erosion through the wound
compensating for lack of access in the more superficially placed
vein. A single vertical incision proved satisfactory where
artery and vein lay close together and at approximately the
same level, and was particularly useful in the leg.
The Teflon tip used was the largest compatible with the

original vessel diameter, and vein tips were always at least one
size larger than arterial, in order to avoid pressure gradients in
the shunt. Crimp and joint rings at the Silastic-Teflon junc¬
tion were used initially (Fig. 2A), but as the internal rings
tended to ulcerate they were replaced by extending the distal
vessel ligature around the cannula. A single break shunt (Fig.
2B) with a long venous Silastic segment (Sevitt, Comty, Rottka,
and Shaldon, 1964) was used, and the original Teflon-to-
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Teflon external bayonet junction was replaced by the insertion
of a large vessel tip between the Silastic ends. The making and
breaking of this junction was later made easier by discarding
the external rings. No accidental leaks have occurred with
this simplified system. External metal stabilizers caused skin
reactions and were therefore replaced by Micropore Tape
(Minnesota Mining and Manufacturing Company).

Fig. 2.—A, Original form of shunt with crimp and
joint rings, short Silastic segments, and an external
Teflon loop. B, Simplified form of shunt without
rings, a long venous Silastic segment, and a single

external Teflon break.

Movement of the cannulated limbs was reduced post¬
operatively by elevation in a sling for two days in the case of
the upper limb, and by confinement to bed for 10 days in that
of the lower limb. Splints were not used. Skin sutures were
removed at two weeks. Wound healing was appreciably faster
and more satisfactory when the patient's general condition was
good, or had been improved by blood transfusion and peri¬
toneal dialysis (Pendras and Smith, 1966). Use of the shunt
was avoided within seven days of insertion so far as was pos¬
sible, but earlier dialysis did not compromise the life of the
cannulae.
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Aftercare

The daily dressing and toilet described by Quinton et al.
(1962) was not used, and, unless there was leakage between
dialysis, the dressings were left undisturbed until the time of
the next treatment. All patients showed skin reactions to
cleansing agents used at the time of treatment, and a simple
mechanical toilet with swabs soaked in normal saline was found
to be more satisfactory. • Bacteriological swabs were taken
before and after each dialysis from the cannula exit wounds
and the exposed ends of the external Teflon break. Light
dressings and bandages were used to allow free use of the limb,
the proximal end of the loop being loosely covered to allow
frequent inspection by the patient for clotting.

Results

The cumulative experience in 11 patients over 12.1 patient-
years between 1 October 1964 and 30 September 1966 is shown
in the Table. Patients under treatment for less than three
months and those who were treated for short periods before
renal transplantation were not included in the series. Cannulae
functioning on 30 September 1966 were thought to have failed
on that day in order to estimate mean cannula survival times.
The mean arterial cannula life was 7.6 months and the venous

7.3 months.

Experience in 11 Cases

Case
No. Age Sex

Cannula Failures

Artery ! Vein
Treatment
Duration Clotting Infec¬

tion Erosion

*1 25 M 0 1 23 months 4 1 0
*2 20 M 0 1 18 „ 2 1 0
*3 34 M 1 2 18 „ 10 3 0
*4 20 F 2 2 18 „ 7 5 0.
5 33 M i 7 15 „ 12 0 0
*6 26 F 1 1 14 „ 0 3 3
•7 34 F 2 1 13 „ 8 4 2
8 19 F 0 0 8 „ 1 0 0
*9 39 F 0 0 6 „ 0 0 0
•10 37 M 1 0 6 „ 4 2 1
•11 27 M 0 0 6 0 1 0

* Shunts functioning on 30 September 1966.

The two main limiting factors were clotting and infection.
Forty-eight episodes of clotting occurred in 8 of the 11 patients,
leading to loss of cannulae on 10 occasions. One of these
cannulae also showed evidence of infection. In the majority
of patients episodes of clotting were due either to an external
cause such as kinking or compression of the shunt or to ex¬
posure to cold, as in a man with leg cannulae who stood in a
river for four hours while fishing. Episodes of spontaneous
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clotting occurred fairly often in a smaller group of patients, and
appeared to be due either to hypovolaemia secondary to serum
protein deficiency or to a phlebitis of obscure origin. Declotting
was easily carried out with the methods described by Hegstrom
et al. (1961) and by Pendras and Smith (1966) if the patient
reported within three hours of the episode, particularly if there
was an obvious mechanical cause. If flow was still unsatis¬
factory after attempted declotting, clots were occasionally dis¬
lodged or vessel spasm was overcome by the slow infusion of a
solution of 20,000 international units of heparin in 500 ml. of
saline. Angiograms were performed by the injection of 3 to
4 ml. of 60% Urografin via the open end of the cannula (Fig. 3)
in resistant cases. An attempt was then made to dissolve visu¬
alized clot by the injection of 250,000 units of streptokinase
(Kabikinase) in 2 ml. of sterile water into the cannula, which
was clamped for 30 minutes. Flow was restored by this pro-

Fig. 3.—A, Arteriogram performed after routine declotting procedures.
This cannula has been clotted for 24 hours. B, Further arteriogram after
streptokinase infusion: the small clot at the vessel tip was easily dislodged

by suction, and flow restored.
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cedure on four of the seven occasions on which it was used.
Where declotting was not successful, one limb or occasionally
both limbs of the shunt were replaced. Anticoagulants were
used systemically after recurrent episodes of clotting, and were
particularly valuable where there was evidence of phlebitis.
Twenty episodes of infection occurred in 8 of the 11 patients,

being secondary to skin erosion over the venous loop on seven
occasions. Nine of these infections led to loss of cannulae.
The causative organism was Staphylococcus aureus, except in
two cases where a /3-haemolytic streptococcus was isolated.
Septicaemia secondary to cannula infection occurred in two
patients, and was successfully treated by antibiotics without
loss of the cannulae. Nasal, throat, and perineal swabs were
taken before insertion of cannulae and at intervals thereafter.
Attempts were made to eradicate nasal and skin carriage of
staphylococcus, but persistent carriers were treated with linco-
mycin (Lincocin), cloxacillin (Orbenin), or methicillin
(Celbenin) from the time of insertion of cannulae for periods
of two to four weeks. If infection became established and
persisted in spite of antibiotic therapy, the cannulae were
removed and another limb was cannulated next day under anti¬
biotic cover. In four patients with infected arterial cannula
wounds persistent bleeding occurred, and was found to be due
to false aneurysm formation. Bleeding was controlled by
proximal ligation of the vessel and removal of the cannula. A
more detailed analysis of these infections, with particular refer¬
ence to phage typing and the source of the organisms, will b<
presented elsewhere.

Summary
Two years' experience with the Silastic-Teflon arteriovenous

cannula system in the management of patients with chronic
renal failure by intermittent haemodialysis is reported. The
mean arterial cannula survival time was 7.6 months and the
venous survival time 7.3 months. Careful attention to a

number of apparently minor points during insertion improved
cannula survival. The two limiting factors in cannula life were
clotting and infection. Declotting was usually achieved if the
patient attended within three hours. If flow was unsatisfactory
after using standard declotting procedures angiography was
performed and streptokinase infused into the cannula. Flow
was restored in four out of seven cannulae by this method.
The causative organism was Staphylococcus aureus in almost
all the cases of infection. Antibiotics were used both pro-
phylactically and therapeutically, but cannula removal and
replacement in another limb was necessary in 9 out of 20 cases
of infection.
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THE AETIOLOGY AND MANAGEMENT OF SHUNT INFECTIONS

IN PATIENTS ON INTERMITTENT HAEMODIALYSIS

A. M. MARTIN, G. J. A. CLUNIE, R. W. TONKIN and J. S. ROBSON

The Renal Unit, The Royal Infirmary, Edinburgh, United Kingdom

Introduction and incidence

Infection around arteriovenous cannulae is an important cause of morbidity in patients
treated by intermittent haemodialysis. A study has been made of 25 patients treated by
haemodialysis twice weekly over periods ranging from six months to three years, totalling
293 patient months. Seventy-eight episodes of infection occurred in this time (Table I), and
19 combined arterial and venous lines and 8 venous lines were lost as a result of infection.
(The majority of clotting episodes in AV shunts were non-infective. Eighty-nine episodes
occurred in the same group of patients, 19 having an infective aetiology). The mean survival
times of cannulae were: arterial 9.1 months (range 1-25 months) and venous 6 months
(range 0.5-11 months). These figures include shunts in 20 patients which were functioning
at the time of analysis.

TABLE I

Episodes
in 293 patient

Categories of infection months

1. Simple infection - clinically positive
with or without bacteriological evidence 46

2. Infection giving rise to immediate
irreversible loss of shunt (clotting,
abscess formation, haemorrhage) 19

3. Infection plus complication
not resulting in immediate loss of shunt -
reversible clotting (5)
cellulitis (1)
haemorrhage (3)
skin erosion (3)
septicaemia (5)
arterial aneurysm (3) 13

Aetiology
The study consisted of a bacteriological survey of patients and staff by means of routine

culture of shunt, nasal, throat, axillary, chest and perineal swabs with phage typing of
organisms. This showed that the majority of infections were caused by Staphylococcus aureus
and that autoinfection was responsible for 81%. Cross infection from patient to patient was
found in 19%, but transfer from staff to patient was not demonstrated (Table II). On two
occasions a haemolytic streptococcus was responsible for infection and septicaemia, and on
one occasion Pseudomonas pyocyaneus was responsible for a shunt infection.
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TABLE II

Source of infection from phage type studies
in 78 infective episodes

1. Autoinfection 81%
2. Cross infection from patient to patient 19%
3. Staff to patient —

TABLE III

Carrier state and incidence of infection

No. of Infective

patients Carrier state episodes

11 Permanent 56
8 Suppressed 8
6 Non-carrier 14

25 78

TABLE IV

Anaemia and the incidence of infection

Regular transfusion No transfusion
Average Average

Carrier monthly No. of monthly No. of
Patient state PCV % infections PCV % infections

R.M. J. 27 0 19 1
R.S. + 25 0 25 0
M.R. + 26 0 18 3
C.P. + 30 1 21 1
S.D. + 26 3 20 3
R.H. + 25 3 17 1
M.A. 0 28 1 20 2
L.M. 0 26 0 17 0
B.W. 0 25 1

9

19 1

12

Of the 25 patients, 11 were found to be permanent staphylococcal carriers, 8 suppressed
or intermittent carriers, and 6 non-carriers. The carrier and suppressed carrier state (skin in
particular) showed the greatest liability to shunt infection; 64 of the total 78 infective
episodes occurred in the 19 patients in these categories (permanent carriers 56 episodes,
suppressed carriers 8 episodes) (Table III). Two permanent patient carriers were the source
of all the cross infective episodes, and colonization of the skin and nose preceded clinical
infection of the recipients.
Susceptibility to infection was not related either to dialysis efficiency or to a level of PCV.

As the result of the restriction of blood transfusion recently put into operation it was

possible to study the incidence of infection in 9 patients (6 carriers, 3 non-carriers) during
6 months when transfusion was given regularly, maintaining a PCV of between 25 to 30%,
and a further six months' period when transfusion was only given if the PCV fell below 15%
(Table IV). From these limited numbers the total number of infective episodes is only
marginally greater in the "No Transfusion" group.
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SHUNT INFECTIONS IN PATIENTS ON INTERMITTENT HAEMODIALYSIS

Prophylaxis and treatment

Local care at the shunt site consisted of cleansing and removing granulation tissue with
sterile normal saline, pre- and post-dialysis, polybactrin (Calmic Limited) spraying of the
site and leaving the dressing undisturbed between dialyses. The use of metallic or plastic
stabilizers was abandoned in favour of micropore strips for support of the silastic in view of
frequent skin allergy. Antibacterial nasal creams and throat sprays and hexachlorophene
containing soaps were used by all patients daily, and this was successful in suppressing
organisms in 8 carriers. In an attempt to eradicate pathogenic organisms from the flora of
staphylococcal carriers prior to shunt insertion and during infective episodes, whole body
phisohex (Bayer Products) baths were given daily for one week, and once weekly thereafter.
This was effective on several occasions in preventing colonization of a new shunt site.
Prophylactic oral antistaphylococcal antibiotics were used immediately before and after the
insertion of shunts in 8 patients (3 permanent carriers, 4 suppressed carriers and 1 non-
carrier) (Tabic V). The non-carrier and 1 suppressed carrier remained free from infection
while of the remaining 6, 5 became infected within periods of from 19 days to 8 weeks of
shunt insertion. The 6th was infected only after 5 months, and this was probably not related
to the use of prophylactic erythromycin. In 2 of the infected cases the organisms were
lincomycin resistant, and a third was infected with monilia.
When infection became apparent clinically and bacteriologically, cloxacillin, erythromycin

or lincomycin was used in a regime of 500 mg thrice daily for 3 weeks. When recurrent
infection was a problem all these antibiotics were used in sequence. In vitro resistance
developed to all three antibiotics on several occasions but cloxacillin, given in doses of 2 g

4-hourly combined with penicillin, was effective in eradicating infection despite in vitro
resistance. The success of this combination was particularly marked in septicaemic cases and
metastatic pulmonary abscesses resolved in one case.

TABLE V

Prophylactic oral antibiotics

Patient Carrier state Infection Antibiotic Organism grown

J.T. Permanent 1 month after Lincomycin 2/52 Staph, aureus
insertion

S.D. Permanent 5 months after Erythromycin 1/52 Staph, aureus
insertion

A.S. Permanent 3 weeks after Lincomycin V62 Staph, aureus
insertion Lincomycin

resistant
C.P. Suppressed 2 months after Lincomycin 1/62 Staph, aureus

insertion
A.P. Suppressed 1 month after Lincomycin 1/62 Staph, aureus

insertion Lincomycin
resistant

I.O. Suppressed 19 days after Lincomycin V52 Monilia
insertion

C.S. Suppressed None Lincomycin V52
P.S. Non-carrier None Lincomycin V52

Results

Success in treating infection was defined as clinical resolution with negative bacteriological
cultures and with no reinfection or other complication occurring within one month. Two
persistent carriers had multiple infective episodes, one losing 4 complete shunts, and the
other 4 complete and 3 venous lines as a result. In the other 23 patients, 21 out of 32 simple
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infective episodes resolved satisfactorily. Three patients developed arterial aneurysm and
3 developed skin erosion within periods of 8 days to 4 months after complete resolution of
infection leading to eventual recannulation.

Conclusions

1. Observations employing phage typing show that in the great majority of cases infection
of arteriovenous shunts arises from the patient's own body flora, permanent staphylococca
carriers being at greatest risk.

2. Cross infection between patients also occurs and single carriers may be responsible for
several episodes of infection in a number of patients.

3. Local antibacterial creams and soaps are of considerable value in preventing Staphylo¬
coccus aureus colonization.

4. Prophylactic oral antibiotics were of no value in preventing shunt infection and in¬
creased the likelihood of the appearance of resistant organisms in carriers and suppressed
carriers.

5. A considerable proportion of shunt infections are successfully treated with antibiotics
without loss of the shunt function, although late complications of aneurysm formation and
skin erosion develop on occasions.
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The results obtained by cadaveric renal trans¬
plantation in Australasia compare well with those
reported from the rest of the world, but there is still
a significant mortality associated with the procedure,
particularly within the first year after operation.
Better results in terms of survival can be obtained
by regular dialysis therapy alone, but the quality of
survival is not comparable with that after a success¬
ful renal transplant. In an attempt to improve the
overall results, an integrated system has been
adopted in Queensland, dialysis and transplantation
being regarded as incidents of equal importance in
the treatment of individual patients suffering from
terminal renal failure, rather than as ends in them-
se'ves. Fifty-six patients have been treated In the
programme to date, 19 by dialysis followed by trans¬
plantation, and 37 by dialysis alone. There have
been four deaths during the dialysis phase, and three
following transplantation. The early results obtained
both in survival and In rehabilitation appear to
justify continuation of this Integrated concept.

The treatment of patients suffering from irreversible
renal failure by cadaveric renal transplantation is now
well established in Australasia (Australian National
Dialysis and Renal Transplantation Survey, 1970), but it
should be noted that 42% of patients who have received
cadaveric renal grafts to date have died within the first
year after operation. Even in the larger and well-established
units, whose figures are included in the overall results and
thus influence them to a considerable degree, mortality
has been of the order of 20% to 30% in the first year.

Thus, while these results compare favourably with those
from the rest of the world (Human Kidney Transplant
Registry, 1969), there is no room for complacency, and
other forms of therapy should be explored. Most of the
local groups are prepared to perform grafts from living
related donors in strictly defined circumstances, but in

1 Director, Dialysis and Transplant Unit; Reader in Surgery,
University of Queensland.

* Staff Surgeon, Dialysis and Transplant Unit.
a Renal Registrar.
4 Reader in Medicine, University of Queensland.
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Address for reprints: Dr g. j. A. Clunie, Princess Alexandra.
Hospital, Ipswich Road, Woolloongabba. Q, 4103.

fact only 15 such operations have been performed of a

total of 638 renal transplants between 1963 and 1970.
However, one-year transplant survivals of 83% to 91%
can now be predicted with transplantation from parents
and siblings (Human Kidney Transplant Registry, 1969).
Since these results are clearly better than those obtained
with cadaveric renal transplantation both locally and
internationally, the indications for such procedures should
be reconsidered in spite of the ethical and moral problems
involved.

An alternative to transplantation can be provided by
regular dialysis therapy, which in Australasia has been
utilized largely as a means of preparation for transplanta¬
tion, the period of dialysis varying with the availability of
suitable donor kidneys. This approach contrasts sharply
with the attitude adopted in some European and U.S.
centres, where regular dialysis therapy, preferably carried
out in the home to reduce hospital dependence and costs,
has been the method of choice. Individual centres have

reported one-year patient survival rates as high as 90%
to 98% (Moorhead et alii, 1970; Pendras and Pollard,
1970), although mortality rates of 10% to 24% are perhaps
more representative (Drukker et alii, 1970). However,
quality of survival is at least as important as survival
itself, and there can be no question that the life of even
a well-adjusted patient receiving regular dialysis therapy
is restricted to a considerable degree when compared with
that of a successful renal transplant recipient. Thus there
appears to be justification for an approach which would
combine both forms of treatment on a more equitable basis,
in an attempt to improve both the duration and the quality
of survival for the individual patient.

In Queensland, the last Australian State to undertake
renal transplantation, an integrated system of hospital-
based dialysis, home dialysis, and renal transplantation has
been developed. All three aspects of treatment have been
closely interrelated, and have been considered at various
stages in the management of each patient. The emphasis
on each phase has varied with the medical condition, and
to some extent the desires of the patient, rather than
being dictated solely by the requirements of either a
dialysis or a transplantation programme. Patients have
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been restored to a reasonably normal state of health by
regular dialysis, and have received renal transplants only
when well-matched cadaver kidneys have become available.
It is our belief that only in this way can a regional service
capable of treating all medically suitable patients be
maintained over a prolonged period of time, and our
Initial experience is reported in an attempt to justify this
concept.

METHODS

Patients between the ages of 5 and 60 years were con¬
sidered for treatment when they could no longer be main¬
tained by conservative measures. Regular dialysis therapy-
was started as dictated on clinical grounds, or electively
when the serum creatinine level was sustained at levels

greater than 14-5 mg/100 ml in males, and 12-5 mg/100 ml
in females. Selection of patients was by generally accepted
medical criteria (National Health and Medical Research
Council, 1968), and was carried out after joint consultation
between the physicians and surgeons of the unit. Advice
was available from a psychiatrist (Dr A. Unwin), and
from the hospital social workers. Patients who could still
be managed conservatively were initially allowed to return
to the care of their own physicians, either locally or in
country centres, but were later advised to move to Brisbane
for closer supervision of this phase of treatment.

Hospital dialysis was performed in a six-bed unit
equipped with parallel-flow (modified Kiil) dialysers sup¬
plied from a locally developed central tank through
Individual bedside heaters and monitors. Treatment was

carried out on six nights each week, giving two 14-hour
dialysis periods a week for 18 patients. In addition, nine
spaces were provided during the day in the same area by
utilizing coil dialysers, and were used primarily for patients
starting the programme before transfer to night dialysis,
each patient receiving two periods of seven to eight hours'
dialysis each week. Limited coil dialysis facilities were

also available at the Royal Brisbane Hospital (Dr J.
Cope), from which patients were transferred to allow
fuller rehabilitation on night dialysis, or directly for
renal transplantation. Since the formation of the unit in
January, 1969, the implications of the integrated nature
of the treatment were explained fully to all patients
entering the programme. Particular emphasis was placed
on participation in techniques of dialysis as early and as

completely as possible, in the belief that all patients should
be orientated towards self-reliance and possible future
home dialysis. Training for home dialysis was carried
out in the same area, the machines being purchased by
the patients themselves or from grants by local service
clubs and commercial organizations. Recurrent expenses
for home dialysis were borne by the Commonwealth and
State Governments. Access to the circulation for dialysis
was largely by means of modified external "Teflon"-
"Silastic" arterio-venous shunts (Quinton et alii, 1962;
Ramirez et alii, 1966). Internal arterio-venous fistulas
(Brescia et alii, 1966) were used primarily when indicated
by the patient's work or leisure activities, or secondarily
for the small number of patients in whom complications of
the external shunt were troublesome. When possible, these
flstulae were created electively several months before being
required for treatment,

All patients were considered to be potential transplant
recipients, and leucocyte grouping was carried out within
a month of starting dialysis. Renal donors were subjects
aged between 14 and 49 years, who had died from the
results of intracranial trauma or haemorrhage in one of
the three major teaching hospitals in Brisbane. Nephrec¬
tomy was performed after circulatory arrest by one or more

of the surgeons of the transplant team. Leucocyte typing
was available before recipient operation in all cases, and
was used as a basis for recipient selection, no kidney
being used when there were more than two non-identities
between donor and recipient. After operation the recipients
were nursed in a pathogen-free isolation unit until all
drains and catheters had been removed, or until renal
function was considered to be satisfactory. Immunosup¬
pressive therapy was started before operation in the form
of azathioprine in a dosage of 3 mg/kg a day, and predni¬
sone, 3 mg/kg a day. Azathioprine was maintained at a
level compatible with a peripheral total white cell count
greater than 5,000/mm3, and the prednisone was gradually
reduced to a maintenance dose of 15 mg a day by one year

after operation. Rejection episodes were treated by increase
in prednisone dosage, together with local external irradia¬
tion on alternate days for three doses (Queensland Radium
Institute).

RESULTS

Patients

A total of 122. patients have been referred for considera¬
tion for treatment in the period from January, 1969, to
February, 1971. A further six patients who had received
regular dialysis therapy in a small pilot programme started
in January, 1968, have been included in the analysis, since
their treatment continued in the period under review.
Primary renal diseases are shown in Table 1, and the high

Table l

Renal Disease of Patients

Number Number
of of

Disease Patients Patients
Seen Not

Accepted

Glomerulonephritis 22 3
Analgesic :

Male 3 —

Female 36 11
Pyelonephritis 9 3
Lead nephropathy 8 3
Hypertensive 15 5
Polycystic 9 1
Reflux 7 1
Unclassified 11 2
Miscellaneous 8 4

Total 128 33

incidence of analgesic nephropathy should be noted. Of
this total of 128 patients (Table 2), 22. did not require
definitive therapy, and continue to be managed by conserva¬
tive means. Seventy-three patients were accepted for treat¬
ment, and although almost equal numbers of males and
females were seen, almost twice as many men as women

were accepted. Fifty-six patients have actually started
regular dialysis therapy, their ages ranging from 13 to 60
years. Biochemical data at the time of acceptance and
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during the course of dialysis are shown in Table 3. Nine
further patients have been provisionally accepted, and
will start dialysis when they can no longer be managed
by conservative means. Six patients who were accepted
for treatment but did not initially require dialysis have
died, four during acute episodes in country centres with¬
out heing returned to Brisbane, one from cardiac tam¬
ponade during the course of treatment for an acute
episode of failure, and one from cerebral cedema due to
lack of cooperation with dietary management. Two patients

Table 2

Patients Referred for Dialysis

Patients Total Males Females

Referred 128 66 62
Decision not yet needed .... 22 8 14
Accepted73 46 27

Started on dialysis' .... 56 37 19
Conservative management 9 6 3
Conservative management—died 6 3 3
Refused dialysis .... 2 — 2

Not accepted ........ 33 12 21

1 Includes six patients on dialysis at Royal Brisbane Hospital. These are
not discussed in subsequent analysis.

who were considered suitable refused treatment. In 33
cases there were contraindications to treatment (Table 4),
and these patients have either died subsequently or are
still being managed conservatively. No medically suitable
patient has been refused treatment because of lack of
facilities since the formation of the definitive unit in

January, 1969.
Survival

The overall results in the 50 patients treated at the
Princess Alexandra Hospital are illustrated in Figures 1 and
2 and Table 5. The number of possible patient months since
the start of treatment was 705 (58-8 patient years), and the

Table 3

Biochemical Data of Patients at Commencement and During Dialysis and After
Transplantation

Biochemical Data Mean Range

fluid restriction, and died from a cerebral haemorrhage
secondary to uncontrolled hypertension. The patient in
Case 17, a woman aged 47 years, died of a myocardial
infarction. The patient in Case 37, a woman aged 32. years,
died suddenly of unknown causes three weeks after starting
dialysis.

Table 4

Patients not Accepted for Dialysis

Indication
Number

of
Patients

Vascular disease 13
6Heart disease

" Psychiatric " 6
Age 3
Miscellaneous 5

Total 33

Twenty cadaveric renal allografts have been inserted
in 19 patients, one patient receiving a second graft three
months after transplant nephrectomy for infection
secondary to urinary fistula. Two other kidneys have
been removed for uncontrolled rejection (Cases 18 and
41). Three patients have died, the patient in Case 9 from
fungal lung infection three months after operation, the

PATIENTS
60-.

Serum creatinine level (mg/100 ml):
Commencement .. .. .. 17 10 to 29
Minimum .. .. 3'6 1-3 to 5-5
Maximum1 .. .. 13-6 8*3 to 18-4
Post-transplant .. .. .. 14 0-8 to 1-9

Blood urea level (mg/100 ml):
Commencement .. 265 90 to 495
Minimum .. .. 29 7 to 60
Maximum1 177 118 to 252
Post-transplant .. .. 65 32 to 88

1 Value at end of four-day interval before dialysis.

patients have survived for a total of 628 months, giving
an overall survival index of 89%. The total number of
dialysis months was 563, and patients have survived for
506, giving a survival index of 90%. If the patients accepted
after January, 1969, are considered separately from the
patients in the pilot group, the survival with dialysis
over 369 months (33 patient years) is 97%. There have
been no deaths due to dialysis accidents, but four patients
have died during this phase of treatment. The patient in
Case 2 became psychotic and suicidal and treatment was

stopped at the request of her family. The patient in Case
5, a youth aged 18 years, would not tolerate dietary and

patient in Case 16 from peritonitis secondary to perforated
diverticulitis of the colon four months after operation,
and the patient in Case 6 one month after transplantation
of unknown causes following two generalized epileptic
convulsions. These results show a patient survival index
after transplantation of 87%, and a kidney survival index
of 79%.
Three patients have been receiving home dialysis for a

total period of 23 months, and all are alive and well. None

1 1 1 1 1 riuj
1968 1969 1970

Figure 1: Results in 50 patients treated at the Princess
Alexandra Hospital (P.A.H.) and the Royal Brisbane Hospital

(R.B.H.).

Dialysis at P.A.H.

Dialysis at R.B.H.
Home Dialysis

t :Functioning Transplant
Dead
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of these patients is considered likely to receive a trans¬
plant, the first having multiple HLA antibodies, the second
extensive vascular disease, and the third having had two
failed transplants in Melbourne. Three other patients are
at present undergoing training and can be expected to
undertake home dialysis in the near future.

patients were fully rehabilitated for 57% of the treatment
period (58% while receiving dialysis, 49% after trans¬
plantation). All 26 patients receiving dialysis in hospital
at the moment, all three home-dialysis patients, and 10
of the 14 transplant recipients with functioning kidneys
are fully rehabilitated.

Rehabilitation

In an attempt to gauge the degree of medical rehabilita¬
tion with dialysis, we have used the system described by
Kennedy et alii (1969), in which 22 clinical and bio¬
chemical variables are allocated scores of -1, 0, 1, 2, 5, 10,
or 20, a high total score indicating poor rehabilitation
and poor prognosis. Our patients were assessed in the
month before this review, transplantation, or death.

% PATIENT
~

SURVIVAL

—x Overall

• Dialysis
-★ Post Transplant

Table 5

Overall Results for 50 Patients

Patients
All Accepted

— Patients after
January,
1969

All Therapy
1. Possible months of life 705 536
2. Actual months of life 628 505
3. Percentage survival 2/1 .. 89 94
4. Months in hospital 82 52
5. Percentage hospitalization 4/2 13 10
6. Months rehabilitated 355 323
7. Percentage rehabilitation 6/2 57 64

Dialysis
8. Possible months of dialysis 563 396
9. Actual months of dialysis 506 385
10. Percentage survival 9/8 .. 90 97
11. Months in hospital.. 63 34
12. Percentage hospitalization 11/9 12 9
13. Months rehabilitated 295 263
14. Percentage rehabilitation 13/9 58 68

Transplants
15. Possible months of life .. .. 151
16. Actual months of life .. .. .. 131
17. Percentage survival 16/15 .. .. 87
18. Possible months of kidney function 153
19. Actual months of kidney function .. 122
20. Percentage kidney survival 19/18 .. 79
21. Months in hospital.. .. .. 19
22. Percentage hospitalization 21/19.. 16
23. Months rehabilitated .. .. .. 60
24. Percentage rehabilitation 23/19 .. 49

149
129
87
151
120
80
18
15
60
50

Months of Treatment

Figure 2: Percentage survival rates in the
programme overall, on dialysis, and after trans¬
plantation. The figures represent total numbers

of patients at risk at any given time.

One patient (Case 37) was excluded, since she had been
receiving dialysis for too short a time to allow proper
assessment. For two patients who died (Cases 2 and 5),
the score was greater than 50 during the whole course of
treatment, due almost entirely to their inability to cooperate
with dietary restrictions. For two further patients (Cases
8 and 11), scores were 26 and 27 before successful trans¬

plantation, due to a combination of anaemia, hypertension,
and asymptomatic bone disease. The other patients all
scored below 25, indicating satisfactory medical rehabilita¬
tion during the period of treatment. In the transplant
group, 13 of 14 patients with functioning kidneys have
serum creatinine levels of less than 1-8 mg/100 ml. Ten
patients are fully rehabilitated. Two patients are in
hospital at present with respiratory infection, and the
other two are partially disabled by aseptic necrosis of
the head of the femur and severe angina respectively.
Full social rehabilitation (Figure 3 and Table 5) has

been regarded as the return of a male or a working female
to 80% of former occupation, ability of a female to look
after her household unaided, or the return of a child
to school on a regular basis. As judged by these criteria,

A further measure of the rehabilitation of patients can
be given by considering the length of time spent in
hospital, either immediately at the time of institution of
dialysis or of performing a renal transplant, or later due

OVERALL DIALYSIS TRANSPLANTS

H Dead

□ Hospitalised
I; 1 Not Rehabilitated

□ Rehabilitated
Patient

Years

Figure 3: Hospitalization and rehabilitation overall, on
dialysis, and after transplantation.

to complications or intercurrent illness (Figure 3 and
Table 5). Hospitalization during dialysis has occupied
63 months (28 immediate, 35 late). The time in hospital
at the start of dialysis therapy has been greatly reduced
in the more recent patients, and several had had no inter¬
ruption to their normal activities. After transplantation,
most of the patients have required little immediate time
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in hospital, and the five months of late hospitalization
have occurred in three patients. Of the three patients
receiving dialysis at home for a total of 23 months, only
one has required hospitalization. This patient lives 200
miles from the parent unit, and was in hospital for three
months after a severe hypertensive episode related to
excessive salt ingestion. A considerable proportion of this
period in hospital was for reasons of social convenience.
The psychological rehabilitation of the group will be

reported separately, but on a superficial level all but
three patients have appeared to cope with their problems.
One patient (Case 1), originally suffering from analgesic
nephropathy, was unable to accept her home situation, and
drank excessive volumes of fluid intermittently. She has
recently had a successful transplant. Two other patients
(Cases 2 and 5) had profound psychological disturbances,
and both died. It should be noted that all three of these
patients started treatment in the pilot programme. Since
the integrated nature of the programme was established,
problems have been fewer, and the patients have accepted
each phase of the treatment as equally necessary if not
equally desirable.

DISCUSSION

The degree of success of a programme of this type can
be judged by two main parameters—the extent to which a
complete service capable of treating those persons in the
community in need of and able to benefit from treatment
has been provided, and the results obtained within that
service. The number of patients medically suitable for
dialysis and/or renal transplantation has been widely
accepted as between 25 and 30 per million of population
per annum (Gottschalk, 1967; National Health and Medical
Research Council, 1968). If these estimates apply in
Queensland, between 120 and 150 patients should have
presented since January, 1969. Only 100 of the 122 patients
referred in this period were considered to require definitive
treatment, and 67 were acceptable for treatment. It seems

likely therefore that many suitable recipients were not
seen, either because of public and medical lack of aware¬
ness of or confidence in the potential benefits, or perhaps
because of the problems of distance imposed by the
geography of the State. The difficulties in management of
patients from country centres were highlighted by the
deaths of four patients, provisionally accepted for treat¬
ment, but still capable of being managed by conservative
measures, who died during acute episodes without being
returned to Brisbane.

In considering the results obtained in the programme, we
have chosen to represent survival, rehabilitation and
hospitalization as an expression of actual performance
by months in relation to possible months. This type of
analysis is more meaningful than one-year survival rates
in assessing a relatively small group treated over varying
periods of time by different forms of therapy. The survival
rate with dialysis (89%) is comparable with that in major
European and U.S. centres. Patient survival after
transplantation was similar (87%), but kidney survival
was less satisfactory (79%). All patients receiving
dialysis have been included in the potential recipient pool,
although a number of patients have circulating HLA
antibodies as a result of pregnancies or failed renal

transplants, and seem unlikely to receive suitable kidneys.
We have felt that there is little justification in offering
cadaveric transplants to patients well established and
rehabilitated on regular dialysis therapy unless a com¬

parable prognosis can be offered, but so far it is not
clear that we have been able to offer such a prognosis.
There is no question that the majority of our patients
would prefer to have a transplant, and in community terms,
some form of turnover such as that provided by trans¬
plantation is essential if further patients are to be accepted
for treatment on relatively limited dialysis facilities. We
have not yet resorted to transplantation from living
donors, although prepared to do so in certain defined cir¬
cumstances, such as a parent-to-child donation when
there is clear evidence of tissue compatibility. The main
limiting factor in performing renal transplantation has
been the lack of compatible cadaveric kidneys. Although
the evidence for the value of tissue matching in cadaveric
renal transplantation is equivocal (Batchelor and Joysey,
1969; Morris et alii, 1970; Stewart et alii, 1970a), we have
avoided transplantation in the presence of more than two
non-identities between donor and recipient, and have pre¬
ferred to transfer kidneys to better matched recipients in
other centres in these circumstances (Collins et alii, 1971).
We hope that the results in the long term will bear out
the benefits of such an approach to our patients, but
the disadvantages are apparent in the limited number of
operations we have been able to perform, exaggerated by
the lack of return of compatible kidneys from other units.
An alternative to transplantation can be provided by

home dialysis, and this form of treatment may even be
preferable for many patients. Because of the initial costs
involved to the patients or their relatives in the purchase
of machines, and in spite of generous gifts by service clubs
and commercial organizations, we have restricted home
dialysis training to those patients who seem unlikely to
receive renal transplants for a variety of medical reasons.
We hope that this programme will be expanded to include
more patients in the future, with machines being provided
on a loan basis by contributions from Commonwealth and
State funds. In such a system, even patients awaiting
transplantation would undertake home dialysis, and
machines would be returned to a central pool for redis¬
tribution after a successful operation, as advocated by
Stewart et alii (1970S).

The costs and effort involved in the treatment of these
patients can be justified only by their return to relatively
normal lives, both during regular dialysis therapy and
after transplantation. The medical and social rehabilitation
in this particular group can be regarded as satisfactory,
particularly in the more recent period under review. This
has been achieved only by vigorous reeducation of the
patients, and the intensive efforts of the medical and
nursing staff members and the social workers of the unit.
We believe that the establishment of a fully integrated
programme of this type, staffed and administered by
personnel fully conversant with the advantages and prob¬
lems implicit in each phase of treatment, has provided
and will continue to provide the most satisfactory means
of treatment for individual patients suffering from irre¬
versible terminal renal failure in Queensland.
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Brisbane, Australia

„ Four patients on regular dialysis
therapy were incapacitated by anaemia

not responding to adequate dialysis. Infection, de¬
ficiency states, and blood-loss could not be implicated
as the cause of the anaemia, and since there was
evidence of extracorpuscular haemolysis with excessive
splenic activity, splenectomy was performed. All
four patients had symptomatic relief maintained for
11-21 months after operation.

Introduction

Regular dialysis therapy was established at the
Princess Alexandra Hospital in January, 1968,1 with
parallel-flow (modified Kiil) dialysers. Each patient
receives two 14-hour dialyses per week. Some
patients are given two 8-hour periods of coil dialysis
each week before being transferred to Kiil dialysis for
better rehabilitation. Access to the circulation is
generally by external' Teflon-Silastic ' shunt, although
internal fistulae have been used in a smaller number of
patients where dictated by the patient's occupation or
where complications of the external shunt have been
troublesome. When the programme first started,
transfusions were given whenever necessary to main¬
tain a haematocrit above 20%, but since October,
1969, transfusions have been withheld unless severe

symptoms of anaemia or blood-loss develop. All
patients in the programme are anaemic, and extensive
investigations have been done in an attempt to deter¬
mine the causes of the anaemia. Deficiency states,
infection, and blood-loss were found in many cases,
and were corrected. Most patients showed the extra-

* Present address: Department of Medicine, University of Melbourne.
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corpuscular hemolysis reported by other groups,2"5
but, in addition, several patients had excessive splenic
sequestration. We became interested in the possible
value of splenectomy in such patients when a hyper¬
tensive patient whose spleen had been removed inci¬
dental to bilateral nephrectomy showed an unexpected
rise in haemoglobin and a fall in transfusion require¬
ments in the months after operation. Subsequently,
four patients whose haemoglobin levels and transfusion
requirements gave cause for concern and who showed
excessive splenic activity underwent splenectomy. The
effects on haemoglobin levels, transfusion requirements,
and clinical course are reported here.

Methods

On admission to the dialysis programme, haemoglobin,
white-blood-cell count, reticulocyte-count, haematocrit, and
red-blood-cell morphology were determined, and further
haemoglobin and haematocrit measurements were made at
monthly intervals thereafter. Bone-marrow from the
sternum was examined to exclude marrow hypoplasia and
to assess iron stores. Serum-folic-acid and serum-vitamin-
Bj2 levels were also assayed. Schumm, direct and indirect
Coombs, papain isoantibody and autoantibody, and Ham
tests were done. Autohasmolysis with and without
added glucose, 24-hour incubation fragility, median cor¬
puscular fragility, and glucose-6-phosphate-dehydrogenase
activity were measured.6 Transfusion requirements were
recorded as units, one unit being approximately 300 ml.
r.b.c. survival was studied using radioactive chromium

(61Cr). Autologous r.b.c.s labelled with 61Cr were re¬
injected into the patient, and samples of blood were
withdrawn daily for 1 week, and then every second day
until half the radioactivity had disappeared from the circu¬
lation (t J 61Cr). Measurements were made using a well-type
scintillation counter with a thallium-activated sodium-
iodide crystal, and the logarithm of the count was plotted
against the time in days. No correction was made for
elution of 61Cr. Transfusions were avoided during the
period of the study and samples of faeces were tested to
exclude gastrointestinal bleeding.
The site of red-blood-cell destruction or sequestration

was investigated during the same period by surface counting
over the heart, liver, and spleen with a directional scintilla¬
tion counter. Counts were made 30 minutes after the
initial injection of labelled cells and thereafter on the days
of blood-sampling. The counts were adjusted for back¬
ground radiation and recorded as " liver/heart" and
" spleen/heart " ratios, each reflecting the relative accumu¬
lation of 61Cr in the liver and spleen.
In the four patients under study, no abnormality of
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Patient

Age (yr.)

Sex

Renal disease

(units/mo.)

(days)*

Spleen/heart
Liver/heart

Weight
ofspleen

r.b.c.s

Retic. (%)

w.b.c. (per c.mm.)

Platelets (per c.mm.)

Before

After

Before

After

Before

After

Before

After

(g.)

1

43

F

c.p.n.,a.n.
Irr.,norm.

6

4000

100,000

63

0-5

5

16

4-8*

0-6

lit

0-5

510

2

40

M

c.g.n.

Irr.,norm.
11

3000

160,000

49

0

10

32

6-5

0-4

1-4

0-4

510

3

50

M

c.g.n.

Irr.,norm.

7

5000

180,000

2-5

0

7

13

6-3

0-5

14

10

293

4

37

F

c.p.n.,a.n.
Norm.

9

6200

300,000

0-7

0

5

16

110

0-6

2-5

0-6

185

c.p.n.=Chronicpyelonephritis.*Normalrange25-32days. a.n.=Analgesicnephropathy.fNormalspleen/heartratio<2. c.g.n.=Chronicglomerulonephritis.J11days.
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erythrocyte fragility, serum-folic acid, or serum-vitamin-B, 2
was found. Marrow smears showed increased iron stores

and normoblastic erythrocyte production with some defec¬
tive haemoglobinisation of cells. Blood-loss from the
gastrointestinal tract was not detected.

Case-reports
Case 1

A woman aged 43 was treated by Kiil dialysis via an
external shunt. At first, she received transfusions to
maintain a hematocrit above 20%, but when the trans¬
fusion policy of the unit was altered, blood was only given
for severe symptoms of anemia. After 20 months of
dialysis, bilateral nephrectomy was performed to control
hypertension, but there was no effect on transfusion
requirements. 1 month later, chromium studies (table)
demonstrated excessive accumulation in the spleen and a
striking reduction in r.b.c. half-life. The patient received
139 units of blood in the 22 months before splenectomy. At
operation, the spleen was found to be enlarged. Histologi¬
cal examination revealed hxmosiderosis without any speci¬
fic disease process. In the first 5 months after splenectomy
7 units of blood were given, but no further blood was
transfused in the next 14 months until the insertion of a
renal transplant. Chromium studies repeated 4 months
after splenectomy (table) showed a prolongation of r.b.c.
half-life. The post-splenectomy haemoglobin remained at
4-5 g. per 100 ml., but there were no symptoms of anaemia.
Since renal transplantation, the haemoglobin has remained
between 13 and 14 g. per 100 ml.
Case 2

This 40-year-old man was treated by coil and later by
Kiil dialysis via an internal fistula. He received 88 units of
blood over 18 months of dialysis (table) with symptoms of
anxmia only temporarily relieved by transfusion. An
attempt to withhold transfusion after 16 months of dialysis
was unsuccessful. Chromium studies after 17 months'
dialysis demonstrated splenic sequestration and a reduced
r.b.c. half-life (table). Splenectomy was performed 1 month
later. Histological examination of the enlarged spleen
showed hxmosiderosis. In the 21 months since splenec¬
tomy, no transfusions have been required. Chromium
studies 3 months after splenectomy showed an increased
r.b.c. half-life.

Case 3

This man, aged 50, was admitted to the programme
after the introduction of the conservative transfusion
policy. He was treated by Kiil dialysis with an external
shunt. Only 5 units of blood were transfused over 2 months,
although the patient had severe symptoms of anxmia and
the hxmoglobin remained between 3 and 5 g. per 100 ml.
Chromium studies after 1 month of dialysis showed evi-
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dence of hypersplenism. At operation 1 month later, the
spleen was slightly enlarged and showed hemosiderosis.
After splenectomy, the hemoglobin was maintained at a
level of 6-7 g. per 100 ml. without further transfusion over
a 14-month period. Chromium studies eight months after
splenectomy demonstrated increased r.b.c. half-life.

Case 4

This 37-year-old woman was treated by Kiil dialysis
with an external shunt. She had severe symptoms of
anemia, but transfusions were given only when warranted.
Chromium studies after 2 months of dialysis showed an
r.b.c. half-life of 5| days, but a spleen/heart ratio of 4-9,
which was not significantly different from the liver/heart
ratio of 3-5. We considered that these results indicated a

hemolytic process that could not be attributed to excessive
splenic activity alone. After a further 3 months' dialysis,
the patient's hemoglobin level was still not responding, and
the r.b.c. half-life was now 5 days and, although the liver/
heart ratio had fallen to 2-5, the spleen/heart ratio had
increased to 11. 5 units of blood had been used in the
7 months before operation. The splenic size was at the
upper limit of normal, and histological examination revealed
hemosiderosis. The hemoglobin level has remained
stable at 5-7 g. per 100 ml. in the 11 months since operation,
and no further transfusions have been required. Chromium
studies 3 months after splenectomy showed a striking
increase in r.b.c. half-life.

Discussion

The anaemia of chronic uraemia has been ascribed
to a combination of impaired marrow erythropoiesis
and increased r.b.c. destruction.2-5 Deficiency states
in iron, folic acid, vitamin-B12, infections, and blood-
loss from the genital or alimentary tract may also be
implicated.7 With control of deficiencies and the
establishment of regular dialysis, most patients stabi¬
lise their haemoglobin between 5 and 8 g. per 100 ml.,
remain free of symptoms, and can be fully rehabili¬
tated.1 However, a few patients cannot maintain an
adequate haemoglobin, and may require regular trans¬
fusion to avoid severe symptoms of anaemia. Such
transfusions carry the danger of hepatitis and haemo-
siderosis, and, in addition, may postpone a marrow
response to anaemia 8 while stimulating antibody forma¬
tion which could jeopardise future renal transplants.
In many chronic uraemic patients, a haemolytic process
can be demonstrated. This process may be reversible
—improving with the clinical state of the patient,2 or,
in our experience, with adequate dialysis or after renal
transplantation. Although abnormalities of r.b.c.
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fragility can sometimes be demonstrated, the cells
from uraemic patients usually survive longer in a
healthy individual than in the urEemic host.2-* Thus,
the haemolysis is generally considered to be extra-
corpuscular in origin, and not localised to any specific
organ. The haemolysis may be related to soluble
factors in the plasma 6 which can be removed by
adequate diajysis and are certainly removed by a
functioning kidney.
In the four cases reported, haemolysis was a signifi¬

cant factor in the persistence of anaemia. Marrow
hypoplasia, deficiency states, erythrocyte abnormality,
blood-loss, and infection could not be implicated.
There was no apparent correlation with coil or plate
dialysis or with the use of external shunts or internal
fistulae. Erythrocyte half-life was reduced below that
normally reported for chronic renal failure, and was
associated with a high reticulocyte-count. In-vivo
studies showed a significant accumulation of 61Cr in
the spleen, and in one patient this was more notable
with the passage of time although the liver accumu¬
lation had diminished. The evidence of r.b.c. seques¬
tration and destruction provided by the chromium
studies indicated hypersplenism. In the first two
cases, the numerous transfusions contributed to the
hypersplenic state, and in these patients the largest
spleens were found. In the third and fourth patients,
however, the excessive splenic destruction of r.b.c.
could not have been caused by repeated transfusions,
and it seems more likely that it was a concomitant of
the terminal renal disease. Splenic sequestration in all
four cases was at a rate which could not be compen¬
sated for by active marrow production of r.b.c.s.
Liver accumulation of slCr fell in all four patients
after operation, but this cannot be attributed to
splenectomy alone, since in case 4 it happened after a
period of hemodialysis before splenectomy. We have
noted similar falls in liver sequestration after dialysis
or renal transplantation in other patients with intact
spleens.
The weights of the spleens removed varied from the

upper limit of normal to more than three times normal,
but histological examination, although showing hemo¬
siderosis, did not reveal any specific disease process.
The response to splenectomy was dramatic and sus¬
tained. Three patients required no further transfusion,
while the other patient received only a few transfusions
early in her postoperative course. All had improved
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haemoglobin levels, lost their symptoms of anaemia,
and also demonstrated the postoperative rise in
platelet-count associated with splenectomy. Since the
haemolytic process was not continued by a compen¬
satory increase in liver sequestration, it is probable that
the spleen was primarily responsible for the haemolytic
process in these patients.
We conclude that splenic accumulation of red blood-

cells in patients treated by regular dialysis is not in
itself an indication for splenectomy; but when this
feature is combined with a major extracorpuscular
haemolytic • process in patients in whom anaemia is
difficult to control by other means, splenectomy may
be of value.

Requests for reprints should be addressed to L. C. J. H.
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RENAL TRANSPLANTATION, RUPTURED RENAL ALLOGRAFT
AND TRANSPLANT LUNG

N. Ribush, G. Clunie, L. Hartley and Trefor Morgan
Brisbane

A clinico-pathological conference was held at the Princess
Alexandra Hospital, Brisbane. The following: is a report
of the meeting-.

CLINICAL HISTORY

The patient was a married man, aged 47 years.
He was first admitted to the Princess Alexandra Hospital,

Brisbane, in November, 1965, with malignant hypertension,
There was a history of intermittent albuminuria for six
years and mild hypertension for 12 months prior to admis¬
sion. There were no symptoms of renal disease, and no family
history of kidney trouble or hypertension. Of possible
aetiological significance was a very high ingestion of Worces¬
tershire sauce. On his admission to hospital, the serum
creatinine level was 4-0 mg/100 ml.
The hypertension was treated, and he was discharged.

He presented again in February, 1969, with severe renal
failure. The blood pressure was 250/145 mm Hg, and the
serum creatinine level 19-2 mg/100 ml. The renal failure
persisted, and the patient was started on bi-weekly hsemo-
dialysis on May 26, 1969.
The main problems during this period were from hyper¬

tension, controlled by salt and fluid restriction, and repeated
clotting of the arterio-venous shunt. The patient received
five units of blood prior to the start of dialysis and 14 units
during the course of dialysis. After 76 hsemodialyses, renal
transplantation was performed on February 16, 1970, a right
cadaver kidney being grafted into the patient's left iliac
fossa. The total ischsemia time was 182 min (31 warm, 121
cold, 30 anastomoses). The graft assumed a good colour after
revascularization, but no urine was passed, during the opera¬
tion. The results of tissue typing before operation are
shown in Table 1.

Table l

Tissue Grouping of Donor and Recipient1

Subject Blood
Group

First Sublocus Second Sublocus
Misc.
4bHLA2 HLA3 HLA5 HLA7

Donor . . 0 + + _ + +

Recipient A + - + + +

1 The following antigens were not detected in either donor or recipient :
HLA1, HLA9, HLA8, Sly 1, LC17, LC20, 4a.

Treatment with azathioprine (200 mg daily) and pred¬
nisone (200 mg daily) was started before operation. After
operation, the patient's general condition was satisfactory,
but the urine output was only 100-200 ml daily.
On the second postoperative day, a six-hour coil dialysis

was performed. The next day the arterio-venous shunt
clotted, and after the clot had been removed, heparin therapy
was started. On the fifth postoperative day, hsemodialysis
was repeated. On the sixth day there was some bleeding
from the wound. The heparin dosage was reduced, and
this was followed by reclotting of the shunt. On the eighth
postoperative day the patient complained of pain over the
transplanted kidney, and at operation two hours later it
was found that the graft had ruptured. There was a split

from the upper pole along two-thirds of the anti-
hilar border. The rest of the kidney was tense and swollen,
but appeared, viable. Hsemostasis was obtained and the
kidney left in position.
Peritoneal dialysis was started and continued for ten

days, the urine output slowly increasing to 600 ml daily.
The patient was discharged from hospital on the 25th day
after operation. The urine output at that time was 3 1. daily,
with a serum creatinine level of 5-7 mg/100 ml. Drug
therapy was azathioprine (100 mg daily), prednisone (14-0
mg daily) with magnesium trisilicate and methlydopa (1 gm
daily).
The patient's general condition improved slowly, and the

urine output was maintained. By the 54th postoperative day
the serum creatinine level had fallen to 1-4 mg/100 ml, with a
creatinine clearance of 58 mg/min. The drug doses at that
time were: azathioprine, 200 mg daily; prednisone, 80 mg
daily; methlydopa, 1 gm daily; and chlorothiazide, 0-5 gm
daily.
On the 61st postoperative day he developed a dry cough,

associated with a rise in temperature to 38-6°C. There were
no other symptoms. The patient had stopped smoking at
the time, of transplantation. Physical examination showed
no abnormality, apart from some scattered rales throughout
both lungs. The chest X-ray film showed cardiomegaly, but
the lungs were accepted as being within normal limits.
Serum biochemical and hsematological findings were
unchanged, and the urine was clear of infection. Ampicillin
(2 gm daily) and cloxacillin (2 gm daily) were added to
the treatment rggime. Over the next week the temperature
fluctuated, but the other symptoms were unchanged. The
patient felt more general malaise. The chest X-ray picture
was unaltered.

In. the following week the temperature again rose, and
the patient was admitted to hospital on the 73rd post¬
operative day. His symptoms were now lethargy and malaise,
a dry cough and mild exertional dyspnoea. There was no
evidence of cardiac failure or change in renal function. On
physical examination the patient looked unwell and. had
slight dyspnoea at rest. His temperature was 38-4°C. and
his pulse rate 100/min. The lungs were clear on clinical
examination. A chest X-ray film showed bilateral basal
pulmonary infiltration. The arterial blood gases were as
shown in Table 2. The haemoglobin value was 9-0 gm/100 ml.
and the leucocytes numbered 9,800/mm8, 50% being seg¬
mented neutrophils, 36% non-segmented neutrophils, 3%
lymphocytes, 2% monocytes, 2% eosinophils and 7% myelo¬
cytes. The platelets numbered 200,000/mm3. The serum
sodium level was 127 mEq/1., the blood urea level 47 mg/100
ml, the serum creatinine level 1-7 mg/100 ml, and the
creatinine clearance 56 ml/min. The urine was not infected.
The antibiotics were ceased. The prednisone had been reduced
to 60 mg daily at this stage, but his drug treatment was
otherwise unchanged.
The patient's dyspnoea worsened over the next 48 hours,

so that oxygen was required at rest, and the temperature
remained elevated. The chest X-ray film showed some pro¬
gression of pulmonary infiltration, but there was still no
sputum production, and the lungs were clear to clinical
examination. Pulmonary function tests showed a consider¬
able defect in gas transfer with a Dco of 7-6 ml/min/mm
Hg at rest, and no increase on hyperventilation. The FEVj
was 70% and the vital capacity 3,160 ml.
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At this stage the dose of prednisone was increased to 200
mg daily. The temperature fell to normal and the patient
felt better, no longer requiring oxygen support. The blood
gases and chest X-ray picture were essentially unchanged.
Blood cultures taken on the first and second days after
admission to hospital were now reported as showing a
growth of Staphylococcus albus, and treatment with methi-
cillin was begun.
On the 78th postoperative day a renal biopsy was per¬

formed, showing mesangiai thickening in the glomeruli and
interstitial infiltration by chronic inflammatory cells. The
serum creatinine level at this time was 1-6 mg/100 ml. The
patient again felt unwell, and the dyspnoea at rest recurred.
The patient was afebrile, but the blood gases and chest
X-ray picture remained as before. After five days of pred¬
nisone in a dosage of 200 mg daily, a 10 mg/day reduction
was commenced.

Table 2

Arterial Blood Gases1

Days after
Operation

p02
(mm Hg)

pCOa
(mm Hg)

PH

74 55 27-8 7-52

76 Prednisone increased

78 63 30-5 7-45

84 52 22 7-45

86 52 28 7-43

1 The patient was breathing room air for 30 min before the
arterial sample was taken.

His condition remained unchanged until the 84th post¬
operative day, when the serum creatinine level rose to 3-9
mg/100 ml. The prednisone dosage was increased to 300
mg daily. The serum creatinine level continued to rise,
and the patient's general condition deteriorated rapidly. The
dyspnoea worsened, and the oral administration of penta¬
midine isothionate was started at a dose of 300 mg daily
on the 86th postoperative day. On that day, local external
irradiation (150 rad) was given to the grafted kidney, but
renal function did not improve. Peritoneal dialysis was
started. The patient became markedly confused and dis¬
orientated and died suddenly during dialysis, 88 days after
transplantation.

DISCUSSION

Chairman (Da J. Fitzwater) : The main topic in this
discussion will be the patient's terminal episode, but there
are several interesting facets to discuss in the earlier parts
of his life. The cause of his renal failure appeared to be
related to his hypertension, but in addition he ingested a
large amount of Worcestershire sauce. Would Dr Murphy
like to comment on this aspect of the patient's illness?
Dr K. J. Murphy: In 1956 Douthwaite reported an associa¬

tion between renal disease and Worcestershire sauce inges¬
tion. A patient, who had rising blood urea, hypertension,
gross albuminuria, a low urinary specific gravity,
pronounced cylinduria and a low urea clearance (18% of
normal), had been taking from half to one bottle of Worces¬
tershire sauce per day. The sauce was ceased for lack of
any other advice to give; the albuminuria diminished, and
the blood urea and the blood pressure returned to normal.
It thus appeared that the patient had glomerular and
tubular damage due to excessive intake of Worcester¬
shire sauce. Our own experience (Murphy, 1967) began with
patients who had bilateral and recurrent renal calculi for
which no reason was apparent, and in whom there was
this finding of excessive intake of Worcestershire sauce.
The patients originally described appeared to benefit from
ceasing the sauce, in so far as they did not form further
stones when seen 12 months later.

This patient, on discharge from the Army in 1945, had
no hypertension or albuminuria; it was after this that he
developed his habit of drinking sauce neat while his friends
drank gin or vodka. Also, the albuminuria appeared before
the hypertension. No other cause of his renal failure was
elicited, and it is postulated that the sauce was a causative
agent.
Chairman: When the patient's kidneys became incapable

of maintaining control of the internal milieu of the body,
he was commenced on twice-weekly dialysis. Were there
any problems at this time?

Dr T. Morgan: The patient's hypertension was controlled
by dialysis and limitation of salt and water intake. For a

period of time the patient found it difficult to adjust to
the restrictive life of dialysis, but in the two months before
transplantation he was adjusted and enjoying life.
Chairman: In February, 1970, a kidney became available

and was transplanted into the patient. The postoperative
course appeared to be stormy, and the surgeon may wish
to comment on these events.

Dr L. C. J. Hartley: The period of ischsemic insult to
the donor kidney was probably in excess of that recorded
as warm ischaemia, for the donor was maintained by
external cardiac massage prior to death, and the prolonged
ischaemia caused acute tubular necrosis with swelling of
the kidney. On the eighth postoperative day he developed
severe pain in relationship to the graft. He showed signs
and symptoms of blood loss and local tenderness in the
area of the recent operation. When the wound was explored,
there was a rupture along the length of the antihilar
border. Tamponade stopped the bleeding, and no further
problems developed.
Murray et alii (1968) reported four cases of spontaneous

rupture of the kidney in 110 transplants. Three were in
kidneys from living related donors, and after the haemorrhage
was controlled they went on to function well. The fourth
case, a kidney from a cadaver donor, required nephrectomy.
There have been other cases of spontaneous rupture reported
by Salaman et alii (1969) and Lord et alii (1970); the last
was most interesting, as the rupture occurred at five months
in association with gross rejection. In all cases ischaemia or
rejection has been present, but in one case the trauma of
renal biopsy may have been causative.
There is no record that capsulotomy was performed in

any of the cases mentioned, and it has been suggested
that this operation can reduce the amount of ischaemic.
parenchymal damage by allowing swelling of the kidney
and perhaps thereby reduce the chances of spontaneous
rupture. Although our patient was receiving anticoagulant
therapy, there was no evidence that this could be held
responsible. In reported cases biopsy has been implicated,
but in only one was the biopsy related to the rupture site,
and here it may well have been only the initiating factor,
for the kidney was undergoing rejection.
It is known that, in experimental animals, spontaneous

rupture can. occur from the gross swelling associated with
both anoxia and rejection. It seems likely that allograft
rupture is a final result which can be common to any
pathological process producing significant swelling of kidney.
I believe that the rupture of this kidnev was related to
ischaemia prior to transplantation. His subsequent recovery
of renal function and relative absence of rejection episodes
support this.
Chairman: In subsequent cases, would you remove the

kidney, or try to arrest bleeding and leave it in situ?
Dr Hartley: In general, I would try to preserve the

kidney, as prolonged function after spontaneous rupture
has been recorded. However, if there had been repeated
episodes of rejection, I would remove the kidney.
Chairman: The final illness of this patient appeared to

start two months after operation and persisted for one
month. What was thought at the time to be the cause of
this episode?
Dr Morgan: The onset of the illness was insidious and

was marked by the absence of many definite signs. The
patient was treated for a presumed respiratory infection,
but antibiotic therapy did not seem to influence his symp¬
toms. The most prominent of these was his dyspncea, which
progressed rapidly despite the treatment outlined. Chest
X-rays were initially clear, but by the 12th day of the
illness some changes occurred which the radiologist may
wish to discuss. At no time could we culture any organisms
from the lung, and by the time lung biopsy was considered
he was too sick to survive the procedure. Thus, any diag¬
nosis was being made on surmise without objective evidence.
Dr K. Stddle: The first radiograph taken after trans¬

plantation showed clear lung fields with slight cardiomegaly.
A chest X-ray on the 61st postoperative day was normal,
but one on the 73rd day showed a bilateral basal infiltrate,
more marked on the right, which by the 78th postoperative
day had become more, marked at the right base and left
midzone. Ajacent areas were beginning to coalesce. Over
the next five days the lesions showed progression.
The appearances were those of disseminated alveolar

disease. Day-to-day changes were slight and variable, some
films showing an apparent improvement. However, the
overall picture was one of slowly progressive deterioration,
with extension of the lung involvement and coalescence of
adjacent involved areas. The changes are not specific and
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Figure 1: Bronchial lumen and wall: Aspergillus hyphse invading bronchial wall with mucosal loss and necrosis
of inner bronchial layers. (Hematoxylin and eosin, x 10 objective.) Figure 2: Lung cytomegalic inclusion
(hematoxylin and eosin, x 40 objective). Figure 3 : Imprint from cut surface of unfixed lung showing

Pneumocystis carinii (toluidine blue x oil immersion objective).
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may arise from a variety of causes. The most likely were:
(i) a pneumonia due to bacterial, fungal, protozoal or viral
infection; or (ii) the transplant lung syndrome.
Chairman : A prominent feature of this illness was the

severe dyspncea and anoxia. Blood gas studies were per¬
formed, and Dr Kennedy may wish to comment on these.
Dr K. P. Kennedy: The combination of a p02 of 55 mm

Hg and a pC02 of 28 mm Hg indicated that by the 74th
postoperative day there was quite a marked increase in
alveolar arterial (Aa) oxygen gradient. In this particular
case, one can calculate that the Aa gradient would have
been approximately 60 mm (normal, 5 to 15 mm). An
increase in Aa gradient of this order could occur as the
result of a right-to-left shunt or a diffusion defect, or it
could be due to ventilatory-perfusion ratio inequality. The
presence of a right-to-left shunt could have been excluded
if the patient had been given 100% oxygen to breathe over
a period of several minutes. With regard to the possibility
of a pure diffusion defect, one can say that pure diffusion
defects practically never occur, and in fact changes con¬
sidered in the past to have been due to diffusion defects
are now known to be almost always caused by ventilatory-
perfusion ratio inequality. In this particular patient, when
the physiological findings are taken in conjunction, with
the radiological appearances, one can be reasonably confident
in saying that the arterial gas changes would have been
due to ventilatory-perfusion ratio inequality.
The simple ventilatory test did not reveal any evidence

of airways obstruction or of any significant impairment of
ventilatory function. The arterial pCO» of 28 mm Hg indi¬
cated, of course, that alveolar ventilation had in fact been,
in excess of normal. The carbon monoxide diffusion test
had confirmed that there was considerable impairment of
gas transfer—a finding which would be expected in the
presence of a marked ventilatory-perfusion ratio inequality.
An initial slight improvement in arterial oxygen tension

after prednisone was increased was not maintained (Table 2).
It was not possible to. make a diagnosis from these studies,
but the lack of response to steroids suggests that it was
not the classical pattern for transplant lung.
Chairman: The previous two speakers have mentioned an

entity called transplant lung syndrome, and further informa¬
tion about this would be useful.
Dr N. Ribush: A particular type of pulmonary disease

occurring in patients who have undergone renal trans¬
plantation has been called, "transplantation pneumonia"
(Rifkind. et alii, 1964) or "transplant lung" (Slopak et alii,
1968).
In 1968, Slopak et alii reported four survivors of trans¬

plant lung. In a review of the literature they found an
additional 15, out of over 300 patients with renal allografts.
The majority of these patients have been under 21 years

of age. The time of onset of the pulmonary disease is
frequently during the third month following transplanta¬
tion, and has been noted to occur when the prednisone
dosage has been reduced to about 1 mg/kg body weight/day.
Each of the four patients reported, by Slopak et alii had
had several rejection episodes, but this complication was
not mentioned by Rifkind et alii.
The main clinical features include cough, fever and cya¬

nosis. In general the lungs are clear on physical examina¬
tion, but the chest X-ray shows diffuse, bilateral pulmonary
infiltrates, mainly basal or hilar in. distribution. Pulmonary
function studies show there is a defect in gas transfer.
Some cases have been reported in which abnormalities of
blond gases are detectable before clinical or radiological
evidence of lung disease (Slopak et alii, 1968).
Most of the patients have recovered, showing no residual

pulmonary abnormalities. Autopsy findings on those who
have, died of lung disease have shown a thickened alveolar
capillary membrane, fungal infection and cytomegalic
inclusion bodies. One patient who recovered from the trans¬
plant lung, but later died of massive gastro-intestinal haemor¬
rhage. had no such autopsy findings.
The aetiology of this condition is not known, but infective

and immunological bases have been suggested.
The pathogenicity of the frequently found Pneumocystis

carinii and cytomegalovirus is disputed. These agents may
be detected in the lungs of many immunosuppressed patients
in whom there is no evidence of pulmonary disease (Kanich
and Craighead, 1966). In other patients where they have
been thought to be the cause of pneumonia, the clinical
features and blood gas studies differ from those of patients
with transplant lung (Gajdusek, 1957: Berven. 1962).
The response of patients with transplant lung to an

increased dosage of steroids tends to suggest a non-infective
cause for the disease, and patients with P. carinii pneumonia
in other clinical situations do not usually improve with

steroids (Gajdusek, 1957; Sheldon, 1959; Berdnikoff, 1959).
This response to steroids has been put forward as evidence

for an immunological aetiology (Slopak et alii, 1968). Other
factors favouring an immune basis are the antigenic simi¬
larity between the alveolar membrane of the lung and the
glomerular capillary membrane (Goodman et alii, 1955),
and the demonstration, in two patients dying of rejection
with lung complications, of antibody adherent to the alveolar
wall in one, and the bronchial epithelium in the other
(G. M. Williams and. D. M. Hume, quoted by Slopak et alii,
1968).
Rifkind et alii (1964) have suggested that with higher

doses of steroids the signs of infection are masked, and
that, as the dose is reduced, the infection may become
apparent. Another alternative is that a lower dose of
steroids may precipitate an immune response to the trans¬
planted kidney, and the lung is involved in a nonspecific way.
This insult then renders it more liable to infection.

The hypothesis of Slopak et alii (1968) is somewhat
similar: immunological damage causes a thickened alveolar
wall with impaired oxygen diffusion. Steroids will suppress
this reaction. Organisms are favoured by the local condi¬
tions, and by the patient's general state of immunosup¬
pression.
Factors which may help combat infection are the adminis¬

tration of oxygen, use of specific antifungal therapy such
as amphotericin and pentamidine, and decreasing the dosage
of azathioprine. Steroids will tend to suppress an antigen-
antibody reaction, but could decrease resistance to infec¬
tion.
Features suggestive of transplant lung in the patient

presented here are: (i) onset in the third month post-
transplant; (ii) dosage of prednisone reduced to about
1 mg/kg/day; (iii) symptoms of cough, fever and dyspnoea
with relatively clear lungs on physical examination: (iv)
chest X-ray showing bilateral basal infiltrates; (v) evidence
of a pulmonary gas-transfer defect; (vi) lack of response
to antibiotics, and initial (but transient) improvement with
increased, steroids; (vii) onset of rejection as steroids
decreased.

Chairman: Dr Emmerson assisted in the management of
this patient, and a comment from him would be appreciated.
Dr B. T. Emmerson: Clinically, he fitted the syndrome of

alveolar-capillary block described as "transplant lung", but
this did not advance us very far in knowing what to do.
Practically, it seems that such patients fall into two groups,
those who survive on an increased dose of prednisone and
those who die of the condition. Those who die are usually
found at autopsy to. have a pulmonary infection. Those who
survive on the increased dose of prednisone are regarded
as having an immunological reaction against lung tissue
which subsides because of the prednisone therapy. I am
not convinced, however, that such a response to treatment
necessarily differentiates these groups—it may be that the
survivors were those, who could come to terms with their
pulmonary infection.
Dr M. D. Innis: During this period of time, we examined

the patient's blood for anti-kidney, anti-lung and anti-
leucocyte antibodies, but none were detected by our methods.
However, this does not exclude an immunological reaction
causing lung disease.
Chairman: Dr Rao, could you inform us of the various

bacteriological tests you performed.
Dr A. Rao: Numerous microbial cultures, mainly for bac¬

teria and fungi, were carried out during the patient's associa¬
tion with this hospital. Apart from isolated occasions of
relatively superficial infections in association with or in
proximity to the arterio-venous shunt, no consistent patho¬
gen from any particular site was cultured.
Approximately ten days previous to the patient's death

two out of three blood cultures grew Staph, alhus. As this
is not an obligatory pathogen, the pathogenic role of this
isolate is usually considered together with the clinical
state of the patient. In an immunosuppressed patient, this
isolate was considered to be a potential pathogen.
A battery of serological tests were carried out during

this period as a screening procedure, and a high titre to
Salmonella paratyphi B H antigen was obtained. It was
positive at 1:128, and at post-mortem two weeks later the
titre had risen to greater than 1:2.048. There would appear
to be no direct bacteriological interpretation of this finding,
as the antibodies to S. paratyphi B O antigen remained
totally undetectable on both occasions, and no Salmonella
species were isolated from the feces during life or from
any other tissues at post-mortem. In the absence of a
definite explanation, it is possible that non-specific stimuli
may have induced this unique antibody rise in this patient,
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and that this could be an example of non-specific stimula¬
tion of an antibody response in an immunosuppressed
patient.
Chairman: At this stage it may be. best to return to the

people in charge of his management and find out their
final views.
Dr Morgan: I believe 1 can most satisfactorily give my

views by quoting some figures to indicate, the results of
transplantation. A large number of people die in the first
year, but more particularly in the first three months after
transplantation (Table 3). The following list indicates the
percentage incidence of causes of death in these patients
(Australian figures), and the most common organ infected
is lung:

Infection:
Bacterial 35%
Viral 4%
Fungal 7%

Transplant lung syndrome. 4%
Rejection 9%
Myocardial infarct 6%
Cerebrovascular accident 6%
Miscellaneous 29%

These infections may be bacterial, viral or fungal, and
frequently there are several organisms present. The com¬
bined effect of immunosuppressive drugs, debilitating disease
and destruction of normal bacterial flora with antibiotics
allows organisms usually non-invasive and harmless to
become serious pathogens.

Table 3

Percentage of Patients Alive After Renal Allograft1

Princess
PorinA World Australian Alexandra

Figures Figures Hospital

3 months 69 70 80
6 months 57 61 80
9 months 53 — —

1 year 52 57 75
2 years 40 50 —

1 Figures obtained from the eighth report of the Human Kidney
Transplant Registry and the Australian Dialysis and Renal
Transplant Survey.

Dr G. J. A. Clunie: Other speakers have illustrated the
difficulty we found in the diagnosis and treatment of this
patient suffering from a defect in gas transfer, which is a
relatively common non-renal cause of death in recipients
of kidney allografts. We must accept the published reports
of other groups who have found clinical response to increase
in steroid dosage, although the evidence for the immuno¬
logical nature of this process is equivocal. However, the experi¬
ence with the syndrome of transplant lung in Australasia sug¬
gests that, in the majority of such cases, a major factor has
been infection with P. carinii. Other organisms such as
Nocardia or Aspergillus undoubtedly contribute to, and may
even cause, the syndrome without Pneumocystis infection.
Confirmation of the infective nature of the process is given
in the report from Denver that several cases of transplant
lung occurred in patients treated in one hospital, but not in
another some half a mile distant (Rifkind et alii, 1964). The
Auckland group, who have had 14 patients with one or
other form of the syndrome, have seen no cases since
moving the site of their unit (P. Doak, personal communica¬
tion).
Our experience, and that of others in Australasia, sug¬

gests that we should be more aggressive in reaching a
definite diagnosis, even though this will usually require lung
biopsy, a procedure not without risk in such heavily
immunosuppressed patients. The alternative of empirical
treatment adopted in this case proved unsuccessful. The
large number of deaths in renal transplant recipients suf¬
fering from transplant lung compares badly with reports
of the successful outcome of the more active diagnosis and
treatment of P. carinii pneumonia in patients suffering from
neoplastic diseases (De Vita et alii, 1969; Goodell et alii,
1970). If we follow this approach in future, we may then be
able to avoid unnecessary deaths from one of the potentially
treatable non-renal causes in our own patients, and thus
improve the already reasonably satisfactory results of cada¬
veric renal transplantation.
Chairman: Dr Little will now present the autopsy findings.

Autopsy Findings
Dr J. H. Little: At autopsy, external examination revealed

herpetic facial lesions and scars on the left forearm and left

iliac fossa at the sites of the hsemodialysis shunt and the
kidney transplant. Extensive hematomas were present in
the right groin and both cubital fossse.
The patient's kidneys were markedly reduced in size,

but the atrophic and fibrotic changes were so marked that
it is not possible to indicate the cause of the kidney damage.
The donor kidney was swollen, weighing 190 gm and

measuring 12-5 cm long. The capsule stripped easily, to
reveal a hsemorrhagic mottled surface which was also
evident on the cut face of the swollen cortex. At the upper
pole there was a healed linear scar, the site of the post-
transplant rupture. Histologically there was marked inter¬
stitial (edema. The glomeruli showed only a slight increase
in cellularity, but the basement membrane region showed
increased width and an indistinct appearance. Red cells
and eosinophilic material were present in the glomerular
spaces and also in numerous tubules. The tubules show
degenerative changes varying from hydropic change to
shedding of tubule cells into the tubule lumen. A sparse
inflammatory infiltrate of plasma cells and mononuclear
cells was present in the interstitial tissue. Examination of
the arcuate and interlobular arteries showed separation of
their muscle bundles by cedema, but no fibrinoid change was
evident, and stains for fibrin were negative. Although
some histological features are missing, and other factors
such as previous irradiation and hypoxia may have influ¬
enced the microscopic picture, it is considered that the
kidney's changes are mainly due to rejection.
Both lungs were heavy; the right weighed 895 gm and

the left 850 gm. The lungs were firm, but not hard, and
when cut were reddish in colour. A number of segmental
bronchi were plugged by grey, non-purulent mucus. Histo¬
logical examination of the bronchi showed varying degrees
of ulceration of the mucosa, with necrosis of the bronchial
wall extending down to the muscle coats. Their lumens
were blocked by excessive mucus, and in the mucus and
necrotic bronchial wall mycelial hvphae and conidiophores
could be found which on culture proved to be Aspergillus niger
and a Candida species (Figure 1). The alveoli showed areas
of collapse and over-distension, suggesting obstructive and
ball-valve effects of the bronchial mucus. In addition, the
alveoli contained eosinophilic material, varying in staining
from thin to dense eosinophilic material. In distended
alveoli the material was flattened against the alveolar walls,
resembling hyaline membranes. In the eosinophilic material
numerous clumps of P. carinii can be seen, even in the
hsematoxylin and eosin stains. These were further identi¬
fied by the use of special stains and by imprints of the
unfixed lung tissue (Figure 2). Cytomegalovirus infection
was also present, but was relatively sparse (Figure 3). The
large intranuclear inclusions appeared to be in swollen
pneumo.cytes which were shed into the alveoli. Negative
features were the lack of any cellular infiltrate in the
alveolar walls, and the absence of any thrombi or stain-
able fibrin in the vessels.

There were degenerative changes in the central nervous
system, with drop-out of cerebellar Purkinje cells, probably
due to hypoxia. In the duodenum, a peptic ulcer extended
down to, but did not penetrate, the muscle coat. There was
little evidence of inflammatory reaction or fibrosis in the
base of the ulcer, and no evidence of a recent bleed. The
adrenal cortices were atrophic. There were no germinal
centres in spleen and lymph nodes, but numerous lympho¬
cytes were present. The bone marrow was hypocellular. The
bone was osteoporotic, and there was some atrophy of
voluntary muscle fibres. The heart showed concentric left
ventricular enlargement and weighed 500 gm.

A number of post-mortem cultures were carried out.
Dr Rao: Post-mortem cultures for bacteria, fungi and

viruses were carried out from numerous sites. The trans¬
plant kidney tissue cultured no significant growth of patho¬
genic bacteria, and no fungi or viruses were isolated.
Though no virus was isolated from the lung tissue, a
moderate growth of Klebsiella pneumoniae, a potential
pathogen of the respiratory tract, was cultured from the
bronchus and the peritoneum.
Culture for fungi yielded Candida species from both the

bronchus and the lung tissue. In addition, A. niger was
cultured from the bronchus. Candida and Aspergillus species
are considered as fungi having low virulence, and the host
resistance must be severely impaired before these fungi
can proliferate sufficiently to produce a clinically manifest
disease.

In a patient treated with cytotoxic agents, steroids and
antibiotics, it is probable that these opportunistic fungi
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could have contributed in some degree to the already
debilitated state of the respiratory tract, where the presence
of P. carinii—another opportunistic invader—had caused
obvious pulmonary damage.

DIAGNOSIS

Dr Little: The final post-mortem diagnosis was:
1. Infections (subsequent to immunosuppression):

(a) P. carinii infection of lungs; (6) cytomegalovirus
infection of lungs; (c) A. niger infection of segmental
bronchi; (d) Candida infection of bronchi and lungs;
(e) facial herpes simplex.
2. Changes subsequent to immunosuppression (or

stress): (a) duodenal ulceration; (6) adrenal cortical
atrophy.

3. Rejection of renal allograft.
4. Changes due to previous disease: (o) bilateral

atrophic kidneys; (6) cardiac hypertrophy; (c) osteo¬
porosis; (el) parathyroid, hyperplasia.
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The Ureter in Renal Transplantation: Results of a
Simple Technique of Uretero-Vesical Anastomosis
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In a series of 50 cadaveric renal allotransplants performed between September, 1969, and
February, 1973, a simple technique of uretero-vesical anastomosis performed from outside
the bladder was utilised. Intravenous pyelography with a micturating cystographic phase
was performed at regular intervals following operation in an attempt to define the incidence
of mechanical urinary tract complications. Four cases of urinary leakage occurred, three
requiring reoperation, and there was one case of ureteric obstruction due to a lymph cyst.
Five cases of reflux into the transplanted ureter were demonstrated. We conclude that the
incidence of complications is equivalent to that reported following the more standard and
time-consuming uretero-neocystostomy used by most groups, and that this simple technique

of uretero-vesical anastomosis provides a useful alternative procedure.

The application of tissue matching and the
better understanding and control of immuno¬
suppression have led to progressive improve¬
ments in survival following renal transplanta¬
tion (Tenth Report of the Human Renal Trans¬
plant Registry, 1972). These overall improve¬
ments have focused greater attention on
technical problems as a cause of postoperative
morbidity and mortality. The vascular aspects
of the operative procedure have not varied
greatly since the early descriptions of place¬
ment of the allograft in the false pelvis with
anastomosis to the iliac vessels (Kiiss et alii,
1951; Merrill et alii, 1956), and the incidence
of vascular complications in large series is now
low (White et alii, 1972). In contrast, there
is considerable controversy about the method
of reconstruction of the urinary tract, with com¬
plication rates varying widely from 3% to 20%
in recently reported series (Weil et alii, 1971 ;
O'Donoghue et alii, 1973).
This report describes the urological complica¬

tions in a consecutive series of renal allotrans¬
plants, in which a simple technique of uretero¬

vesical anastomosis, adapted from that first
described by Woodruff and his associates
(1969), was used. In the 3^-year period
between September, 1969, and February, 1973,
50 cadaveric transplants were performed in
48 patients at the Princess Alexandra Hospital,
so that each patient has been followed for a
minimum period of six months. The series has
been analysed in terms of preoperative investi¬
gation and management, and diagnosis and
treatment of urological complications following
transplantation.

Preoperative Investigation and

Management
An attempt was made to reach a definitive

diagnosis of the cause of renal failure before
acceptance of any patient for therapy (Table
1), and the majority of them were examined
by panendoscopy and retrograde micturating
cystourethrography. Forty-five of the 48
patients showed no endoscopic abnormality,
and in one middle-aged man a minor degree of

Reprints : Dr G. J. A. Clunie, University of Queens¬
land Department of Surgery, Princess Alexandra
Hospital, Ipswich Road, Woolloongabba, Qld 4102.

bladder neck obstruction due to a median bar
was found. Two young male patients were not
subjected to endoscopy.
Retrograde micturating cystourethrography

was carried out in 38 of the 48 patients. Three
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of these 38 patients showed bilateral ureteric
reflux, one having had a previous bladder neck
resection for congenital bar. All three patients
had had recurrent episodes of urinary tract
infection. Another patient had a moderate
degree of bladder neck obstruction noted at
endoscopy, without vesico-ureteric reflux. In
no patient was there any evidence of induction
of urinary tract infection as a consequence of
the procedure.

Table i

Renal Disease

Number
Primary Renal Disease of

Patients

Glomerulonephritis
Analgesic nephropathy
Lead nephropathy
Reflux
Polycystic disease
Hypertension

Total . . . . . . 48

After acceptance on the programme, all
patients were maintained by haemodialysis in
hospital or in the home, twice or thrice weekly,
using techniques described previously (Clunie
et alii, 1971). Bilateral nephroureterectomy was
carried out before transplantation in two of the
patients with reflux, but was omitted uninten¬
tionally in the third, who was treated initially
in another hospital. Bilateral nephrectomy was
also performed before transplantation in four
patients with intractable hypertension, and in
one of five other patients with a history of
urinary tract infection, hut no evidence of
reflux.

Operative Technique
After induction of anaesthesia, a size 14 Ch Foley

or Gibbon catheter was inserted per urcthram. The
bladder was emptied and washed out with 50 ml of
1/1000 aqueous Hibitane solution, and a further
"inantity of 50 ml of solution was instilled to distend
lie bladder to aid identification during later dissection.
Following revascularization of the transplant, a three-
centimetre incision was made with the cutting
liathermy current through the bladder muscle on the
mterolateral wall, with a minimum of dissection. The
iladder mucosa was opened over a one-centimetre
ength at the medial end of this incision. The donor
ireter was shortened until it bled freely and lay
•omfortably over the bladder incision, and was then
ncised on its medial surface over the terminal
centimetre. All coats of the ureter were anastomosed
o the bladder mucosa with a continuous suture of
(/o plain catgut, a probe being inserted temporarily

into the ureter during suturing of the apex of the
ureteric incision to avoid narrowing. The bladder
muscle was loosely closed over the ureter with inter¬
rupted 5/0 Tycron sutures so as to form a short
tunnel. A Redivac closed suction drain was led down
to the area of anastomosis through a separate stab
incision in the abdominal wall, and the main wound
was closed. No ureteric splints were used in any
patient in this series.

Postoperative Management and Results

A closed system of continuous bladder drain¬
age was maintained until the third postoperative
day, when the urethral catheter was removed.
The drain was removed 24 hours later if mic¬
turition was satisfactory and there had been
110 evidence of urine leak. Immediate rapid
urine flow and satisfactory early renal function
was the rule rather than the exception in this
series (Hartley et alii, 1971). Forty-one of the
45 kidneys preserved locally by flush perfusion
with intracellular perfusate before ice storage
retained sufficient function to allow definition
of the draining tract by infusion intravenous
pyelography at intervals of 7 to 21 days fol¬
lowing transplantation, thus assisting in the
diagnosis of both obstruction and urine leaks.
These early pyelograms demonstrated three

cases of a minor degree of obstruction at the
uretero-vesical junction, assisting in the exclu¬
sion of rejection as a cause of slight fluctuation
in renal function. There were four definite
cases of urinary leakage in the 30 transplants
(Table 2). In each case leakage occurred some

Table 2

Urinary Leakage

Patient Day
(Serial of Cause Treatment Result

Number) Onset

8 7 I sell asm i a of Reimplantation Secondary
lower ureter; infection ;
? rejection n e p h-

rectomy
25 6 ? Technical Continuous

bladder drain¬
age for 10 days

Successful

41 5 Suture-line leak Oversewing Successful
42 7 Ureteric slough ;

? rejection
Ureteropyel¬
ostomy

Successful

days after removal of the urethral catheter and
wound drain, and there was no initial evidence
of urinary fistula. Intravenous pyelography,
usually with tomography, demonstrated the
urine leak in each case, and was of primary
importance in establishing early diagnosis and
the necessity for treatment. In one patient

23
12

3
3
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(Case 25), a minor leak responded to rein¬
sertion of the urethral catheter with continuous
drainage for 10 days. In each of the other three
patients exploration was necessary. In one
patient (Case 8) there was sloughing of the
distal three centimetres of ureter, and secondary
infection following reimplantation led to later
transplant nephrectomy. Renal biopsy at the

JmMm
Figure i : Intravenous pyelographic film (Patient
1 at 3 months), showing (upper) good concentra¬
tion of contrast medium in the transplanted
kidney in the right iliac fossa, with reflux up
the autogenous left ureter, and (lower) marked
dilatation and reflux into both the transplanted

ureter and the left ureter on straining.

time of reimplantation showed only mild evi¬
dence of rejection. This patient later had a suc¬
cessful second transplant. In the second patient
(Case 41), a small suture-line leak was success¬
fully treated by oversewing and reinsertion of
the bladder catheter, with continuous drainage
for seven days. In the third patient (Case 42),
sloughing of the whole length of the trans¬
planted ureter occurred, with leakage from a
small defect in the renal pelvis. Renal biopsy
at the time of reoperation showed no evidence

14

of rejection, and the cause was assumed to be
primarily vascular, although no accessory artery
had been noted at the time of nephrectomy,
and there was no evidence of ischsemia of the
lower pole of the kidney. This patient was
successfully treated by anastomosis of the
recipient ureter to the donor renal pelvis by a
technique similar to that described by Leadbetter
et alii (1966) as a primary method of restora¬
tion of continuity of the urinary tract following
transplantation. Thus in four patients with
urinary leakage, three were successfully
treated, and one kidney was removed because
of secondary infection.
Intravenous pyelography was repeated three

months after transplantation in 34 patients, and
at yearly intervals thereafter in those patients
with surviving grafts. Included in these later
examinations was a phase of excretory cysto¬
urethrography. Provided that renal function
was satisfactory, and concentration of the
contrast medium sufficient, reflux could he
demonstrated clearly by this technique (Figure
1). In the 34 patients who were examined in
this way, autogenous reflux was demonstrated
in three, although such reflux had not been
evident in the preoperative retrograde micturat¬
ing eystourethrograms. In only five cases did
reflux occur into the transplanted ureter.
Pyelographic evidence of obstruction at the

ureterovesical junction persisted in only one
of the three patients in whom it had been de¬
monstrated in the initial pyelograms. Re-
exploration in this patient demonstrated a five-
centimetre lymph cyst compressing the lower
end of the transplanted ureter. Removal of this
cyst led to improvement in renal function, and
there has been no evidence of recurrence of
obstruction in the three years since this second
operation.
Postoperative urinary tract infection has

been significant in 10 of the 50 transplants.
Post-transplant bilateral nephrectomy has been
performed in three patients, including the one
with preoperative autogenous reflux in whom
nephrectomy had been omitted unintention¬
ally. Except in this patient, there was no evi¬
dence with the techniques used that urinary
tract infection persisted in the remaining nine
patients as a result of reflux up either original
or transplanted ureters. The patient with the
minor degree of bladder neck obstruction
showed no evidence of reflux, but eventually
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died of systemic fungal infection complicating
broad spectrum antibiotic treatment of persist¬
ing urinary tract infection, and it would seem
wise in future to correct such apparently minor
anomalies before transplantation.

Discussion

Three primary methods of reconstitution of
the urinary tract following renal transplantation
have been proposed, namely, uretero¬
pyelostomy, uretero-ureterostomy, and uretero-
neocystostomy. Uretero-neocystostoniy has
become the preferred technique in most centres,
partly because secondary procedures can he
more easily performed if complications do arise,
but more particularly because the incidence of
complications, ranging from 3% (Weil et alii,
1971) to 16% (Anderson et alii, 1972) in
recent large series, appears to be lower than
that following either uretero-pyelostomy (19%,
Anderson et alii, 1972) or uretero-ureterostomy
(20%, Johnson and Marshall, 1973).
The standard technique of uretero-neocysto-

stomy performed in most centres is a modifi¬
cation of the Politano-Leadbetter method of
ureteric reimplantation at the bladder base used
in the correction of vesico-ureteral reflux
(1938). This procedure requires a major dis¬
section and a wide anterior cystotomy, which
may in itself lie a site for urinary leakage. When
dealing with recipients of cadaver kidneys, the
operation is not a planned procedure, the condi¬
tion of the recipient may not be ideal, and the
risks of ureteric vascular damage during the
process of nephrectomy after donor death are
clearly greater than with living donor kidneys.
We have, therefore, preferred to minimize the
dissection performed in the recipient at this
stage, and have utilized the simple dome im¬
plantation first described by Woodruff et alii
(1969). The length of donor ureter utilized is
considerably shorter than that needed for the
standard uretero-neocystostomy, and the pro¬
cedure is simple and easily performed. Urine
flow has been immediate and sustained in the
majority of patients in this series, and we have
seen no indication for the ureteric catheter and
splint used by the Edinburgh group.
The incidence of urological complications

following this technique in the reported series
of 50 transplants was 10%, with four cases of
urinary leakage, and one of significant uretero¬
vesical obstruction. The case of ureteric slough-

Clunif ft AT.Tt

ing was very similar to that occurring in two
patients described by Belzer et alii (1970), and
it must be presumed to be due to interference
with an anomalous ureteric artery during donor
nephrectomy. The complication in this case
and in the case of obstruction due to lymph
cyst could not be attributed to the technique
of urinary tract reconstruction, so that the true
incidence of urological complication attribut¬
able to the simplified procedure in this small
series was three out of 50 cases, that is, 6%,
a figure which compares reasonably well with
the lowest reported complication rate of 3%
with the use of the standard technique (Weil
et alii, 1971).
The major criticism of the technique which

could be made on theoretical grounds is the risk
of vesico-ureteric reflux, with all the problems
which might residt from secondary urinary
infection (Powis et alii, 1971). However, the
relatively low incidence of demonstrated reflux
in the transplanted ureter (12%) would sug¬
gest that this complication is less frequent than
might have been expected, perhaps because of
the obliquity of entry of the ureter into the
bladder through the muscle tunnel. We have
not felt that it has been reasonable to carry out
routine retrograde micturating cystourethro¬
graphy in immunosuppressed patients with un¬
infected urinary tracts, so it is possible that the
true incidence of reflux has been underestimated
following the simple excretory cystourethro¬
graphy which we have utilized. However, it is
important to note that demonstrated reflux
into the transplanted ureter has not been asso¬
ciated with persisting postoperative urinary in¬
fection in this series.
Autogenous ureteral reflux after renal trans¬

plantation into previously competent uretero¬
vesical junctions, usually on the same side as
the transplant, has been demonstrated by a
similar technique of excretory urography
(Uranga et alii, 1972), and attributed to the
dissection of the ureter during the standard
uretero-neocystostomy. The occurrence of auto¬
genous reflux in three similar patients in the
present series, in whom there was no dissection
of recipient ureter or bladder base, suggests
that this explanation is not tenable. However,
the possibility of such reflux should be con¬
sidered in a search for a cause of persisting
urinary tract infection in transplant recipients,
in spite of previously normal investigations of
the lower urinarv tract.
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Uretero-Vesical Anastomosis

Thus we believe that this simple technique
of urinary tract reconstruction following
cadaveric renal transplantation has proved
satisfactory in our hands, the incidence of sig¬
nificant episodes of urinary leakage and ob¬
struction being comparable with that in recently
reported larger series. Vesico-ureteric reflux, a
possible disadvantage on theoretical grounds,
has not yet proved a significant problem, and
we suggest that the technique provides a useful
alternative to the standard and more time-
consuming uretero-neocystostomy used by most
groups.
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Thirty-seven patients with end-stage renal failure were
treated by dialysis by the peritoneal route, with a
Tenekhoff catheter. The basic regime was 30 2-litre
exchanges twice a week. Two patients died while
receiving peritoneal therapy, and 7 patients were
transferred to haemodialysis because of catheter failure.
Four patients received transplants directly from
peritoneal dialysis, 22 were transferred eiectively to
haemodialysis, and 2 are still being treated by perito¬
neal dialysis. Fourteen (1-2%) of the 1,161 dialyses
were complicated by peritoneal infection. This was
controlled in 13 instances by the addition of gentamicin
to the dialysate, but removal of the catheter was required
in one case. The mean duration of peritoneal dialysis
was 14-4 weeks; 4 patients underwent this type of
therapy for 78, 63, 41 and 40 weeks respectively.

Peritoneal dialysis was introduced for the treatment of
renal failure some 50 years ago,1 but early techniques used too
little fluid over too short a period of time.2 When the amounts
of fluid employed were adequate, lack of understanding of
osmotic factors led to problems of over-hydration or under-
hydration,3 4
In 1947 Bassett et alii5 maintained a patient for 21 days with

continuous dialysis, and other clinically useful results were
reported by Derot et alii6 and by Legrain and Merrill.7 Boen8
reported 32 peritoneal dialyses which he had undertaken for
acute renal failure in the 1950s, and also studied the kinetics
involved in the procedure. Largely as a result of his work, the
problems involved in peritoneal dialysis were defined, and a
reliable technique was developed.
By this time, however, haemodialysis had become widely

established. The low rates of urea clearance obtained with

peritoneal dialysis, along with the discomfort of repeated
peritoneal punctures and the high associated risk of peritonitis,
made the technique unattractive in comparison with the kidney
machine.
In 1964, Palmer and his colleagues9 introduced an indwelling

peritoneal catheter to overcome the problem of repeated
puncture. This was modified by Tenckhoff and Schechter in
1968.10 Their catheter was of soft Silastic and incorporated
one or two Dacron felt cuffs. The cuffs served to anchor the
catheter, and the ingrowth of fibroblasts into the Dacron formed
a watertight seal which minimized the tracking of organisms from
Address for reprints: Dr J. J. B. Petrie, Renal Unit, Princess Alexandra Hospital, Ipswich

Road, Woolloongabba, Q. 4102.

skin surface to peritoneal cavity. Over the last few years, there
have been several reports of prolonged survival of patients with
chronic renal failure treated by peritoneal catheters of this
type.11 12 13 14
Despite such reports, there is still a tendency for long-term

peritoneal dialysis to be regarded as an unacceptable form of
therapy. It is therefore appropriate for us to record our experi¬
ence of peritoneal dialysis over the past two years.

Haemodialysis for end-stage chronic renal failure was initiated
at the Princess Alexandra Hospital in 1968. Renal transplanta¬
tion was instituted a year later. As time progressed, the number
of referrals for definitive therapy increased steadily, and by 1972
the number of patients presenting for treatment was well in
excess of the machine spaces available. We therefore intro¬
duced peritoneal dialysis by indwelling catheter in March, 1972.
Initially we regarded it as a brief holding procedure to tide the
patient over until a machine space became available. The
results were encouraging enough, however, to lead us to regard
peritoneal dialysis as acceptable in most cases, and as the method
of choice in a few.

MATERIALS AND METHODS

Between March, 1972, and March, 1974, 37 patients were
treated in this way. Thirty-five of these patients had severe
renal failure, with serum creatinine concentrations in excess of
13 mg/100 ml. The two remaining patients had hypertension
which proved uncontrollable without dialysis; their serum
creatinine levels were respectively 10-7 mg/100 ml, and 10-9
mg/100 ml. The ages of the patients concerned and the
diagnoses are indicated in Table 1.
The method of inserting the catheter differed from that des¬

cribed by Tenckhoff and Schechter.10 It was usually inserted
under local anaesthesia, but general anaesthesia was used for
children, or when major surgery was being performed at the
same time.
A 3 to 5 cm transverse abdominal incision was made in the midline,

5 to 7 cm below the umbilicus. After dissection through the linea
alba, the peritoneum was picked up on artery forceps, and a hole made
in it large enough to admit the catheter. The catheter was inserted
in the pelvis, being shortened and reinserted if the patient suffered
perineal pain. Correct positioning was usually indicated by the
siphoning of peritoneal fluid out of the catheter; if this did not occur,
saline was introduced and reaspirated as a check.
A purse-string catgut suture was placed in the peritoneum around

the catheter to reduce the leak of peritoneal fluid. The deep Dacron
cuff was then pushed into the extraperitoneal fat, and the linea alba
was approximated over this with interrupted chromicized catgut
sutures. A tunnel was made though the subcutaneous fat to a point
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level with, but lateral to, the umbilicus. At this point a small exit
hole was made. The superficial Teflon cuff was sited near the hole,
but was well covered with subcutaneous fat.
The transverse incision was closed without drainage. No sutures

were placed in the skin around the exit hole. Dialysate was run in
immediately, and dialysis was continued until the patient returned
to the ward.

Table 1

Age and Sex of Patients Treated by Peritoneal Dialysis and Diagnosis

Age Group
(years)
and

Number of
Patients

Sex Number of Patients

M
Chronic

Glomerulo¬

nephritis

Analgesic
Nephro¬
pathy

Reflux

Nephro¬
pathy

Other*

10 to 19
(5 patients) 1 4 3 0 1 1

20 to 29
(9 patients) 6 3 7 0 1 1

30 to 39
(12 patients) 6 6 5 1 3 3

40 to 49
(7 patients) 5 2 3 2 0 2

50 to 59

(4 patients) 4 0 2 0 0 2
Totals 22 15 20 3 5 9

* Includes atrophic pyelonephritis (2 patients), hypertensive nephropathy
(1 patient), lead nephropathy (3 patients), undiagnosed (3 patients).

An alternative site for catheter insertion was in the iliac fossa,
halfway between the anterior iliac spine and the umbilicus. For this
situation, the external oblique aponeurosis was split and the catheter
introduced through a small hole in the linea Spigeli. The subsequent
technique was as described above. Neither of the elective sites used
interfered with subsequent allograft insertion, even when the catheter
was in place at the time of transplantation.

The standard dialysis regime was 30 2-litre exchanges twice a week;
this varied slightly from patient to patient. When fluid balance was
not a problem, 0-5% glucose solutions were employed, but in the
majority of cases 1 • 5% glucose solution was used. Dialysis bottles
were changed manually by the nursing staff; we did not have the
benefit of an automatic cycling machine.
Most of the dialyses were carried out in the Renal Unit at

the Princess Alexandra Hospital, but eight of the patients
received dialysis in the Intensive Care Unit at the Repatriation
General Hospital, Greenslopes (Dr A. Morton).
Patients were maintained on diets containing 80 g of protein

in order to counteract the loss of protein in the peritoneal
effluent.

RESULTS

Table 2 summarizes the overall results in the 37 patients who
were started on treatment in the two-year period from March,
1972, to March, 1974. Two patients died while receiving

peritoneal dialysis, both from intracranial haemorrhage. Th<
first, in the twelfth week of treatment, died from complications
of poorly controlled hypertension. The second patient had a
subarachnoid haemorrhage from a congenital aneurysm. Foui
patients received transplants directly from peritoneal dialysis;
all are currently alive with functioning grafts.
Seven patients required urgent transfer to haemodialysis

because of catheter failure, and an eighth patient was trans¬
ferred because her severe hypertension remained uncontrolled
on peritoneal dialysis.
Two of the 37 patients remain on peritoneal dialysis.
Twenty-two patients were transferred electively to haemo¬

dialysis as machine spaces became available.
In all, the patients in the series underwent a total of 1,161

peritoneal dialyses; there were 549 patient-weeks of therapy.
The mean duration of therapy by the peritoneal route was 14 -4
weeks. This mean is distorted by four patients who underwent
peritoneal dialysis for 78, 63, 41 and 40 weeks respectively;
the median duration of therapy was 11 weeks.

Catheter Failure

The duration of catheter function is shown in Table 3.

Forty-eight peritoneal catheters were employed in 37 patients.
Thirty catheters were functional at the time of the patients'
transfer to haemodialysis or transplantation, or death. These
30 catheters were removed at the following times; 1 to 4 weeks,
3 cases; 4 to 8 weeks, 4 cases; 8 to 12 weeks, 7 cases; 12 to 26

Table 3

Duration of Catheter Function in 18 Cases of Failure

Time at which Catheter
Failure Occurred

Number of Patients

Omental
Block

Fibrin
Block

Other

1 week (10 cases) 6 4 0
1 to 4 weeks (1 case) 0 0 1*
4 to 8 weeks (3 cases) 0 3 0
8 to 12 weeks (1 case). . 0 1 0
12 to 26 weeks (1 case) 0 0 It
26 to 52 weeks (1 case) 0 1 0
52+ weeks (1 case) 0 1 0
Total 6 10 2

* Infection,
t Cuff extrusion.

weeks, 13 cases; 26 to 52 weeks, 3 cases. Eighteen catheters
failed, 10 within one week of insertion. In 6 instances catheter
failure was due to omentum forming a flap-valve which allowed
fluid to run into the peritoneum but prevented its draining out.
This form of failure occurred only in the first week after inser-

Table 2

Duration of Therapy and Fate of 37 Patients Started on Regular Peritoneal Dialysis from March, 1972, to April, 1974

Weeks on

Peritoneal
Dialysis

Number of Patients

Died During
Peritoneal Dialysis

Transferred for
Catheter Failure

Transferred for
Other Complications

Received Transplant
Direct from

Peritoneal Dialysis

Elective
Transfer to

Haemodialysis

Still on

Peritoneal Dialysis

9 to 4 (6 patients) 1 2 0 2 0
lO 8 (5 patients) 0 2 0 0 3 0

8 to 12 (9 patients) 1 2 0 1 5 0
12 to 26 (13 patients) .. 0 1 0 3 9 0
26 to 52 (2 patients) .. 0 0 0 0 1 1
Over 52 (2 patients) ..

o 0 0 0 1 1
Totals 2 7 4 21 2
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tion of the catheter and three of the episodes occurred in a single
case. In 9 instances the catheter was blocked by fibrinous
material. In 1 case a functioning catheter was removed because
of extrusion of the subcutaneous Dacron cuff, and in 1 case

only was the catheter removed because of peritoneal infection.
Catheter problems led to patients being transferred to haemo-

dialysis on 7 occasions. In the remaining 11 instances, peri¬
toneal dialysis was continued through a second catheter.
Twenty-seven patients had one catheter only, 9 patients had

two catheters, and the one patient with intractable omental
problems had three.

Infection

Peritonitis occurred on 14 occasions in 10 cases. In 7 cases

it occurred on one occasion, in 2 cases it occurred on two
occasions, and in 1 case it occurred three times. This case
was the only one in which infection necessitated removal of the
catheter.

In all cases specimens of peritoneal fluid were taken for
microscopic examination and culture at the start of each dialysis.
When infection was suspected, gentamicin was added to each
exchange in a dosage of 20 mg, the final concentration in the
dialysate being 10 pg/ml. When infection was confirmed, the
administration of antibiotics was continued, and the dialysis
was kept going for 48 hours instead of the usual 24.
The organisms grown in the 14 cases of peritoneal infection

were as follows: Staphylococcus alhus, 5 cases; Staphylococcus
aureus, 3 cases; Pyocyaneus sp. 2 cases; Klebsiella sp., 2 cases;
Escherichia coli, 2 cases. Although these organisms proved to
be sensitive to gentamicin in every case, when staphylococci
were isolated, the antibiotic was changed- to methicillin.
On 7 occasions in 5 cases peritoneal symptoms led to the

institution of antibiotic therapy, but culture failed to confirm
the presence of infection. These "culture-negative" cases
were thought to represent peritoneal irritation, possibly as the
result of osmotic factors.
Peritoneal infection occurred on one or more occasions in

27% of the patients treated, but was a complication in only
1-2% of the 1,161 dialyses.

Pain

A moderate degree of postoperative pain requiring analgesics
occurred after the insertion of the peritoneal catheter and lasted
as a rule for about 36 hr. Diaphragmatic pain, referred to one
or both shoulders, occurred in some cases, particularly in the
early stages of therapy. This pain tended to be maximal at the
end of the peritoneal drainage period. It could be alleviated
in most instances by running in dialysis fluid, and could be
prevented by stopping the drainage part of the cycle before the
abdomen had been completely emptied of fluid.
Discomfort also occurred as the result of abdominal disten¬

sion and during the use of hypertonic (4-25% glucose) dialysate.
This type of discomfort was maximal in the first week or two of
therapy and could be alleviated by adjusting the volume and
composition of the dialysate.
All in all, there was a remarkable degree of patient acceptance

of the procedure, and in no case did a patient require transfer
to haemodialysis because of intractable discomfort.

Late Complications
Persistent ascites occurred in two patients transferred to

haemodialysis after 17 and 19 weeks respectively of peritoneal
dialysis. This problem has been reported by Wang et alii15
and by Singh et alii16. In one patient, this resolved after trans¬
plantation. The second patient (still on haemodialysis) required
abdominal paracentesis on four occasions over eight months;

his ascites then settled. No hepatic, infective or neoplastic
cause for the ascites was found in either patient.

Biochemical Control
The plasma creatinine levels before the initiation of therapy

ranged from 10-1 to 38-3 mg/100 ml (mean, 16-6 mg/100 ml).
Once the patients were established on therapy, their average
predialysis plasma creatinine concentrations, measured at the
end of the longest interdialysis break, ranged from 9-4 to 16-8
mg/100 ml (mean, 12-6 mg/100 ml). Their average blood urea
concentrations ranged from 82 to 253 mg/100 ml (mean, 152
mg/100 ml).
The serum urea and creatinine concentrations are comparable

with those achieved in our standard 1974 haemodialysis regime,
in which patients receiving diets containing 60 g of pro;ein are
dialysed twice a week overnight for 14 hours, with 1 m2 KIIL
plates. In the 18 patients treated by dialysis in this way, the
average predialysis plasma creatinine level after the longest
interdialysis gap was 13-6 mg/100 ml, and the average predialysis
blood urea level was 179 mg/100 ml. As the two groups of
patients were not comparable in terms of residual renal function,
age or weight, detailed statistical comparison would be invalid.
Nevertheless, biochemical control in the peritoneal dialysis
patients was adequate with respect to serum urea and creatinine
levels, and this control was of the same order as that achieved
by out standard haemodialysis technique.

Protein Depletion
Loss of protein in the peritoneal dialysis effluent is significant,

and to counter this we used diets containing 80 g of protein
for the patients dialysed by this route. The amount of protein
lost is about 0 - 5 g per litre of effluent,8 which would amount to
60 g per week in our patients.
The mean plasma albumin concentration of the 37 patients

on peritoneal dialysis was 3-22 g/100 ml. The concentration
ranged from 2-0 to 4-0 g/100 ml.
Plasma albumin concentrations in 18 patients on twice-

weekly haemodialysis ranged from 3-0 to 4-9 g/100 ml, with a
mean concentration of 4 08 g/100 ml and a median concentra¬
tion of 4 -1 g/100 ml. Although the two groups are not directly
comparable, it is obvious that hypoproteinemia is a definite
entity in peritoneal dialysis. Six patients received 14 litres
of plasma between them; all were anorexic at the time when the
protein infusions were required.

Anaemia

Blood transfusion was required by one patient only of the 37
receiving peritoneal therapy. This patient had profuse rectal
haemorrhage, attributed to uraemic colitis. In the remaining
36 patients, haemoglobin values were maintained in the range
5-7 to 9-6 g/100 ml without blood transfusion. The mean
haemoglobinconcentrationwas6-8g/100ml. In the 18patients
referred to above who were receiving twice-weekly haemodialysis,
the mean haemoglobin concentration was 5 • 3 g/100 ml. Seven
of these patients were anephric, however, as compared with only
two of the patients receiving peritoneal therapy.

DISCUSSION

At any one time we have between five and seven patients
receiving peritoneal dialysis. This has enabled us to increase
our transplant pool and to treat patients who would otherwise
have died while awaiting machine spaces.
The results of peritoneal dialysis have, in clinical terms, been

comparable with those obtained with haemodialysis. Bio¬
chemical control has been adequate, blood transfusion has not
been required except for one patient, and complications such as
neuropathy have not appeared.
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There were two deaths in 37 patients over 137 patient-months
of therapy, neither related to the dialysis technique employed.
Heal et alii had nine deaths in 41 patients over 313 patient-
months of treatment; Lankisch et alii13 had 15 deaths in 65
patients over 262 patient-months.
Our comparatively favourable mortality rate is at least in

part a reflection of patient selection. Most of our patients were
relatively young and were free from significant non-renal disease.
Lankisch et alii13 did not culture peritoneal fluid at every

dialysis, but 9-1% of the 638 examinations performed gave
positive results. Heal et alii lost 11 catheters through infection,
and 2 of their patients died of peritonitis. In our series, 1 • 2%
of dialyses were complicated by infection, and infection led to
the loss of one catheter. A possible explanation for the
difference may lie in our policy of avoiding additives to the
dialysis fluid whenever possible, heparin was not used as a
routine, and potassium (when used) was added to the dialysate
by the manufacturers, and not in the ward. Our infection
incidence compares unfavourably with that of 0-5% reported
by Tenckhoff and Curtis.11 Their technique included the use
of an automatic cycling machine; a closed circuit system of
dialysis would appear to carry a lower risk of infection than one
which involves changing dialysis bottles by hand.
The problem of hypoproteinaemia is a real one, but can be

overcome by a suitable diet. Linder and Tenckhoff17 recorded
plasma albumin levels comparable to ours, but found that
when the diet prescribed was actually taken by the patient,
nitrogen balance became strongly positive, despite protein loss
in the dialysate.
The main problem associated with peritoneal dialysis is the

time involved. Only one of our patients returned to full-time
employment while receving peritoneal therapy. She came in
three times a week overnight. Two schoolgirls attended school
for four days a week, and our housewives were able to deal with
their hosehold chores while not in hospital. The remaining
patients were not rehabilitated successfully until they had
received transplants or had been transferred to haemodialysis.
An automatic cycling machine allows unattended peritoneal

dialysis at home during sleep, and overcomes some aspects of

the infection problem.11 14 Such a technique allows rehabili¬
tation, and may make this form of therapy the one of choice for
selected patients with small or calcified vessels, in whom
haemodialysis is technically difficult.
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Gastrointestinal complications occurred in 19 of 290 recipients (6.6%) of the 325 cadaveric
renal allografts undertaken between September 1969 and December 1978. The mortality was
42.1%. Upper gastrointestinal complications, principally haemorrhage, occurred in 12
patients (4.1%), 11 of whom were males, usually within four months of transplantation, and
often associated with acute rejection and its treatment. Surgery was required in five patients.
The overall mortality was 16.7%. Colonic complications occurred in five patients (1.7%), four
of whom died, the absence of specific signs having led to a significant delay in diagnosis.
One patient died from abdominal vascular disease, and one from carcinoma of the

gallbladder.
To decrease the high morbidity and mortality, both medical and appropriate surgical pro¬
phylaxis for peptic ulceration and diverticular disease are necessary, as is an awareness of
the transplant recipient's propensity to develop a gastrointestinal complication at any time,
up to years after transplantation. Early recognition and treatment of such complications are

essential.

Shortly after the advent of clinical renal trans¬

plantation, it became apparent that transplant recip¬
ients were at risk not only from the infective hazards
of immunosuppression, but also from a variety of
gastrointestinal complications. Upper gastrointesti¬
nal haemorrhage from peptic ulceration was one of
the first described (Starzl, 1964). Subsequently
colonic complications were reported, together with
a variety of other conditions such as pancreatitis,
gastrointestinal obstruction, and intestinal vascular
disease (Penn et alii, 1968; Penn et alii, 1970; Had-
jiyannakis etalii, 1971). The high morbidity and mor¬
tality associated with these complications has led
to recommendations for both medical and surgical
prophylaxis, which may be able to decrease but not
eliminate their occurrence.

1. Research Associate; Current address: Department of Surgery,
Wellington Hospital, Wellington, New Zealand.

2. Current address: Professor of Surgery, University of Melbourne,
Melbourne.

Reprints: Dr I. R. Hardie, Department of Surgery, Princess Alexandra
Hospital, Ipswich Road, Woolloongabba, Qld 4102.

This paper reports our experience with gastroin¬
testinal complications occurring in recipients of
cadaveric renal allografts.

Patients And Methods

A retrospective survey has been undertaken of the
case records of all patients who have undergone
renal transplantation at the Princess Alexandra Hos¬
pital in Brisbane, from the commencement of this
unit in September 1969, until December 1978. Three
hundred and twenty-five transplants were per¬
formed in 290 recipients, 175 males and 115 females,
whose ages ranged from seven to 62 years (Figure
1). Two hundred and fifty-six patients received a
single transplant, 33 patients two, and one patient
three grafts.
Prior to transplantation, patients with a current or

past history of dyspepsia were investigated by
endoscopy and/or barium meal X-ray studies, and
ulcer surgery was undertaken on those with an
active peptic ulcer. Patients with symptomatic diver¬
ticular disease similarly underwent elective colonic
resection.
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After transplantation all patients received immu¬
nosuppression in the form of prednisone and azathi-
oprine, the initial dose of each being 3 mg/kg/day.
The prednisone dose was reduced sequentially to 25
mg per day at three months, and 15 mg per day at
one year. With each oral steroid dose all patients
received magnesium trisilicate powder, 0.5 mg in
water. Azathioprine was maintained at 2-3
mg/kg/day, and adjusted according to the leucocyte
and platelet counts. Routine graft irradiation (450
rad) was utilized until 1976. Oral Nystatin suspen¬
sion, and more recently also amphotericin-B
lozenges, have been given routinely. Acute rejection
was treated with either an increase in the oral steroid
dose (prednisone300mg,200mg, 100mg, 100mg) on
four successive days, or by the intravenous adminis¬
tration of 1 gm methylprednisoloneon three succes¬
sive days. Severe vascular rejection, usually
diagnosed histologically by needle biopsy, was
additionally treated with intravenous heparin, fol¬
lowed in some patients by long-term oral
anticoagulants.

Results

Nineteen gastrointestinal complications occurred
in 19 of the 290 recipients (6.6%) whose age distribu¬
tion was as shown in Figure 1. Upper gastrointesti¬
nal complications occurred in 12 patients (4.1%) and
colonic complications in five (1.7%), while biliary
disease and abdominal vasculardisease occurred in
a further two patients. Eight of the 19 patients
(42.1%) died as a result of their complication.

Upper Gastrointestinal Complications
Pretransplant peptic ulcer surgery had been

undertaken in ten of the 290 recipients. Two of these
patients developed a further ulcer after transplanta¬
tion and required additional surgery. In all, 12
patients developed upper gastrointestinal complica¬
tions, with haemorrhage occurring in all 12, one
after simple closure of a perforated duodenal ulcer.
The 11 male and one female patients were aged
between 26 and 50 years (mean 40.8% years). Com¬
plications occurred from eight to 151 days (mean
50.5 days) after transplantation. Symptomatic
uncomplicated peptic ulcers were not detected.
However, in one patient a duodenal ulcer was an
incidental finding at autopsy.

Upper gastrointestinal haemorrhage presented as
haematemesis in two patients, and melaena in ten.
The bleeding site was identified by endoscopy,
occasionally supplemented by barium meal X-ray
examination. Initial treatment was by transfusion,
reversal of anticoagulation when appropriate, and
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Figure 1: Histogram showing age distribution of patients
undergoing renal transplantation, and of those who developed

an abdominal complication (shaded).

antacids; one patient received cimetidine. Surgical
treatment was undertaken for massive or recurrent

haemorrhage.
The most common bleeding site was a duodenal

ulcer, which occurred in seven patients. Oesophagi¬
tis, and antral and duodenal erosions, alone and in
combination, were found in three patients. One
patient had a gastric ulcer, and one multiple small
bowel haemangiomata in addition to antral and
duodenal erosions. At the time their complication
developed, seven of the 12 patients were being
treated for acute rejection, and six patients were
receiving anticoagulants.

Surgical treatment was required in five patients,
all males. The first, aged 36 years, initially had a
perforated duodenal ulcer oversewn eight days after
transplantation, but haemorrhage occurred six days
later from the unhealed ulcer necessitating Polya
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gastrectomy. A duodenal fistula, and subhepatic,
pulmonary, and wound abscesses subsequently
developed, and the patient died four months later in
status epilepticus of unknown cause with a persist¬
ing duodenal fistula. Polya gastrectomy was also
undertaken in the second patient, aged 45 years,
who bled 83 days after transplantation. Prior to
transplantation he had undergone truncal vagotomy
and pyloroplasty for duodenal ulcer. After gastrec¬
tomy he also developed a duodenal fistula with sub¬
hepatic and wound abscesses, but survived with a
functioning transplant, as did the third patient, aged
37 years, who bled from a gastric ulcer 151 days after
transplantation. This patient had undergone a Polya
gastrectomy for duodenal ulcer prior to transplanta¬
tion, and revision of the gastrectomy with excision of
the ulcer was required for the post-transplant hae¬
morrhage. His convalescence was uneventful apart
from abdominal dehiscence 12 days after operation.
In the fourth patient, aged 28 years, a bleeding duod¬
enal ulcer was under-run and vagotomy and pyloro¬
plasty performed. Further bleeding occurred, but
was successfully managed by conservative means,
the patient retaining his functioning transplant. The
fifth patient had a laparotomy, duodenotomy and
enterotomy only, sinc.e no active gastroduodenal
bleeding was found at operation, and multiple small
bowel haemangiomata were also present but were
not actively bleeding. Graft nephrectomy was
undertaken for rejection and the patient survived on
dialysis.
A further patient died from massive haemorrhage

from an acute duodenal ulcer before surgery could
be undertaken. The mortality from upper gastroin¬
testinal complications was thus 16.7%. Haemor¬
rhage in the remaining six patients was successfully
treated conservatively; four survived with function¬
ing grafts, while two subsequently died of sepsis
(one from peritonitis due to rupture of a retroperito¬
neal abscess, and one from pulmonary and cerebral
infection).

Colonic Complications
Prior to transplantation two of the 290 patients had

undergone colonic resection for diverticular dis¬
ease. One of these developed further colonic com¬
plications after transplantation and required further
surgery.
Five patients, aged between 42 and 60 years

(mean 51.4 years), developed colonic complications
nine, 11, 90, 120 and 314 days after transplantation.
Perforation occurred in three male patients and one
female, resulting in diffuse peritonitis in each case.
Haemorrhage from a paracolic abscess cavity from
diverticular disease involving the upper descending

colon occurred in another male, who while on dialy¬
sis had undergone right hemicolectomy for a para¬
colic abscess from a caecal diverticulum.

The onset of colonic symptoms did not coincide
with acute allograft rejection; one patient was, how¬
ever, agranulocytic as a result of immunosuppres¬
sive therapy. The absence of specific clinical
features caused a delay in the diagnosis of a colonic
complication for one, three and four days respec¬
tively in three of the four patients with perforation;
the one patient in whom there was no delay in diag¬
nosis was the sole survivor. All perforations
occurred in the sigmoid colon, and were due to
diverticulitis in three patients, and to an "idiopathic
ulcer" in one.

Laparotomy was undertaken for all colonic perfo¬
rations once the diagnosis was established, but
definitive operative treatment varied. Two of the four
patients had an inflammatory mass present about
the sigmoid colon, but no obvious site of perfora¬
tion, although free intraabdominal gas had been
shown on X-ray examination. Both had abdominal
drainage only; one died of septicaemia within 24
hours, and the other developed a faecal fistula. The
latter patient ultimately survived after a long and
stormy postoperative course involving resection of
the sigmoid colon using Hartmann's procedure, and
the subsequent development of wound and sub¬
phrenic abscesses. Graft nephrectomy had been
undertaken ten days after the initial perforation. In
the remaining two patients the site of perforation
was clearly identified at laparotomy. The first
patient, in whom the perforation was oversewn and a
caecostomy established, died of septicaemia within
24 hours. In the second patient the perforated colon
was exteriorized, but death from sepsis occurred 52
days later, graft nephrectomy having been under¬
taken in the interim. In the patient with haemorrhage
from a paracolic abscess cavity of the upper des¬
cending colon, left hemicolectomy with ileosigmoid
anastomosis was undertaken, the right colon having
been resected for diverticular disease prior to trans¬
plantation. Anastomotic dehiscence seven days
after operation led to pelvic peritonitis, and the
patient died within 24 hours of a further operation to
establish a terminal ileostomy. Mortality from
colonic complications was thus 80%.

Vascular Disease

Intestinal vascular disease occurred in a 40-year-
old woman who developed abdominal pain 3.5 years
after a successful allograft. For many years she had
smoked 15 cigarettes per day; she was not taking
oral contraceptives. Laparotomy revealed a throm¬
bosis of the superior mesenteric artery which could
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not be cleared, and extensive segmental gangrene
of the ileum. Massive small-bowel resection with
jejunocolonic anastomosis was undertaken.
Abdominal pain recurred one week later, due to fae¬
cal peritonitis from anastomotic dehiscence secon¬
dary to inferior mesenteric artery thrombosis and
left colon ischaemia. Death occurred from sepsis
following a jejunorectal anastomosis.

Biliary Disease
One patient, a female aged 42 years, developed

biliary complications. Urgent cholecystectomy was
undertaken for increasing right hypochondriac pain
and tenderness occurring nine months after suc¬
cessful transplantation. Histological examination of
the gallbladder showed acute cholecystitis and
cholelithiasis. One year later she again developed
right hypochondriac pain, with obstructive jaundice.
Laparotomy showed an extrahepatic biliary
obstruction from extensive carcinomatous deposits
in the gallbladder fossa. Death occurred nine days
after operation. Review of the original histological
sections of the gallbladder revealed an infiltrating
carcinoma.

Discussion

Peptic ulceration is the most common gastroin¬
testinal complication after renal transplantation,
occurring in between 3% (Aldrete et alii, 1975) and
22% (Chisholm et alii, 1977) of recipients, and hav¬
ing an overall mortality of 43% (Owens et alii, 1977).
The role of corticosteroids in the multifactorial aeti¬

ology of peptic ulceration is now widely accepted
(Editorial, 1979). Patients with cadaveric grafts have
been alleged to be at greater risk from this compli¬
cation (Moore and Hume, 1969). In this series of
cadaveric grafts, the incidence of upper gastrointes¬
tinal complications was 4.1%, and their mortality
16.7%. The previously reported higher incidence of
peptic ulceration after transplantation in males (Chis-
sholm et alii, 1977), occurrence usually within four
months of transplantation (Penn et alii, 1968; Owens
et alii, 1977), and presentation in association with
acute allograft rejection (Spanos et alii, 1974; Berg
et alii, 1975), were also found in this series.
Both medical and surgical prophylaxis against

peptic ulceration have been advocated (Starzl, 1964-
Hadjiyannakis et alii, 1971). Pretransplant elective
ulcer surgery has been shown to decrease the inci¬
dence of post-transplant ulcer complications (Spa¬
nos et alii, 1974; Owens et alii, 1977; Uhlschmid et
alii, 1977). Such prophylactic surgery is not, how¬
ever, without its own morbidity and mortality
(Uhlschmid et alii, 1977). Furthermore, many
patients who develop a peptic ulcer after transplan¬
tation have no prior history of dyspepsia (Chisholm

et alii, 1977), nor is all upper gastrointestinal hae¬
morrhage due to peptic ulceration, as shown by our
experience in common with that of others (Owens et
alii, 1976; Jones et alii, 1978). Recently the prophy¬
lactic use of the H2 — receptorantagonistcimetidine
has been demonstrated to decreasethe incidence of

upper gastrointestinal haemorrhageaftertransplan-
tation (Jones et alii, 1978). At this centre the routine
prophylactic use of cimetidine has been considered
unnecessary because of the relatively low incidence
of this complication. Our experience to date sug¬
gests that our current approach to medical and sur¬
gical prophylaxis is appropriate.
Conservative treatment was successful in one-

half of the patients with upper gastrointestinal
bleeding. When surgery is necessary, gastric resec¬
tion is probably the best treatment for the most com¬
monly encountered lesion, a duodenal ulcer
(Blohme, 1975; Rasmussen et alii, 1975). However,
the occurrence of a duodenal fistula in two of the
three patients of this series in whom gastrectomy
was undertaken, a problem also experienced by oth¬
ers (Rasmussen et alii, 1975), emphasizes that this
operation is not free from complications. If active
bleeding has ceased, highly selective vagotomy may
be a more appropriate operation since it would avoid
the potential complication of leakage from a slow-
nealing suture line.

Colonic complications have been reported in
between 2% (Carson et alii, 1978) and 4.4% (Thomp¬
son et alii, 1975) of renal transplant recipients. Mor¬
tality is high, between 46% (Carson et alii, 1978) and
80% (Sawyer et alii, 1978). The incidence of 1.7% in
this series is comparable, as is the mortality of 80%.
The most common colonic disease was diverticuli¬

tis, a finding similar to that reported by Penn et alii,
(1970) and Carson et alii, (1978). A variety of other
colonic disorders have been recorded (Powis et alii,
1972; Thompson et alii, 1975; Carson et alii, 1978).

In common with others (Penn et alii, 1970; Thomp¬
son et alii, 1975; Carson et alii 1978; Sawyer et alii,
1978), we have found that colonic perforation may
occur at any time up to years after transplantation,
has symptoms masked by immunosuppressivether-
apy often causing marked delay in diagnosis, and
usually results in diffuse peritonitis. A high mortality
follows from uncontrolled infection. Exteriorization
of the perforated colon, or resection without anasto¬
mosis as advocated by Carson et alii, (1978),
appears to be the treatment of choice.

Elective pretransplant prophylactic colectomy in
patients with symptomatic diverticulardi.sease (Car¬
son et alii, 1978; Sawyer et alii, 1978) would also
seem to be advisable.
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Patients with renal disease commonly also have
extensive vascular disease, so the occurence of
intraabdominal vascular disease is not unexpected.
Superior mesenteric artery thrombosis has a high
mortality in the non-immunosuppressed patient,
and this is unlikely to be decreased in the transplant
recipient, despite the lower chronological age. An
uncommon complication of cholelithiasis, carci¬
noma of the gallbladder, was responsible for the
death of one patient. Gastrointestinal obstruction
and pancreatitis were not encountered in this series.
The immunosuppressed renal transplant recipient

is potentially always at risk from an intraabdominal
complication. Peptic ulceration tends to occur early,
but colonic, abdominal vascular or visceral malig¬
nancy complications may occur years after success¬
ful transplantation. Those responsible for the
long-term care of these patients must always be
aware of their potential to develop them. Approp¬
riate prophylaxis, early diagnosis and prompt treat¬
ment must be utilized to reduce the incidence,
morbidity and mortality of these conditions.
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In a series of 266 patients receiving renal transplants in which an

external ureterovesical anastomosis was used to restore continuity to the

urinary tract, with fistulae occurring in 12.8% and ureteric obstruction in

2-3%. Operative familiarity with the technique was a factor, with the

two most experienced surgeons having a fistula rate of 2.4% and 2.6%

respectively. Seventy percent of fistulae were managed successfully.
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Review of the results of the use of an external ureterovesical anastomosis in 266 renal
transplantations showed that urinary fistulae occurred in 34 patients (12.8%), and ureteric
obstruction in six (2.3%). The fistulae were due to technical failure of the anastomosis in 13
patients, to distal ureteric necrosis in 13, to total ureteric necrosis in six, and to othercauses
in two. Fistula management was successful in 26 cases (76.5%), but multiple operations were
often necessary and wound complications frequent (41.2%). The continuing high incidence
of urological complications following ureterovesical anastomosis has resulted in increasing
use of ureteroneocystostomy as the primary form of urinary reconstruction after transplan¬

tation in this unit.

Of the three anastomoses necessary for renal
ransplantation, that involving the ureter is generally
ecognized as the greatest potential source of
latient morbidity and mortality. The preferred tech-
lique of urinary reconstruction at the majority of
:entres is a ureteroneocystostomy, performed of
lecessity through a cystotomy incision, and with a
eported incidence of complications ranging from
16% (Anderson et alii, 1972) to less than 1% (Liber-
ino et alii, 1978). Some centres have utilized an
jxternal ureterovesical anastomosis with apparently
;omparable results (Woodruff et alii, 1969; Konnak
}t alii, 1975; Hooghe et alii, 1977).
At this centre the majority of ureteric implanta-

ions have been by such an extravesical anastomo¬
sis, and an earlier report showed a 10% incidence of
irological complications in the initial fifty trans¬
plants (Clunie et alii, 1974). Two hundred and sixty-
six transplants have now been performed using this
echnique. The urological complications encoun-
ered in these patients have been reviewed, and form
he basis of this report.
1. Current Address: Department of Surgery, Wellington Hospital,
Wellington, New Zealand.
2. Current Address: Professor of Surgery, University of Melbourne,
lelbourne.

Reprints: Dr I. R. Hardie, Department of Surgery, Princess Alexandra
lospital, Ipswich Road, Woollongabba, Qld 4102.

Patients and methods

From the commencement of renal transplantation
in Brisbane at the Princess Alexandra Hospital in
September, 1969, until December, 1978, 325 trans¬
plants have been performed. Urinary tract recon¬
struction was by ureterovesical anastomosis in 266,
and ureteroneocystostomy in 56, with one each of
uretero-ureterostomy and ureterocolonic conduit
anastomosis, the remaining transplant being
removed before urinary reconstruction was under¬
taken. A retrospective survey has been made of
the case records of those patients in whom ure¬
terovesical anastomosis was used. The 142 male
and 98 female patients ranged in age from nine
to 62 years. Two hundred and fourteen patients
received a single transplant, while the remain¬
ing 26 received two transplants.
All kidneys were removed from cadaver donors

after cardiac arrest, 258 being obtained locally, and
eight through the InterstateOrgan Sharing Scheme.
Warm ischaemia time varied between four and 34
minutes, with a mean of 14.2 minutes. The majority
of kidneys (237) were stored in ice after an initial
cold flush with an "intracellular" solution (87 with
Collins C3, 150 with hyperosmolar C3), while six
were flushed with other solutions. Ice storage time
was between 1.5 and 26.1 hours [mean 8.9
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(S.D. 6.4) hours]. The remaining 23 kidneys were
stored by machine perfusion for up to 36 hours
[mean 19.9 (S.D. 5.6) hours], A single renal artery
was present in 187 kidneys, while 79 (29.7%) had
multiple vessels (72 with double arteries, seven with
three arteries).
The kidney was implanted in the contralateral iliac

fossa using standard techniques for the vascular
anastomoses. The technique of external ureteroves¬
ical anastomosis was adapted from that ofWoodruff
and his associates (1969). A short incision was made
in the bladder muscle, using the cutting diathermy
current and a minimum of dissection, and the
mucosa was opened overa 1.0 cm length. The donor
ureter was shortened until it bled freely and lay com¬
fortably over the bladder incision, and was then
incised on its medial surface over the terminal cen¬
timetre. All coats of the spatulated ureter were anas¬
tomosed to the bladder mucosa with a continuous
suture of 4/0 chromic catgut. The bladder muscle
was then loosely closed over the ureter with two or
three interrupted 5/0 Prolene sutures so as to form a
short tunnel which gave some protection to the
anastomosis but this technique was not intended to
be an antireflux procedure. Continuous catheter
drainage of the bladder was maintained for one
week. Wound suction drainage was always used, the
drains being removed 24 hours after removal of the
urethral catheter. Antibiotics were not used rou¬

tinely. Full details of the technique have been des¬
cribed previously (Clunie et alii, 1974).
The differentiation of a urological complication

from allograft rejection was often difficult. The clini¬
cal features of fever, pain, graft swelling and tender¬
ness, with decline in urine volume and renal
function, may be encountered in either situation.
However, the presence of abnormal wound drainage
was usually diagnostic of a urinary fistula, and bio¬
chemical analysis of the drainage fluid was helpful in
differentiating serous and lymphatic fluids from
urine. Intravenous pyelograms were widely used,
depending on the level of allograft function. Retro¬
grade catheterization of*the transplanted ureter was
used on occasions, as were cystograms, radioiso¬
tope and ultrasound scans, and the intravenous
injection of methylene blue.
Our approach to the management of urological

complications has been one of rapid investigation
and semi-urgent exploration. Treatment was on an
individual basis, varying with the site and cause of
the fistula, but whenever practical an attempt was
made to save the kidney.

Results

The numbers of transplants performed per year,
those in which ureterovesical anastomosis was

Table 1

Number of Transplants, Ureterovesical Anastomoses (U-V.A.), and
Urological Complications by Year.

Number of Number of Urological Complications
Year T ransplants U-V.A. in U-V.A.

Fistulae Obstruction

1969 2 2 0 0
1970 13 13 1 1
1971 17 17 1 0
1972 16 16 2 0
1973 22 22 1 1
1974 28 28 2 1

1975 56 55 6 1
1976 54 44 7 0
1977 53 41 8 2
1978 64 28 6 0

325 266 34 6

used, and the resulting urologicalcomplicationsare
shown in Table 1. Urinary fistulae occuired follow¬
ing 34 transplants, an incidence of 12.9%. Ureteric
obstruction developed after a further six (2.3%).

Urinary Fistulae
Two fistulae into the peritoneal cavity occurred,

the remainder being external via existing drains or
the partially healed wound. The aetiological factors
responsible for fistulae fell into three main groups
(Table 2) — a technical failure at the ureterovesical
anastomosis (13), necrosis of the distal one to three

Table 2

Aetiology of Urinary Fistulae, Number of Procedures Required, and
Outcome of Management.

Number of
Fistulae

Number of Successful
Procedures Management

Technical failure 13 15 13
Distal ureteric necrosis 13 29 9
Total ureteric necrosis 6 9 4
Other (see text) 2 5 0

34 58 26

centimetres of the transplanted ureter (13), and total
ureteric necrosis (6). Two additional fistulae were
due to an isolated area of necrosis in a renal pelvis,
and a calyceal-cutaneous fistula. Technical failure
of the ureterovesical anastomosis was due either to
a pin-point defect in mucosal apposition, a stitch
hole, or suture failure. Fistulae due to technical fail¬
ure usually presented within the first week; other
fistulae occurred later, but all were evident within
25 days of transplantation. In 12 of the 34 fistulae
(35.3%) the allograft had multiple renal arteries.
Ureteric necrosis was the cause of 19 fistulae

(Table 2). All 13 kidneys with distal ureteric necrosis
were stored in ice [mean total ischaemia time 11.57
(S.D. 8.4) hours], and three (23.1%) had multiple
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Table 3

Primary Management of Urinary Fistutae.

Number of Revision Ureterovesical Uretero- Uretero- Uretero- Transplant
Patients Drainage Anastomosis neocy'stostomy ureterostomy pyelostomy nephrectomy

echnical failure 13 2 8 2 1
'istal ureteric necrosis 13 3 17 2
otal ureteric necrosis 6 5 1
>ther (see text) 2 1 1

.rteries; no cause for the distal necrosis was appar-
nt. Of the six kidneys with total ureteric necrosis,
ive were stored in ice [mean total ischaemia time
0.4 (S.D. 8.9) hours], and one by machine perfusion
or 18 hours 31 minutes. The ureter of this last kid-

ley, which had been harvested elsewhere, was
loted at implantation to be ratherdenuded. Three of
hese six kidneys had multiple renal arteries. In two
if these thrombosis of a lower pole artery which had
ieen separately anastomosed to a branch of the
iternal iliac artery in one case, and to the inferior
pigastric artery in the other, was an obvious cause
if the total ureteric and pelvic necrosis. No cause
/as apparent in the remaining kidneys.
Operator familiarity with the technique was a fac¬

er in the number of fistulae due to technical failure,
"he surgeons with the greatest laboratory and clini-
al experience with the method had a low incidence
2.4% and 2.6% respectively), as compared with
lose with lesser experience (8.7% and 15.4%
espectively).
Twenty-six of the 34 fistulae (76.5%) were man-
ged successfully, all fistulae secondary to techni-
al failure being salvaged, with lesser success rates
eing achieved in the other aetiological groups
Table 2). Primary management of fistulae was as
hown in Table 3. Those due to technical failure
■ere usually treated by revision of the ureterovesi-
al anastomosis, while distal ureteric necrosis was

lost commonly managed by ureteroureterostomy,
nd total ureteric necrosis by ureteropyelostomy.
4uItiple procedures (total 58) were often necessary:
tvo fistulae settled with bladder drainage, 15
squired one operative procedure, nine required
mo, seven needed three, and one needed four. In the
litial management of the fistula, nine ureteroure-
sric anastomoses were performed: four of the six in
■hich a silastic stent was used, and all three without
stent, developed a further fistula. Similarly, after
ine ureteropelvic anastomoses, one of three with a
ilastic stent, and five of six without a stent deve-
iped a further fistula.
Transplant nephrectomy was necessary in eight
atients (23.5%). In two this was the primary man-
gement of the fistula because of extensive necrosis
f the ureter and pelvis in one, and gross infection in

the other. The remaining six nephrectomies were
undertaken as secondary procedures because of the
urinary fistula and major wound infection (three
cases, one, with secondary haemorrhage), technical
infeasibility of further repair (two cases), and severe
rejection (one case).
Wound infections developed in 14 of the 34

patients (41.2%); in seven of these a major wound
dehiscence also occurred. Secondary haemorrhage
occurred from the arterial anastomosis in two

patients; one required nephrectomy, and the other,
occurring shortly after nephrectomy for a calyceal-
cutaneous fistula, was fatal. A further patient died
from a pulmonary embolus following three opera¬
tions, including transplant nephrectomy. The mor¬
tality was thus 5.9%.

Ureteric Obstruction

Ureteric obstruction developed in six patients
(2.3%), between 10 days and six months after trans¬
plantation. In two cases obstruction wasduetocom-
pression by the resutured bladder muscle, while a
lymphocele, an ischaemic lower end of the ureter, a
stricture at the ureterovesical anastomosis, and ure¬

teric compression between double renal arteries,
caused one case each. Five of the six cases were

managed successfully, by revision of the uretero¬
vesical anastomosis (two cases), ureteroureteric
anastomosis (two cases), and excision of a lympho¬
cele (one case). Nephrectomy was undertaken in the
patient in whom the ureter was compressed between
double arteries.

Discussion

The 10% incidence of urological complications
initially reported from this unit using ureterovesical
anastomosis (Clunie etalii, 1974) appeared compar¬
able with the urological complication rate expe¬
rienced by many centres about that time (Starzl et
alii, 1970; Pfeffermann et alii, 1976). More recently,
however, centres using ureteroneocystostomy have
been able to report complication rates of less than
10% (Lindstrom et alii, 1977; Morrisef alii, 1978), and
sometimes less than 5% (Leary et alii, 1975; Salva-
tierra et alii, 1977; Libertino et alii, 1978). Although
other centres where ureterovesical anastomosis is
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used have also produced good results (Konnak et
alii, 1975; Hooghe et alii, 1977), this has not been our
experience, for the incidence of urological compli¬
cations at this centre has increased. In common with
others (Starzl et alii, 1970), we have found urinary
fistulae to be more common than ureteric obstruc¬
tion, to occur earlier, and to be more difficult to treat.
Ureterovesical anastomosis does have advan¬

tages compared with ureteroneocystostomy. It is
quicker to perform, involves less pelvic dissection
and blood loss, does not require a separate cystot¬
omy incision, and utilizes a relatively short length of
transplant ureter. Some proponents of the tech¬
nique have stressed its simplicity (Konnak et alii,
1975; Hooghe et alii, 1977), which we believe is
apparent rather than real. A successful ureterovesi¬
cal anastomosis requires familiarity with the tech¬
nique and meticulous attention to detail, as shown
by the lower incidence of fistulae experienced by
those surgeons with the greatest clinical and labora¬
tory experience. A urine-proof anastomosis must be
achieved, as any anastomotic deficiency will
produce a fistula.

Ureteric necrosis causing fistulae occurred fol¬
lowing 19 of 266 (7.1%) transplants; in 16 of these no
cause for the necrosis was apparent. This incidence
is higher than the 3.4% reported by Eickhoff et alii
(1976), and the 1.8% reported by Konnak et alii
(1975), both of whom utilized an external uretero¬
vesical anastomosis. Following ureteroneocystos¬
tomy, ureteric necrosis has been reported in 0.6% of
transplants by Salvatierra et alii (1974), in 1% by
Pfefferman ef alii (1976), in 2.8% by Lindstromef alii,
(1977), and in 3.2% by Morris et alii (1978). Vascular
insufficiency is recognized as the cause of ureteric
necrosis. The importance of a careful donor neph¬
rectomy and avoidance of injury to ureteric vessels
has been repeatedly stressed (Hricko et alii, 1973;
Salvatierra et alii, 1977), and is practised at this cen¬
tre. No relationship between fistulae and cadaver
allografts with multiple renal arteries has been
established in this or other series (Hricko et alii,
1973). Eickhoff et alii (1976) suggested an associa¬
tion between ureteric necrosis and a long cold
ischaemia time, but our results do not support this.
However, kidney preservation technique may be a
factor. The majority of kidneys were stored in ice
after an initial cold flush, and graft function has been
acceptable by world standards (Hardie ef alii, 1979).
Despite this, all ischaemic ureters were in this group,
with the exception of one machine-perfused kidney
which had a rather bare ureter at implantation. It is
possible that machine perfusion produces better
ureteric vascular clearance and preservation than
does the cold flush/ice storage method. However,

the number of machine-perfused kidneys in this ser¬
ies is small, and no conclusions can yet be drawn.
Since few reported series of urological complica¬
tions include details of the method of kidney preser¬
vation used, the answer to this question remains
unclear.

An alternative explanation of the number of fistu¬
lae seen due to distal ureteric necrosis could be
related to the technique of ureterovesical anastomo¬
sis. The ureter is not supported within a long intact
submucosal tunnel as in ureteroneocystostomy,
and any distal ureteric ischaemia will result in a
urological complication, usually a fistula. However,
following ureteroneocystostomy, ischaemic distal
ureters have been observed at cystoscopy within the
submucosal tunnel without fistulae (Leary et alii,
1975), the intact tunnel apparently preventing the
development of a fistula at least from ureters with
more distal necrosis.

Overall 76% of fistulae were managed success¬
fully. However, multiple procedures were often
necessary, and wound complications frequent, as
has also been found by others (Lindstrom et alii,
1977). From our results no firm conclusions on the
value of silastic stents in secondary ureteric recon¬
struction are warranted, although they will continue
to be used. The incidence of ureteric obstruction
(2.3%) was comparable with that reported from
other centres where ureterovesical anastomosis was
used (Konnak et alii, 1975; Hooghe et alii, 1977).

Vesicoureteric reflux has been recognized as
occurring in between 10% and 50% of allografts, the
incidence usually being least when an antireflux
ureteral implant has been used (Powis et alii, 1971;
Yadav et alii, 1972; Debruyneet alii, 1978). The inci¬
dence of vesicoureteric refluxfollowing ureterovesi¬
cal anastomosis was not specifically investigated in
this series because this would have required regular
routine retrograde micturating cystourethrography,
and we have not felt it reasonable to carry out this
investigation in immunosuppressed patients with
uninfected urinary tracts. However, our initial expe¬
rience (Clunie et alii, 1974) showed a 12% incidence
of reflux with simple excretory cystourethrography
at the end of intravenous pyelography examina¬
tions. While this investigation may have underesti¬
mated the true incidence; the relatively low
incidence of demonstrated reflux suggested that the
incidence of this complication was less than might
have been expected. The clinical significance of
vesicoureteric reflux into allograft ureters remains
uncertain, particularly since no correlation with uri¬
nary tract infection has been established (Mathewef
alii, 1977; De Bruyne et alii, 1978). However, if the
report of Mathew et alii (1977) of increased late graft
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ailure from vesicoureteric reflux is confirmed, prior-
y will have to be given to the use of an antireflux
■reteral implant.
The continuing high incidence of urological com-
'liCations following ureterovesical anastomosis at
his centre has led to dissatisfaction with the tech-

lique. The increasing use of ureteroneocystostomy
3 indicative of this dissatisfaction, and ureteroneo-
ystostomy has now become our preferred tech-
lique of urinary reconstruction in renal
ransplantation.
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SKIN CANCER IN CAUCASIAN RENAL ALLOGRAFT

RECIPIENTS LIVING IN A SUBTROPICAL CLIMATE
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This paper reported the results in 290 recipients of cadaver kidney

allografts living in Queensland, which has the highest overall incidence of
skin cancer in the world. A cumulative cancer risk of 44% at 9 years

was demonstrated, but there were only 2 deaths from skin cancer,

indicating that although the problem of skin cancer in transplant

recipients is a very real one, it is not a significant contraindication to the

continued use of cadaver renal transplantation.



Skin cancer in Caucasian renal allograft
recipients living in a subtropical climate
Ian R. Hardic, F.R.A.C.S., Russell W. Strong, F.R.A.C.S, Lionel C.J. Hartley, F.R.A.C.S.,
Peter W. H. Woodruff, Ch.M., F.R.A.C.S., Brisbane, Australia, and
Gordon J. A. C.lunie, F.R.A.C.S.,* Melbourne, Victoria, Australia

Between September, 1969, and December, 1978, 290 patients received 325 cadaveric renal
allografts; 11 others transplanted elsewhere were also observed. Cancers developed in 28
patients (9.3% ); 26 of these (93%) had skin cancers. The incidence of skin cancer increased
by 5% annually after the first year ofgraft function, to a cumulative 44% in those surviving 9
years with functioning grafts. This represents an incidence of 4,356/100,000 person years of
post-transplant risk—20.6 limes the annual incidence of skin cancer in the general population of
Souther) Queensland. Half of the patients had multiple tumors when the frst skin cancer was
diagnosed, after a mean latent interval of 34 months. A total of 138 skin cancers occurred in
26 patients (average, 5.3 per patient), with a maximum of 19 in one individual. The ratio of
basal to squamous cell carcinoma was reversed from 4:1, in the general population, to 1:1,7.
Conventional surgical excision gave satisfactory results, with the one local recurrence being
controlled by reexcision. Two patients (7%) died of melanoma and metastatic squamous cell
ee.rcinoma, respectively, whereas two of the other four patients who died from cancer had
coincidental skin cancer. The two skin cancer deaths represent only 2% of all deaths in allograft
recipients. These results suggest that the problem of skin cancer in these patients can be
controlled and thus is not a significant contraindication to the continued clinical use of cadaveric
renal transplantation.

From the Renal Transplant Unit, Princess Alexandra Hospital, and the Department ofSurgery,
University of Queensland, Brisbane, Australia

One of the most sinister of the many complications
to which recipients of cadaveric renal allografts are
prone is the development of cancer. The increased
risk of de novo malignancy is now well documented,
and clearly constitutes a problem of immense practi¬
cal importance, as well as evoking considerable
biological interest.' In 1971, Walder, Robertson and
Jeremy"' drew attention to the increased incidence of
skin cancer in their immunosuppressed renal allo¬
graft recipients in Sydney, and skin cancers have
subsequently accounted for some 40% of all cases
reported to the Denver Transplant Tumor Regis¬
try.'-' These reports were viewed with some concern
in our center, because the Anglo-Saxon peoples
living in the subtropical climate of Queensland,

Accepted for publication May I, 1978.
Reprint requests: I. R. Hardie, M.D., Department of
Surgery, Princess Alexandra Hospital, Ipswich Rd.,
Woolloongabba. Queensland, 4102, Australia.
•Present address: Department of Surgery, University of
Melbourne. Royal Melbourne Hospital. Melbourne,
Victoria MSO. Australia.

Australia, have the highest incidence of skin cancer
in the world.' We have now carried out a review of
cancer occurring in patients treated by the Renal
Transplant Unit in Brisbane over a 10-year period,
and this report records our experience.

PATIENTS, MATERIAL, AND METHODS
In the period from September, 1969, to December,

1978, 290 patients between 8 and 65 years of age
(Fig. 1) received 325 cadaveric renal allografts. Two
of the 174 males and one of the 116 females were

Aboriginals. The remainder were Caucasians of
predominantly Anglo-Saxon or Celtic descent. Thir¬
ty-four patients received more than one transplant,
33 received two, and the remaining patient received
three grafts. Eleven other recipients (four males and
seven females) also have been observed in Brisbane
for between 2 and 7 years, following renal trans¬
plants in other Australian centers. Five were Queens-
landers who were treated elsewhere before the local

transplant unit was established and who returned to
Brisbane subsequently. One of these 11 patients
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Fig, 1. The age distribution of 801 renal allograft recipi¬
ents living in Brisbane, combining the 290 local recipients
with 11 who received allografts at other centers but who
were followed up in Brisbane.

received the only living, related donor transplant
performed in this series. This relatively homogeneous
group of patients thus had lived virtually the whole
of the period before and after transplantation in the
subtropical climate of centra! and southern Queens¬
land, where there is an average of 2,700 hours of
sunshine annually. Thus they have inevitably had
considerable exposure to sunlight and ultraviolet
radiation in the damaging UV-B range (280 to 320
nm),"
Immunosuppressive therapy following transplan¬

tation consisted of a/athiuprinc and prednisone.
After a loading dose (5 mg/kg), azathioprine was
initially given in a dose of 3 mg/kg/day, the individ¬
ual dose being regulated according to leukocyte
count and renal function. I.ong-term maintenance
therapy was usually in the range 2.0 to 2.5 mg/
kg.'day. Prednisone theraj.% was commenced at a
dose of 3 mg/kg/day and was progressively reduced,
to 40 mg/day at 3 mouths, to 20 mg/day at 1 year,
and to 10 mg/day at 2 years. Ten patients received

Table I. Types of cancer which occurred
ir. twenty-six renal allograft recipients

No. of
Cunctr patients Oiilowie

Chronic myeloid 1 (M) Death t + skin)
leukemia

Reticulum cell sar¬ 1 (M) Death

coma

Adenocarcinoma of 1 (F) Death (+ skint
gallbladder

Adenocarcinoma of I (F) Death

lung
Melanoma 2 (M) 1 death ( + skin)

1 alive: 4 months
( + skin)

Skin cancer 22 (13 M;9 F) 1 death (SCCi
(SCC ± BCC)

21 alive + well

U[tiul: M, mile; F, female; + ikin, «kin cancer alto proem; SCO.
Kjuamoui cell carcinoma; BCC, baul cell carcinoma.

cyclophosphamide (2.0 to 2.5 mg/kg/day) instead of
azathioprine, because of bone marrow sensitivity or
other side effects.
Acute rejection episodes were treated by intrave¬

nous bolus doses ofmcthy(prednisolone (500 to 1,000
mg on alternate days for three doses), and''or
increased oral prednisone (300 mg on the first day.
than 200 mg, 100 mg, 100 mg on the subsequent 3
days). Heparin infusion was used in cases demon¬
strating vascular changes on renal biopsy, and some
of these patients received long-term therapy with
oral anticoagulants. Early in the scries rejection
episodes were also treated with external irradiation
to the graft, (i ,500 rads in divided doses on 3
successive days). When irreversible rejection was
diagnosed, the graft was removed and the patient
returned to maintenance dialysis.
Exposed skin surfaces were carefully examined at

routine follow-up visits. This was repeated every 3
months, but those with a history of skin cancers or
solar keratoses and those with fair skin were exam¬

ined monthly. All suspicious lesions were examined
histologically. Small lesions were subjected to exci¬
sion biopsy in most cases, but some were treated by
cryotherapy after establishing the diagnosis by histo¬
logical examination of scrapings from the lesion. For
large lesions definitive excision and repair was plan¬
ned after incision biopsy or curettage had established
the diagnosis of skin cancer. Standard surgical tech¬
niques were used, with local excision adequately
clear of the margins of the lesion. Conventional wide
excision was used for melanoma.' Repair was by
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primary suture, local skin (lap, or partial-thickness
skin crafts as required. Radiotherapy was used as
primary therapy on one occasion, but otherwise was
reserved for metastatic disease.
For calculations of the cancer incidence in each

sex. all 290 consecutive local recipients were
included, together with the 11 recipients trans¬
planted in other centers. The number of person years
of risk was calculated from each recipient's trans¬
plant date to Dec. Ill, 1978, or to the date of graft
failure by rejection, nephrectomy, or death, for those
not surviving with functioning grafts at this date.

RF.Sl'LTS

Malignant tumours have developed in 2(1 (9.3%)
of the 3(11 renal allograft recipients in this series, 17
males and 11 females (Table 1). The mean age of
patients developing cancer was 44 years (range, 24 to
39 years), and the (irsi tumour appeared at a mean of
33 months (range. 4 to 96 months) after transplanta¬
tion. Tumors of epithelial origin predominated,
occurring in 27 patients and being multiple in 17.
The remaining patient developed reticulum cell
sarcoma 12 months after his transplant and died 2
months later with widespread intraabdominal
disease.
The commonest epithelial tumors were skin

cancers, which occurred in 26 patients, for an inci¬
dence of 11.6% overall, and 93% of the 20 patients
with cancer. These patients had a mean age of 43
years (range. 24 to 59 years), and the mean interval
from transplantation to the diagnosis of the first
tumor was 34 months (range. 4 to 96 months). In 22
patients basal and/or squamous cell carcinoma of
the skin was the only malignancy, whereas two other
patients developed melanoma in addition to other
types of skin cancer. In an additional two patients,
skin cancer was incidental to another malignancy:
one developed acute myeloid leukemia 3 years after
transplantation and died from this 1(1 months later;
the other was found at 9 months after her allograft to
have carcinoma of the gallbladder, which led to her
death 12 months later. The remaining epithelial
tumor was a carcinoma of the lung, which caused the
death of the patient 36 months after transplantation.
( his patient had been treated for melanoma in 1947,
27 years before her renal allograft, but at autopsy
there was no evidence of residual melanoma and no

other skin cancer. Thus skin cancer, including mela¬
noma. was the principal malignancy in 24 (86%) of
the 28 patients with cancer.
The incidence of skin cancer was 4.356 cases per

100.000 post-transplant person years, 4,778 per

60
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o
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l'ig. 2. The cumulative incidence of skin cancer in renal
allograft recipients surviving with functioning grafts. The
numbers on the graph indicate the numbers of patients at
risk during each time interval.

100,000 person years for males, and 3,817 per
100,000 person years for females. In contrast, the
incidence in the general population of Queensland is
211 per 100,000 per year, 265 for males and 156 for
females.' Thus the incidence was 20.6 times greater
than in the general population, with males having a
18 0 times greater incidence and females 24.5 times.
However, since there was a latent period in the
development of dc novo skin cancer, the cumulative
risk of developing this complication was computed
by life-table analysis (Fig. 2). The incidence of skin
cancer rose progressively with duration of graft
function, increasing by about 57c per year after 1
year to a cumulative risk of 447c at 9 years.
Details of the skin cancers which occurred are

summarized in Table II. A total of 138 tumors were

treated in the 26 patients, giving an average of 5.4
skin cancers per patient. Multiple skin cancers
occurred in 19 patients, and 13 (507c) had multiple
tumors at the time of first diagnosis. Four patients
each had more than 10 cancers, with a total of 58
tumors between them, whereas seven patients had
only a single cancer. The preponderance of squa¬
mous cell carcinomata (SCC) reversed the ratio of
basahsquamous cell tumours from 4:1 in the general
population;1 to 1:1.7. Four patients had only basal
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Table II. Skin cancers in twenty-six renal
allograft recipients

Patient Nu. of skin cancers

Age* Kerala- Mela¬
\'o. Sex (yr) SCC acanthoma BCC noma

1 M 37t 2 1

2 M 47 1 1 2

3 M 24 6 2
4 F 48 6 3
5 F 42* 1 1

6 M 38 15 1 3
7 M 38 (l)S IS
8 M 55 9
9 F 32

.
2 2

10 F 41 12 2
11 M 45 4 I

12 M 46 1
13 M 48 1
14 M 54 3 13
15 F 37 5 I
16 M 31 6
17 M 34 2 1
18 M 49 1
19 M 56 3 7
20 F 33 1
21 F 51 1
22 F 52 1 6
23 F 43 1
24 M 59 2
25 M 49 2
26 F 38 3

Total 76 (1 51 t

l.rgtud: Sec Tabic 1.
•Age at time of graft,
tPatient died of acute myeloid leukemia.
tPuiicm died of carcinoma of the gallbladder.
§ Patient died of metastatic SCC (see text).

cell carcinomata (BCC), 10 had only SCC, and 12
had both 1JCC and SCC. Melanoma occurred in two

patients, in addition to their other skin cancers. One
patient developed two melanomas and died from
disseminated disease 2 years after diagnosis of the
second tumor, whereas the other remains well and
apparently free of disease after 9 months. The
majority of skin cancers occurred on exposed areas of
skin (Fig. 3).
Eight lesions were initially reported to be kcratoa-

canihomaia. However, ipsilateral cervical lymphad-
enopathy due to metastatic SCC developed 0
months after excision of one of these front the neck of
a 38-year-old man, who was well ft months after his
second transplant. Radiotherapy achieved a short
remission, but lie died of metastatic SCC 15 months

Singen
I'ebiunn /"o'U

later—2.5 years after transplant—with a functioning
graft. The behavior of this keratoacanihoma indi¬
cated it was really a well-differentiated SCC, and
henceforth all such lesions in this group of patients
were regarded as SCC. Twelve other SCCs were

reported as Bowcn's disease, or SCC in situ. One of
these occurred in vuivai warts removed from a

43-year-old woman 66 months after her transplant.
She was the only patient in whom warts were
associated with the occurrence of skin cancer,

although one other patient had a wart excised some
time after the treatment of her solitary SCC. Four
other patients developed warts, but none has had
cancer.

One hundred and fifteen tumors were treated by
surgical excision, with one local recurrence, a BCC of
the lower lip, which was re-excised 5 months after
the first excision, and has given no further trouble.
Twenty-two lesions were treated by cryotherapy
with two local recurrences treated by further cryo¬
therapy and apparently cured. Another of these
lesions, which was 12 mm in diameter, had not

healed 3 months after cryotherapy and was excised,
but histological examination showed only necrotic
tissue with no residual malignancy. One BCC was
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treated successfully by radiotherapy. One metastasis
occurred from the SCO of the neck which was

originally diagnosed as keratoacanthoma and has
already been described. Marked histological changes
of solar keratosis were noted in the skin around many
of the SC'.Cs. and a number of SCC occurred as a

central focus of more marked histological change in
an area of solar keratosis. This gradation of change
was a frequent occurrence. In addition to the skin
cancers, these 26 patients also had 54 other suspi¬
cious skin lesions excised. Most of these were actinic
or solar keratoses, but several were active nevi.
At the time of transplantation, four other patients

were noted to have skin cancers, but since these had
developed during the period of uremia while on
maintenance dialysis, they have not been included in
the series of post-transplant de novo malignancies.
These tumors were excised after the transplant
operation and have not recurred, nor have the
patients developed any further cancers. A further
live patients had suspicious skin lesions excised, but
all were histologically benign solar keratoses. None of
these patients has yet developed frank skin cancer,
despite the occurrence of these premalignant lesions.
Two other patients developed skin cancer after
transplant nephrectomy and cessation of immuno¬
suppressive therapy. In one the skin cancer occurred
14 months after loss of his second graft, while in the
other skin tumors were excised 2,5,9, and 21 months
after graft nephrectomy, with the kidney having
been rejected at 3 months. In this patient only the
first two skin cancers were included as de novo

cancers arising in association with transplantation
and immunosuppressive therapy.
Six patients died of cancer, giving a mortality rate

of 21% of the patients with cancer, but only 7.2% of
the 83 deaths which occurred in the whole series.
Skin cancer and melanoma were the cause of death
in two (8.3%) of the 24 patients in whom these were
the principal malignancy. This was 2.4% of all
transplant deaths. Two of the patients with skin
cancer (7.7%) have developed other types of malig¬
nancy. compared to two (0.7%) of the 275 patients
without skin cancer, a relative risk of 11.4 (x" "* 4.29
P = 0.038). In each case the noncutaneous cancer

was fatal.

DISCUSSION

The incidence of cancer, particularly skin cancer,
in this series is the highest yet reported in a group of
renal transplant recipients. The overall incidence of
cancer is a disturbing 9.3%, which exceeds the

Australian average of 7%'*' and is between three and
six times greater than that reported front transplant
registries1' '* and from individual groups in the
Northern Hemisphere."' 1,1 This increase is due
entirely to the high incidence of skin cancer, which
was present in 93% of the cancer patients, as
compared to the 77% of the cancer patients in the
combined Australian population of renal transplant
recipients.11 Skin cancer occurred nearly twice as
frequently as reported by Marshall" in transplant
recipients living in Melbourne, where exposure to
sunlight is much less than in Brisbane. Reports from
other less sunny areas, Europe' and temperate
regions of North America,1' show that the Brisbane
incidence of skin cancer is between four and 11 times

higher than elsewhere.
The high incidence of skin cancer in this center is

particularly alarming because Queensland already
ha s the highest incidence of skin cancer in the world. '
Studies from the Minneapolis-St. Paul region of the
U.S.A.,1'" using expected rates based on the popula¬
tion in the same region as the transplant recipients
have demonstrated an increased risk of skin cancer in
such patients of 7.1 times that of the general popu¬
lation. Similar precise population statistics are avail¬
able for Queensland tropical and subtropical
regions, and this has enabled the exact incidence per
100,000 person years of risk to be calculated. The
incidence of skin cancer was thus found to be 20.6
times that of the Southern Queensland population.
One disturbing feature of the current series is the

progressive increase in the incidence of skin cancer,
as the duration of graft function lengthens. Only 3%
of those surviving 1 year with a functioning graft
developed skin cancer within that year, but an
additional 5% develop it during each subsequent
year of survival with graft function, so that by 5
years the cumulative risk of cancer is 23%. However,
the rate appears to increase more rapidly after this,
and after 9 years of graft function is 44%. This trend
has already been observed by other Australian
centers. Marshall" found an overall incidence of skin
cancer of 5%, but this rose to 8% and 17% in those
surviving more than 1 year and 4 years, respectively,
with functioning grafts. The corresponding figures
for the whole Australian and New Zealand trans¬

plant population,'1 which includes both the Queens¬
land and Melbourne figures, were 5% skin cancers
overall, rising to 18% in those surviving more than 4
years.
Calculation of the annual incidence of skin cancer

in relation to duration of graft function is compli-
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catcd by the varying latent period before lite devel¬
opment of the first skin cancer. This period averaged
34 months in the current series, which is comparable
to the Denver series of Koranda and his colleagues."
However, other reports have indicated a range of
latent periods, from 21 months in Sydney recipi¬
ents,'* to 58 months in the later Denver series.'" The
use of life-table analysis to calculate the cumulative
risk of skin cancer, with each patient contributing
precise data for duration of graft function and
development of cancer at the appropriate point in
time, provides an accurate representation of the
situation, and we suggest that this technique should
be utilized in determining the true incidence.
Half of the patients had multiple lesions when first

diagnosed, as compared to 17% in the combined
Australian series'^; whereas the proportions devel¬
oping further skin cancers were 75% and 23%,
respectively. These figures are presumably a rcllcc-
tion of the higher incidence of skin cancer in the
general population of Queensland and suggest a
rather different pattern of disease in our transplant
populations. This assessment is reinforced by the
occurrence of multiple primary BCC in eight of the
26 patients with skin cancer in our series. Four of
these patients have so far developed 13, nine, seven,
and six BCCs, respectively, and only two of the eight
have not developed one or more SCCs in addition to
the BCC. A review of other reports of skin cancer
occurring after renal transplantation revealed only
one patient with more than one BCC.'" In all other
cases the multiple tuipors all have been squamous
cell lesions, and thus the occurrence of multiple
BCCs is almost unique io Australian and Queens¬
land recipients. The average of 5.4 skin cancers per
patient is substantially greater than the average of
2.0 per person living in the subtropical area of
Queensland.1'
It is well established that the skin cancers in

immunosuppressed patients tend to be more aggres¬
sive in their behavior, metastasizing more frequently
than do SCCs arising in the solar-damaged skin of
the general population.1 The only lesion in this scries
to metastasize so far, apart from one melanoma, was
initially reported as keratoacanthoma. In retrospect,
there can be no doubt that this behaved as an SCC,
although the occurrence of metastases from such a
well-difTcrentiated tumor is also unusual. All kera-
toacanthomata are now regarded as potentially
aggressive SCCs and are treated accordingly. Of the
other prcmalignant lesions treated, most were solar
keratoses, in many of which lite early changes of

progression to SCC were noted histologically. There
have been few cases of warts and only one in which
warts were associated with SCC in situ in contrast to

the high incidence of these lesions reported by
Marshall* and by Koranda and associates."
The cause of the increase in incidence of skin

cancer in renal transplant recipients remains unde¬
termined. Clinical observations suggest an accelera¬
tion of the progression of solar keratoses to in situ
squamous carcinoma and subsequently to invasive
carcinoma, so that the combination of allograft,
immunosuppression, and ultraviolet light produces
cancers much sooner than they would normally
occur in the general population. The suggestion that
immunosuppressive therapy impairs the surveillance
function of the immune system is not inconsistent
with this evidence, but it is also possible that the
immunosuppressive drugs may act as cocarcinogens
with ultraviolet light in the induction of skin
cancers." The occurrence of SCCs in warts in some

patients suggests the possibility of potientiation o!
oncogeneic viruses by immunosuppression as a cause
for skin cancer in some transplant patients. The
increased incidence of carcinoma of the cervix" and
the probable role of herpes virus in such malignan¬
cies'7 support this speculation. It is clear that further
investigation is required to elucidate this problem.
Although the common squamous and basal cell

carcinomata of skin ate frequently dismissed a;
trivial entities in the general population, they catinoi
be so lightly regarded in immunosuppressed trans
plant recipients. An attitude of vigilant suspicion i:
required, so that any suspicious lesion is biopsied a
an early stage and misdiagnosis avoided. Further
more, the higher risk of other, more fulniinatint
types of canct;r in patients with skin cancer necessi
tatcs careful follow-up. Reports of elevated serutr
levels of carcinocmbyronic antigen in transplan
recipients with a visceral cancer but not in those wit!
skin cancer" suggest a screening mechanism whicl
could improve the precision of follow-up and lead u
earlier detection of second visceral cancers in thesi

patients.
In our experience skin cancers have respondec

well to conventional surgical and cryotherapeutii
measures and have not necessitated a reduction ii

immunosuppressive therapy. The mortality ran
from skin cancer in our series has so far amounted n

less than 1% of the whole transplant population anc
accounts for only 2% of all post-transplant deaths. A
the present time the continuing occurrence of skit
cancer is largely confined to patients who hav<
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already had multiple lesions excised, and only three
new patients have developed their first skin cancers
since July of 1977. Therefore it is possible that
measures taken to reduce the risk of development of
skin cancer may be having some cllect. The dangers
of sunlight cannot be overemphasized, and patients
are strongly encouraged to avoid undue sun expo¬
sure. to wear wide-brimmed hats, sunvisors, and
protective clothing, and to make regular use of an
effective sunscreen preparation.
The policy of careful follow-up, early biopsy of

suspicious lesions, and education ofstafTand patients
to reduce the risk of skin cancer appears to have
achieved some measure of control of this problem in
this population of transplant recipients living in a
subtropical climate. Despite the disturbing incidence
of skin cancer, the problem is being contained, and
therefore docs not constitute a significant contraindi¬
cation to the continued use of renal transplantation
in the treatment of end-stage renal failure.
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Thomas shunts have been utilized 24 times in 20 patients to provide secondary vascular access
in an often poor-risk group of patients, including children. Twenty ot the shunts were on the iliac
vessels. Five shunts are in current use,.the longest having been in situ tor 83 months. Another
13 shunts provided access until renal transplantation or death of the patient. Six shunts
developed deep infection which usually extended to the Dacron-arterial anastomosis; the
management of these infected iliac shunts was difficult and hazardous. No definite advantage
for the iliac placement of shunts has been established, and its use at this site cannot be
recommended. Although the Thomas shunt can provide good long-term access, our experience

suggests that its use should be limited to that of a "shunt of last resort".

For efficient haemodialysis, repeated and reliable
access to the circulation is essential. This procedure
first became practical in 1960 following the
introduction of the external arteriovenous shunt by
Quinton and his associates'. However, multiple
revision procedures are required to overcome the
frequent complications of thrombosis, infection and
haemorrhage. The internal arteriovenous fistula
described by Brescia et alii2 has a considerably
longer life-span than the external shunt, with fewer
complications: it places no limitations on the activity
of patients and has become the method of choice for
vascular access. However, suitable distal forearm
vessels are not always available for optimal fistula
construction, and alternative internal fistulae such as
vein grafts, elbow fistulae, bovine or P.T.F.E.
("Gore-Tex") grafts, may not always be feasible.

In 1969, Thomas3 described a large-vessel
applique arteriovenous shunt, consisting of an oval

1. F.R.A.C.S., Research Associate. Current address: Department of Surgery,
University of Otago, Wellington Hospital, Wellington, New Zealand.
2. F.R.A.C.S.
3. F.R.A.C.S.
4 Ch.M , F.R.A.C.S.
5. F.R.C.S., F.R.A.C.S.
6. Ch.M., F.R.A.C.S. Current address: Professor of Surgery, University of
Melbourne. Royal Melbourne Hospital, Melbourne.

Reprints Dr I. R. Hardie, Department of Surgery, Princess Alexandra
Hospital, Ipswich Road, Woolloongabba, Old 4102.

Dacron applique or skirt bonded to silastic tubing,
the tubing being covered by a Dacron velour wrap as
a barrier to infection. The Dacron applique allows
suture of the shunt to large vessels, producing a high
flow without encroaching on the lumen. As originally
described, the shunt was placed on the common
femora] vessels with its limbs emerging from and
lying on the anterior aspect of the thigh. In 1972,
May and his colleagues" described an alternative
technique using the external iliac vessels, the silastic
limbs emerging on the anterior abdominal wall. It was
claimed that complications of infection and
haemorrhage were reduced by siting the shunt away
from the groin.
There have been few reports of the extended use

of Thomas shunts, and in particular confirmation of
May's contention that iliac siting reduces
complications is so far lacking. A review of our
experience with the Thomas shunt placed
preferentially on the iliac vessels has therefore been
undertaken.

Methods
In the period from June, 1968 to August, 1980,

452 patients have been admitted to the
dialysis/transplantation programme at the Princess
Alexandra Hospital, Brisbane. Twenty-four Thomas
shunts have been placed in twenty of these patients
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Figure 1: Number of Thomas shunts placed per year. Male patients
are shown by the shaded areas, the remaining areas representing

female patients.

to provide dialysis access. The number of shunts
used per year is shown in Figure 1.

In all cases, the indication for the use of a.Thomas
shunt was failed peripheral vascular access. Ten
shunts were placed electively, and 14 as
semi-urgent procedures, in that the shunt was
required for immediate maintenance dialysis. Twenty
shunts were placed on the iliac vessels (external iliac
15, common iliac 5), using the technique described
by May et alii'. In one patient with staphylococcal
peritonitis, iliac siting of the shunt was deemed
inadvisable, and the shunt was placed on the femoral
vessels. The remaining three shunts, inserted in
1979, were placed on the femoral vessels.
Seventeen patients had a single shunt, two patients
(female, 54 years; male, 24 years) had two shunts,
and one patient (female, 11 years) had three
separate shunts over four years. Sixteen patients
(nineteen shunts) were female, and four male (five
shunts).
A general or spinal anaesthetic was required for

shunts on the iliac vessels, while two on the femoral
vessels were placed under local anaesthesia.
Prophylactic antibiotic administration was not used,
although on 10 of the 24 occasions patients were
receiving antibiotics for other reasons, and these
were continued.

Table 1

Duration and Outcome of 24 Thomas Shunts

Group No. Shunts Av. Duration
(months)

Continuing useful shunt 5 47.6

Patent shunt till transplant 4 12.0

Died from other causes,
shunt patent 9 3.6

Infected shunts 6 30.0

The ages of the patients at shunt placement varied
from eight to sixty-one years, no age group being
predominant. Four children had six shunts, one child
having three separate shunts. These children were
aged 8, 10, 11 and 14 years; of more importance,
however, was their small stature, with weights at
initial shunt placement at 18, 19, 26 and 32 kg.

Results
The current status of the twenty-four shunts is

shown in Table 1. The five shunts currently in use
have been in situ 83, 70, 37, 36 and 12 months. The
first three are on the iliac vessels, the last two on the
femoral vessels. The overall cumulative patency was
95% at six months and one year, and 77% at two and
three years, those patients dying with patent shunts
or receiving renal allografts having been withdrawn
without loss from the group at risk at the time of
death or transplantation.

Thrombosis.— No shunts were lost from thrombosis,
but thrombotic complications led to frequent
hospitalization and occasional operative revision.
Thrombosis of the venous limb of the Thomas shunt
was recorded with ten shunts in eight patients. Two
of these followed successful renal transplantation.
The shunt was usually easily "declotted" by suction
with or without instillation of heparinized saline,
although on occasions the use of a Fogarty catheter
was necessary. Patients were given oral
anticoagulants after the first episode of thrombosis.
Repeated and persisting thrombosis requiring

operative revision of the venous limb was
encountered on nine occasions in six patients. On
seven occasions (four patients) angulation and/or
rotation of the shunt as it came off the iliac vein was

judged to be the cause of the thrombosis. Simple
realignment of the venous limb was successful in
one out of the three attempts; further thrombosis
occurred in the other two patients, both of whom
required the insertion of a new venous limb on the
inferior vena cava. In one patient the thrombosed
venous limb was ligated at the end of the Dacron
wrap, and this stump was left in situ after placing a
new venous limb more distally on the external iliac
vein. Flowever, angulation led to further thrombosis
three months later, necessitating complete removal
of both limbs. The distal site was reconstructed by a
Dacron patch and a new limb placed at the site of the
original limb on the proximal external iliac vein. In the
other two cases thrombosis was secondary to intimal
hyperplasia of the long saphenous vein, on which
the venous limb had been placed, associated in one
case with distortion of the vein due to rotation and
angulation of the shunt.
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In two patients, shunt thrombosis was
demonstrated to be secondary to venous thrombosis
of the host vein. The first had an iliofemoral venous
thrombosis following renal transplantation (both
shunt and thrombus removed), and the second a
common femoral vein thrombosis after revision

surgery on the venous limb of the shunt (resolved
with heparin).
The arterial limb of a shunt Jotted primarily twice.

One case was associated with thrombosis of the
superficial femoral artery in a 61-year-old woman;
local thrombectomy was successful in restoring
flow. In the second case, thrombosis occurred after
seven years due to progressive narrowing of the
shunt orifice by organized thrombus extending
inwards from the neointima lining the Dacron
applique. The occluded arterial limb was replaced by
a new limb at the same site on the proximal external
iliac artery.
Infection.— Superficial, minor, and occasionally
repeated infections were recorded in seven patients
(one culture negative, five growing Staphylococcus
aureus or albus and one Klebsiella). These
superficial infections settled with systemic antibiotic
administration and local care, and caused only
minor morbidity. In six patients, the iliac placement of
the shunt resulted in the Dacron velour wrap not
extending to the level of the subcutaneous tissues,
so that an effective seal was only achieved at the
deeper tissue planes. The minor infections appeared
to be related to the superficial unsealed segment of
the shunt over which skin and subcutaneous tissues
could move.

A further six patients with iliac shunts developed
major infection (Table 2). The typical clinical course
of a patient with an infected shunt was an
intermittent or persistent discharge from about the

shunt, with episodes of acute illness characterized
by local pain, tenderness, erythema and discharge,
and sometimes septicaemia. Such episodes were
controlled by systemic antibiotic administration,
subsiding to a state of persistent discharge.
Staphylococcus aureus was the most common
pathogen. Two patients had lengthy trouble-free
intervals (38; 41 months) prior to the appearance of
infection, and chronically infected shunts were
frequently used for considerable periods for dialysis
until alternative vascular access was established.
Infection extended to the Dacron-arterial

anastomosis in four of the six patients with major
shunt infection. Two patients developed infected
false aneurysms at this site, and a further two an
abscess adjacent to the anastomosis. One of the
latter, who was still immunosuppressed following
transplant nephrectomy and had infection present
elsewhere prior to shunt placement, died of
septicaemia in the immediate postoperative period.
This was the only fatality in the series. Another
patient died of other causes with a chronically
infected shunt.
Removal.— Seven of the twenty-one shunts have
been removed, three following the establishment of
a successful transplant, and four because of
infection. The development of dense fibrous
adhesions about the Dacron component in the false
pelvis made dissection and removal extremely
difficult, and at times hazardous. In two of the three

patients with a successful transplant, the Dacron
applique was left on the vessel wall without apparent
ill effect. However, incomplete removal of the Dacron
in three of the four patients with shunt infections led
to further infection, necessitating reexploration and
complete removal of all foreign material. Vascular
continuity was restored by autogenous vein grafts,

Table 2

Duration of Six Infected Thomas Shunts

No. Time (months) to
first infection

Time (months) from
infection to removal

Total duration
(months) f

Infecting
Organism

1. 35 7 42 Staph, aureis
2. 41 11 52 Staph, aureus
3. 1 20 21 Staph, aureus

Ps. pyocyaneus
4. 4 14 18 Staph, aureus
5. 5 43

Died from other causes;
shunt infected

48 Staph, aureus

6. 1 Died from infection - Ps. pyocyaneus

t Average total duration of function was 30.0 months
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by either patch or interposition graft as required by
the particular situation. No limbs were lost, although
ligation of the common iliac artery was necessary in
one case, and one external iliac artery became
occluded secondarily.
Haemorrhage.— Secondary haemorrhage was
encountered in two patients; in neither instance was
it major or life-threatening.

Discussion
Secondary vascular access procedures are

necessary in dialysis patients in whom standard
procedures have failed. Females predominate
among these patients disproportionately to their
number in the general dialysis population5,
presumably because of their often smaller vessels,
and the resulting difficulty in constructing effective
fistulae. The choice of secondary procedure is to a
large extent a matter of personal or local preference.
Our use of the Thomas Shunt as a secondary
procedure has by no means been exclusive; it has
been a "shunt of last resort". It does provide
excellent blood flow, and can be used almost
immediately in patients without distal vessels. Like
other shunts, however, it is liable to the
complications of thrombosis, infection and
haemorrhage, whether placed on the femoral or iliac
vessels.

Easily reversible shunt thrombosis was relatively
common, and occurred in nine of the twenty-four
shunts (38%), an incidence similar to that reported
by Thomas6. However, irreversible thrombosis of the
venous limb in seven cases appeared to be due to
angulation and rotation of the shunt at its attachment
to the iliac vein. Recurving the shunt in the false
pelvis to enable the limbs to emerge on the anterior
abdominal wall4 alters the 30° angle of take-off from
the vein for which the shunt was designed3, and also
predisposes to rotation of the shunt. Iliac placement
thus carries a significant risk of thrombosis from this
cause, although the occurrence of the problem at
the femoral site indicates the need for great care in
positioning all shunts in their subcutaneous tunnels.
Revision surgery was ultimately successful, and no
shunts were lost from thrombosis. Deep venous
thrombosis as a cause of shunt thrombosis was

uncommon, but did occur twice. The diagnosis may
be made or confirmed by an angiogram via the
shunt, and treatment then directed to the underlying
venous thrombosis.
Shunt infection is potentially the most serious

complication. Deep infection is well recognized as a
major complication of shunts placed on the femoral
vessels, the incidence ranging from 20% (eight of 40
shunts)6, to 36% (four of 11 shunts)7, 52% (14 of 27
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shunts)5 and, in one small series, 66% (four of six
shunts)8. It was because of this high incidence of
infection and secondary haemorrhage that May and
his colleagues4 modified the original technique.
They reported no infection in seven shunts placed on
the external iliac vessels, with a follow-up from five to
seventeen months. However, in the present series
with a longer follow-up, six of twenty shunts on the
iliac vessels have become infected, an incidence
comparable with that encountered when the shunt is
placed on the femoral vessels. Despite this, no
serious secondary haemorrhage occurred in our
series, providing at least partial validation of May's
thesis.

In two patients a trouble-free period (38, 41
months) between shunt placement and the
appearance of infection was observed. Aubert et alii8
reported a similar finding, two patients having
intervals of 24 and 27 months between shunl
placement and infection. Infection in these patients
would appear to be due to colonization of the Dacron
by organisms during episodes of bacteraemia, and
not to operative infection. Prophylactic antibiotics
were not used in this series, although they have been
recommended by others4,5'6. Current trends in their
use indicate that perioperative administration ol
antistaphylococcal antibiotics would be justified in
these patients, although unlikely to prevent late
infections, or overcome the problem of inadequate
sealing at the skin stoma due to the length of Dacror
velour drap being insufficient for iliac placement.
Established shunt infection required removal of

the entire shunt for its control. Before this, however,
it is necessary to provide alternative access, but as
the indication for a Thomas shunt was that of failec
vascular access formidable difficulties have beer
encountered in this regard. This explains in part the
long interval between initial shunt infection and its
removal in some of our patients. In the absence o.
other complications dialysis can be maintainec
through the chronically infected shunt pending the
establishment of alternative access. Peritonea-
dialysis may be a satisfactory alternative for some
patients. The development of dense fibrosis abou
the Dacron and vessels makes removal extremely
difficult, but in the presence of infection failure tc
removal all foreign material completely will inevitably
lead to further infection. Non-infected shunts have
been allowed to thrombose, with the distal Dacror
left in situ.

The majority of shunts in this series were placet
on the iliac vessels. Placement in this site is a more

formidable procedure, and requires either a genera
anaesthetic or a spinal block. Shunt infection hai
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been comparable with that reported for the femoral
site, the removal of infected shunts extremely
difficult, and angulation from iliac placement
responsible for shunt thrombosis. Furthermore, the
presence of a shunt on the iliac vessels precludes or
makes extremely difficult the future use of that site
for a transplant. There would appear to be very little
advantage in placing the Thomas shunt on the iliac
vessels, and future use of Thomas shunts in this unit
will be on the femoral vessels.

In the absence of infection, the Thomas shunt has
Teen of great value in providing access in a difficult
^roup of often poor-risk patients, including small
children. Over one-half of the shunts (14 = 58%)
were successfully used until death of the patient or
ransplantation, and a further five are in current use,
he longest having been in situ for over seven years,
albeit with recent replacement of both limbs
separately following thrombosis. Indeed, Morgan
and Lazarus5 found that the duration of utility of

MEECH ET ALII

Thomas shunts was superior to that of both
saphenous vein grafts and Sparks mandril grafts.
Flowever, the potential complications of thrombosis
(largely remediable) and infection (potentially lethal)
limit its use, which should be restricted to that of a
"shunt of last resort".
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Ureteric Obstruction in the Early
Posttransplantation Period

D. Hooke, B. U. Ihle, A. d'Apice, W.

A 50-year-old white female with terminalrenal failure secondary to polycystic
kidney disease first presented with hyperten¬
sion in 1969 and began chronic hemodialysis
11 years later.
A cadaver renal transplant was subse¬

quently performed with an initial period of
acute tubular necrosis, but renal scans showed
the graft to be well perfused. Maintenance
dialysis was continued. A routine biopsy was
performed on day 9 posttransplant and this
showed mild interstitial and vascular rejec¬
tion. This was treated with i.v. melhylprcd-
nisolonc 1 g on 3 consecutive days and subse¬
quently i.v. heparin was instituted, but was

complicated by a small perinephric hemato¬
ma.

As can be seen from Fig. I, there was an
initial dramatic improvement in renal func¬
tion, which stabilized at an unacceptable lev¬
el, and a further 3 g ofSolumcdrol were given.
Another biopsy was then performed and
revealed moderate vascular rejection, resolv¬
ing ATN, but no evidence of interstitial rejec¬
tion.
A collection, thought at the time to be a

lymphocele, was demonstrated by ultraso¬
nography on April 15, 1981. It was situated
inframedially to the transplanted kidney. A
drainage procedure by percutaneous needle
aspiration was performed on two separate
occasions.
On the second occasion, renal function had

again deteriorated and an antegrade pyelo-
gram was performed after ultrasound had
demonstrated a collection. The antegrade
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pyelogram showed failure of the contrast to
pass down the ureter; however, there was only
minimal dilatation of the pelvicalyceal system
(Fig. 2). A second needle was passed into the
collection, which was aspirated, and the con¬
trast then passed easily to the bladder and
serum creatinine concentration subsequently
declined (Fig. 3A).
Unfortunately, I week later, the patient

presented again with a swollen left leg and
severe pain in the graft and was found to have
an elevated serum creatinine concentration.
At operation, a collection of clear fluid and

old hematoma was found to be obstructing the
ureter. This was drained and marsupializcd
into the peritoneal cavity.
Postoperatively, renal function improved

dramatically initially, but 2 days later again
deteriorated. A collection was again demon¬
strated by ultrasonography, and at reopera¬
tion, the communication with the peritoneal
cavity was found to be blocked by omentum.
A partial omcntcctomy and further marsu¬

pialization was performed. The scrum creati¬
nine concentration returned to normal and has
remained stable for over 12 months.

DISCUSSION

The causes of early acute deterioration in
renal function in transplant patients arc well
described.3 6 Clinically, the most important
are graft rejection and ureteric problems.
Ureteric obstruction occurs in up to 10% of
renal transplants.
Techniques used for exclusion of obstruc¬

tion are ultrasonography and excretory urog¬
raphy. The latter is limited by poor visualiza¬
tion of the renal pelvis when function is
impaired.
We report a case of major ureteric obstruc¬

tion due to a lymphocoele but without signifi¬
cant concomitant dilatation of the drainage
system. The antithesis of this problem is the

Transplantation Proceedings, Vol. XV, No. 2 (June), 1983
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Fig. 1. Clinical course of the patient
during the first 2 months following renal
cadaveric transplantation (see text for
details).

0-3

0-2

0-1

1 10

March

- Haemodialysis

V"\

1 rOp.l
■ Op. 2

J I l_ J L.
20 30 4. 9 16 26 1 10 20

April May

Fig. 2. Antegrade pyelogram, showing failure i
contrast to pass beyond the renal pelvis. Minimal dilati
tion of the pelvicalyceal system is present.
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Fig. 3. (A) Needle within the lymphocoele with contrast passing into the bladder following aspiration. (B)
Contrast outlining the cavity.

widely dilated nonrefluxing ureter that is
demonstrated not to be obstructed by the
Whitaker test.2
In this case, minor dilatation of the pelvis

and separation of the calyces was demon¬
strated by ultrasonography—a situation seen

frequently in our experience, without demon¬
strable obstruction, and thought to be due to
interstitial edema secondary to rejection.

Because of the presence of the lymphocele,
demonstrated by ultrasonography, it was
decided to proceed to antegrade pyelography
and measurement of pressures, as previously
described by Whitaker.2 The antegrade pyelo-
gram (Fig. 2) demonstrated a nondilated sys¬
tem, but failure of contrast to pass down the
ureter. After insertion of a needle into the

lymphocele and removal of fluid (Fig. 3A),
the obstruction was relieved. Contrast was

injected into the lymphocele to more fully
demonstrate the extent of the lymphocele
(Fig. 3B).
The importance of this case lies in the fact

that the usual criterion for the diagnosis of
ureteric obstruction, namely dilatation of the
pelvicalyceal system, was not demonstrable
either on ultrasonography or antegrade py¬

elography.
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Wound Infections Presenting Several Years After
Successful Renal Transplantation

D.M.A. Francis, A.J. d'Apice, and G.J.A. Clunie

IMMUNOSUPPRESSED transplant re¬cipients are renowned for developing
infections which are unusual in origin and
presentation. We describe two patients who
presented with deep infections in their trans¬
plant wound many years after successful renal
transplantation.

CASE 1

A 28-year-old obese female received a renal transplant
in October 1979 for end stage renal failure secondary to
glomerulonephritis. Her postoperative course was compli¬
cated by a urinary fistula, which necessitated ureteric
reimplantation, and an Escherichia coli urinary tract
infection. She had normal renal function and sterile urine
when discharged from hospital, and her daily mainte¬
nance immunosuppression was prednisolone 10 mg and
azathioprine 150 mg. Almost four years after transplan¬
tation she was diagnosed as having Stage IIIA non-
Hodgkins lymphocytic lymphoma which was treated with
cyclophosphamide. After an initial response the lym¬
phoma recurred 9 months later, and she commenced a
course of adriamycin, thiotepa, cyclophosphamide, vin¬
cristine, and high dose prednisolone through an indwell¬
ing Hickman central venous catheter. Chemotherapy was
ceased prematurely because of neutropenia. Two weeks
later she became pyrexial and developed a 3 x 4 cm
inflammatory swelling at the medial end of the scar of her
right iliac fossa renal transplant which had been per¬
formed 4'/2 years previously. At operation a multilocu-
lated wound abscess was drained and a length of nylon
suture was excised from the muscle layer of the abdomi¬
nal wall. Staphylococcus aureus sensitive to flucloxacillin
was cultured from the wound which was treated with

antiseptic dressings and allowed to granulate. Flucloxa¬
cillin was given for 3 weeks and the wound healed after 2
months. Her renal function remained normal. Five
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months later another abscess occurred at the lateral end
of the transplant wound which had been quiescent in the
interim. The abscess was drained and a further length of
nylon suture was removed. The pus contained 5 aureus
sensitive to flucloxacillin. The wound healed slowly by
secondary intention. Three months later the patient's
general condition deteriorated and she died from septi¬
cemia and disseminated lymphoma 5'/j years after trans¬
plantation.

CASE 2

A 34-year-old female underwent renal transplantation
in 1967 for end stage polycystic renal disease. She devel¬
oped an asymptomatic urinary tract infection postopera¬
tively and thereafter urine cultures frequently revealed
mixed coliform organisms. Her renal function was normal
and her daily maintenance immunosuppressive therapy
was prednisolone 10 mg and azathioprine 100 mg. She
developed insulin dependent diabetes 12 years after
receiving her transplant. Seventeen years after transplan¬
tation she had a symptomatic urinary tract infection due
to E coli and gram positive cocci sensitive to cephalexin
which was given for seven days. Culture of a midstream
specimen of urine at the end of the antibiotic course
showed no growth. Three weeks later she presented with a
tender swelling 5 cm in diameter beneath the scar of her
right iliac fossa renal transplant. The patient was febrile
but there were no local signs of inflammation. At opera¬
tion a multiloculated abscess was found within the wound

extending to the lower pole of the kidney. The abscess was
drained and the wound was left to granulate. No suture
material was found. Cultures of the pus revealed E coli
sensitive to cephalexin. The wound healed after 3 months
and currently she remains well without bacteruria.

DISCUSSION

The subject of wound infection in renal
transplantation has been well reviewed.1'3
However, such reports deal only with wound
infections occurring within the first few weeks
after operation, and we have been unable to
find any reports of wound infections present¬
ing several years after transplantation. Fac¬
tors which have been associated with early
infection in primary renal transplant wounds
include diabetes mellitus in recipients,1 the
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use of unrelated cadaver kidneys,' open
wound drainage,4 and postoperative wound
haematomas,5 urinary fistulae' and urinary
tract infections.6

Wound infections in transplant recipients
are frequently insidious in onset and may
cause few clinical signs because of the antiin¬
flammatory activity of immunosuppressive
agents used to suppress allograft rejection. It
is possible that bacteria had been present in
these two wounds since operation and that
overt infection had remained suppressed and
contained for 4'/2 and 17 years respectively. I n
the first case intensive immunosuppression
induced by chemotherapy could have allowed
the infection to increase and overcome local
host defenses. However, it is more plausible
that organisms were seeded in the wound site
following episodes of transient bacteremia,
although this cannot be proven. Bacteremia
has been observed in 40% to 45% of neutro¬

penic cancer patients with indwelling central
venous catheters being treated with chemo¬
therapy for lymphoma or solid tumors.7,8 Sim¬
ilarly, the second patient, who had long-stand¬
ing diabetes mellitus and chronically infected
urine, developed her wound site infection 3
weeks after a symptomatic and relatively
severe urinary tract infection, a condition
which may be complicated by bacteremia in
renal transplant recipients.9
The concept that wound infections occur¬

ring shortly after renal transplantation are
frequently ,due to bacteremic seeding of
wounds has been proposed by MacDonald et
al,10 who reviewed infective complications in
50 consecutive human renal allografts and
found that early concomitant wound and uri¬
nary infections were always due to the same
organisms which were nearly always gram

negative bacteria. They postulated that such
infections were endogenous and that the
organisms were seeded hematogenously from
the colon at the time of impaired immune
competence and decreased local resistance.
Lobo et al6 found that in a series of 174 renal

transplants 12 out of 14 early deep wound
infections were due to organisms originating
from the lower urinary tract, and they
believed that urinary tract organisms could
lead to infection of perigraft tissues by means
other than direct spread. Bacteruria preceded
the wound infections in their patients by an
average of 17 days, an interval which is com¬
patible with hematogenous seeding in the
wound followed by an insidious clinical pre¬
sentation. The wound infection in our second
patient became clinically evident twenty-one
days after a urinary tract infection and was
caused by the same genus of bacteria. In
contrast to early postoperative urinary tract
infections, several studies have shown that
late infections are rarely associated with sig¬
nificant morbidity and do not adversely affect
the function of the transplanted kidney, and
most authors regard late urinary infections as
being of little consequence.9,11"14

A surgical wound is a rare site for infection
to occur so many years after healing is com¬
plete. It is likely that the wound infections in
the two described patients resulted from epi¬
sodes of bacteremia complicating neutropenia
and central venous catheterisation (case 1)
and urinary infection (case 2). Local factors
predisposing to such "metastatic" infections
were the presence of nonasorbable suture
material (case 1), reduced vascularity within
the healed scars, and impaired local defense
mechanisms in heavily immunosuppressed
(case 1) and diabetic (case 2) patients.

REFERENCES

1. Kyriakides GK, Simmons RL, Najarian JS: Ann
Surg 182:770, 1975

2. Clunic GJA: In Chatterjee SN (ed): Organ trans¬
plantation. Bristol, England, John Wright, 1982, p 170

3. Judson RT: Aust NZ J Surg 54:223, 1984

4. Schweizcr RT, Kountz SL, Belzer FO: Ann Surg
177:58. 1973

5. Muakkassa WF, Goldman MH, Mendcl-Picon G,
ct al: 130:17, 1983



130

6. Lobo PI, Rudolf LE, Kricgcr JN: Surgery 491,
1982

7. Lazarus HM, Lowder JN, Hcrzig RH: Cancer
52:2342, 1983

8. Landoy Z, Rotstein C, Lucey J, ei al: J Surg Oncol
26:215, 1984

9. Leigh DA: Br J Urol 41:406, 1969

FRANCIS, o'APICE, AND CLUNIE

10. McDonald JC, Ritchey RJ, Fusclicr PF, ct al:
Surgery 69:189, 1971

11. Martin DC: Arch Surg 99:474, 1969
12. Hamshere RJ, Chisholm GD, Shackman R: Lan¬

cet 2:793, 1974
13. Griffin PJA, Salaman JA: Br Med J 1:710, 1979
14. Ramsey DE, Finch WT, Birtch AG: Arch Surg

114:1022, 1979



116

RESULTS OF STEROID WITHDRAWAL IN RENAL

ALLOGRAFT RECIPIENTS ON LOW DOSE

CYCLOSPOR/NE A, AZA THIOPRINE AND PREDNISOLONE

O'Connell PJ, D'Apice AJFf Walker RG, Francis DMA,
Clunie GJA & Kincaid-Smith P

Clinical Transplantation 2:102-106, 1988



Results of steroid withdrawal in renal allograft
recipients on low-dose cyclosporine A,
azathioprine and prednisolone
O'Connell PJ, d'Apice AJF, Walker RG, Francis DMA, Clunie GJA,
Kincaid-Smith P. Results of steroid withdrawal in renal allograft recipi¬
ents on low dose cyclosporine A, azathioprine and prednisolone.
Clin Transplantation 1988: 2: 102-106.

Abstract: One hundred and five consecutive cadaveric renal allografts
have been studied to evaluate a regime of low-dose cyclosporin A (CsA),
azathioprine (AZA) and prednisolone. The objective was to eliminate
maintenance prednisolone by 6 months without sacrificing graft survival
or adding unacceptable levels of cyclosporin toxicity. Initially all recipients
were started on AZA 2 mg/kg/day, CsA 8 mg/kg/d and prednisolone 15-25
mg/d. AZA was maintained at 2 mg/kg/d and the CsA dose was adjusted
to maintain a trough whole blood concentration of 300^400 ng/ml after
1 month. The prednisolone dose was reduced by 2.5 mg every 2 wk until
it was eliminated, by 4 to 6 months. The 12-month actuarial graft survivals
for primary and non-primary grafts were 86% and 76% respectively. The
12-month actuarial patient survival was 95%. Eleven of the 14 graft losses
were due to rejection and 3 of the 4 patient deaths were due to infection.
The median serum creatinine concentrations at 6 and 12 months post-
transplant were 0.12 mmol/1 and 0.13 mmol/1 respectively. Of the 60
patients who were followed for more than 6 months, 47 (78%) had ceased
prednisolone. Twelve patients had restarted prednisolone 4 d to 14.5
months following its cessation; 10 of these recommenced because of
rejection, 1 because of recurrent focal glomerulosclerosis and 1 because
of a temporary cessation of AZA. Four of these patients again ceased
prednisolone a second time. There were no graft losses and all maintained
good graft function. Seven of the 10 patients who developed rejection after
ceasing prednisolone had a trough whole blood CsA concentration of
less than 300 ng/ml at the time of rejection and 8 were receiving AZA at
less than 2 mg/kg/d. At the time of assessment, 38 (63%) had ceased
maintenance prednisolone, 16 (27%) were receiving triple immunosup¬
pression with a median prednisolone dose of 7.5 mg/d (range 1-12.5 mg/
d) and 6 were receiving AZA and prednisolone. In conclusion this protocol
allows most renal allograft recipients to safely cease prednisolone without
compromising their graft function or survival.

Philip J. O'Connell, Anthony J. F.
d'Apice, Rowan G. Walker, David M. A.
Francis, Gordon J. A. Clunie and
Priscilla Kincaid-Smith

Departments of Nephrology and Surgery, The
Royal Melbourne Hospital, Victoria, Australia

Key words: cyclosporine - prednisone - renal
allograft - immunosuppression.
Dr. P. J. O'Connell, Dept. of Nephrology, The Royal
Melbourne Hospital, Victoria, 3050, Australia.

Accepted for publication 9 February 1988

Long-term corticosteroids, even in low doses, are
known to cause major side effects in renal allograft
recipients (1, 2). Therefore, when cyclosporin A
(CsA) was first used in clinical transplantation by
Calne et al. (3) it was proposed that it be used as
sole therapy, eliminating the need for maintenance
corticosteroids. However, CsA nephrotoxicity has
proved to be a major problem (4, 5, 6, 7) and is,
in part, dose-dependent (8, 9), thereby limiting its
effectiveness as single-agent therapy. Furthermore,
studies have shown that adding prednisolone and
lowering the dose of CsA reduces toxicity and re¬
sults in less rejection (10, 11). This has resulted

in most centers using CsA in combination with
prednisolone.
Therefore, if maintenance prednisolone is to be

eliminated from long-term treatment protocols, an¬
other immunosuppressive agent needs to be used
with CsA in order to maintain good graft function
and minimal nephrotoxicity. Recent experimental
studies have demonstrated synergism between aza¬
thioprine (AZA) and CsA (12). This synergism, in
conjunction with the steroid-sparing effects of CsA,
may make it possible for maintenance prednisolone
to be eliminated. We therefore devised a protocol
combining AZA, low dose CsA and a tapering dose
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Steroid withdrawal on triple therapy

of prednisolone which was to be stopped by 6
months post-transplant. This report describes our
experience with this protocol and shows that main¬
tenance prednisolone can be stopped in most pa¬
tients when this combination is used.

Patients and Methods

Patient population. A total of 105 consecutive cada¬
veric renal allografts were performed in 104 recipi¬
ents over a 2-yr period. Sixty-five patients were
males and 40 were females, with a median age of
37 yr (range 7-60 yr). Twelve recipients were aged
less than 16 yr. All grafts were allocated according
to the best HLA B and DR match as part of the
Australian interstate organ sharing scheme. Ten
had an identical HLA B and DR match, 38 had a

three-antigen match, 37 a two-antigen match, 15 a
one-antigen match and 5 a complete mismatch. All
patients received at least three blood transfusions
from unrelated donors prior to transplantation.
Seventy-eight of the allografts performed were pri¬
mary grafts, 22 were second grafts, 4 were tertiary
and 1 patient received his fourth graft. The median
follow-up was 8 months (range 0.5-24 months).

Immunosuppressive therapy. All patients received
the same immunosuppressive protocol, regardless
of whether they were undergoing a primary or
subsequent transplantation. Pre-operatively they
received AZA 3 mg/kg orally and hydrocortisone
100 mg iv intraoperatively. On the 1st post-operat¬
ive d AZA was reduced to 2 mg/kg/d, 200-400 mg/
kg iv. of hydrocortisone was given (depending on
patient size) and CsA was commenced at 5 mg/
kg/d by continuous infusion. On subsequent days,
AZA was maintained at 2 mg/kg/d orally and oral
prednisolone was started at 15-25 mg/d (again de¬
pending on patient size). If, after d 1, there was
initial graft function oral CsA was given at 8 mg/
kg/d. If there was initial non-function the CsA dose
was 4 mg/kg/d. CsA was stopped completely if
there was no graft function by d 10 and reinstituted
when aedequate function had been obtained. AZA
and prednisolone were given as single (morning)
doses, while CsA was a twice daily divided dose.
After the initial post-operative period AZA was
maintained at 2 mg/kg/d unless leukopenia re¬
quired dose reduction. The CsA dose was adjusted
to maintain a trough whole blood CsA concen¬
tration of 400-600 ng/ml for the 1st month and
then the dose was reduced to maintain a trough
concentration of 300-400 ng/ml subsequently. The
prednisolone dose was reduced by 2.5 mg every 2
wk, with the aim of halting maintenance pred¬
nisolone completely by 6 months. All rejection epi¬
sodes were treated with a course of oral pred¬

nisolone at a dose of 300, 200 and 100 mg on
consecutive days. Steroid resistant rejection was
treated with antilymphocyte globulin (Upjohn) 15
mg/kg/d for 14 d or OKT3 (ORTHO) 5 mg/d for
10 d.
Rejection episodes were proven by renal biopsy.

CsA nephrotoxicity was defined as a rise in serum
creatinine that subsequently decreased with lower¬
ing of the CsA doses and was supported by evi¬
dence of CsA nephrotoxicity on renal biopsy.
Whole blood CsA levels were calculated by ra¬
dioimmunoassay.
Infectious episodes were confirmed by labora¬

tory diagnosis after initial clinical evidence of infec¬
tion. Graft loss was defined as returning to main¬
tenance dialysis, graft nephrectomy or patient
death with a functioning graft. Actuarial methods,
as calculated by the Statistical Package for the
Social Sciences (SPSSx), were used to calculate pa¬
tient and graft survival.

Results

The 12-month actuarial graft survival for primary
and non-primary grafts was 86% and 76% respec¬
tively (Fig. 1). The 12-month actuarial patient sur¬
vival was 95%. Eleven grafts were lost to rejection,
2 from renal vein thrombosis in the early post¬
operative period and 1 technical failure followed a
repair of a renal artery stenosis at 6 months post-
transplant. Graft loss from rejection occurred in
the first 2 months post-transplant except in 1 pa¬
tient who lost his graft at 5 months. All were still
on their original starting dose of prednisolone, i.e.
15-25 mg/d, except the latter patient who was tak¬
ing 17.5 mg/d. There were 4 patient deaths; 2 from
bacterial septicemia, 1 from cytomegalovirus pneu¬
monitis and 1 from post-operative complications
following surgery for a bowel obstruction.

Actuarial Graft Survival
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Fig. 1. Actuarial graft survival for primary ♦ and non-primary
O grafts.
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Fig. 2. Serum creatinine values in all patients at 6 and 12
months. The median serum creatinine (*) at 6 and 12 months
was 0.12 mmol/l and 0.13 mmol/l respectively.

Twenty-eight recipients (27%) never had a rejec¬
tion episode, 50 (48%) had one rejection episode
and 27 (25%) had two or more rejection episodes.
The median serum creatinine concentration at 6
and 12 months was 0.12 mmol/l and 0.13 mmol/l
respectively (Fig. 2). Seventeen recipients (16%)
developed CsA nephrotoxicity. Eight (8%) had se¬
vere nephrotoxicity requiring cessation of CsA.
However, 4 of these had CsA reinstituted because
of severe ongoing rejection and/or problems with
leukopenia; 2 of these patients subsequently lost
their grafts. A further 8 patients had CsA nephro¬
toxicity which responded to dose reduction. One
patient had to stop CsA because of nausea and 1
had the drug withdrawn because of poor com¬
pliance. Twenty-six recipients (25%) developed
AZA-induced leukopenia. AZA was stopped per¬
manently in 6 (6%) patients and dose reduction
was required in the remainder.
Infectious complications developed in 26 recipi¬

ents. Eighteen developed cytomegalovirus, herpes
zoster or herpes simplex infection. Except for 1
fatal case of cytomegalovirus pneumonitis, most of
these viral infections were mild and were managed
on an out-patient basis. There were 3 cases of
bacterial septicemia and 5 of post-operative pneu¬
monia or atelectasis.

Fig. 3. Summary chart of the treatment regimes used in all
patients who have been grafted more than 6 months. Thirty-
eight patients (63%) have been maintained long-term off-pred-
nisolone, 16 (27%) are still on triple immunosuppressive ther¬
apy and 6 are on AZA and prednisolone.

Sixty patients were followed for more than 6
months and a summary of their immunosuppres¬
sive treatment is shown in Fig. 3. Forty-seven pa¬
tients (78%) were able to cease prednisolone. The
median follow-up off-prednisolone for this sub¬
group was 9.5 months. During that time 1 patient
was converted to AZA and prednisolone because
of intolerance to CsA and 12 have recommenced

prednisolone; 10 because of rejection, 4 d to 14.5
months after ceasing prednisolone, 1 because of
temporary cessation of AZA and 1 because of re¬
current focal glomerulosclerosis with nephrotic
syndrome in his graft. Four of these 12 patients
were able to cease prednisolone a second time with¬
out any adverse effects. All rejection episodes off-
prednisolone responded to either high-dose oral
prednisolone or the recommencement of oral pred¬
nisolone at 25 mg/d. None required antilympho-
cyte globulin or OKT3. Of the 10 patients who
developed rejection episodes after stopping pred¬
nisolone, 7 had a trough CsA concentration of less
than 300 ng/ml and 3 were on CsA alone without
AZA while 5 others had an AZA dose of less than
2 mg/kg at the time the rejection was diagnosed.
These results are summarized in Table 1. None of
these 12 patients lost their graft and all maintained

104



Steroid withdrawal on triple therapy

good graft function with serum creatinines ranging
from 0.08-0.20 mmol/1. Thirteen recipients never
ceased prednisolone; 6 were on AZA and pred¬
nisolone and 8 continued with triple therapy. Of
the 8 patients on triple therapy who were unable
to cease prednisolone, 7 had either recurrent severe
rejection with poor graft function (6 patients) or
late rejection associated with prednisolone dose re¬
duction and which responded to a dose increase (1
patient). One patient with systemic lupus erythema-
tosis was maintained on low-dose oral prednisolone
beyond the time required by the protocol despite
having good graft function. In all, 16 patients
(27%) were on triple therapy at the time of assess¬
ment, with a median prednisolone dose of 7.5 mg/
d (range 1-12.5 mg/d).

Discussion

The long-term side-effects of corticosteroids are
numerous and include obesity, diabetes, cataracts,
osteoporosis and poor growth in adosescent and
pediatric patients. These problems have prompted
some centers to avoid their use. CsA has been

successfully used as a sole agent (3, 4). However,
nephrotoxicity has been a common problem as the
dose necessary to maintain aedequate immunosup¬
pression is relatively high. Other centers have tried
to eliminate prednisolone at 6 or 12 months but
this has resulted in a high incidence of rejection (10,
13, 14). Furthermore, earlier studies have indicated
that both nephrotoxicity and rejection are reduced
when prednisolone is added to CsA (10, 11).
In recent years some centers have used a combi¬

nation of AZA, CsA and prednisolone and have
shown it to be a safe and effective immunosuppres¬
sive protocol (15, 16, 17). Graft survival is similar
to centers where CsA and prednisolone has been
used but problems with nephrotoxicity are fewer

Table 1. Immunosuppressive treatment and CsA levels taken at the time of
rejection in all patients with rejection whilst off prednisolone. A = AZA dose
in mg/kg and C = CcA dose in mg/kg

Days post
Patient cessation Treatment CsA level
no. pred. at rejection ng/ml

1 25 days A 0.9, C 5 240
3 4 days A 0, C 4 290

11 12 mo. A 1.5, C 4 <100
14 2.0 mo. A 1.2, C 6 213
15 7 mo. A 0, C 8.3 444
16 2.5 mo. A 2, C 6 246
26 11.5 mo. A 1.5, C 6 176
42 2 mo. A 0.9, C 2.5 534
48 8 days A 2, C 6.5 664
53 14.5 mo. A 0, C 5 141

and serum creatinine values are lower (12, 13). This
study would add further support to this, with a 1-
yr graft survival of 86% for primary grafts and a
median serum creatinine at 12 months of 0.13

mmol/1.
The benefit of this type of protocol is the ability

to use a combination of agents at lower doses,
thereby limiting side effects, especially CsA neph¬
rotoxicity. In addition, it seemed likely that the
steroid-sparing effect ofCsA would allow mainten¬
ance corticosteroid to be stopped completely. The
results of this trial confirm this. Nearly two-thirds
(63%) of graft recipients have been able to cease
corticosteroids. Problems with nephrotoxicity are
fewer and graft function is comparable with those
recipients maintained on AZA and prednisolone.
Nephrotoxicity did occur in 16% of patients even
though low doses of CsA were used. However, this
was easily managed as the risks of dose reduction
were slighter because of the concomitant use of
AZA. In fact, problems with AZA toxicity proved
to be greater than those of CsA toxicity and oc¬
curred in over one-quarter of patients. This may
be due to a possible enhancing of AZA's marrow
toxicity by CsA, as suggested in animal studies (12)
or due to the prior treatment with cyclosphospha-
mide in many patients during their pre-transplant
period.
There is little evidence to suggest that these pa¬

tients were excessively immunosuppressed by using
this combination of immunosuppressives. Rejec¬
tion was still the major cause of graft loss and
patient morbidity and mortality from infection was
within acceptable limits. Furthermore, 7 of the 10
patients who experienced a late rejection episode
after stopping prednisolone were found to have a
CsA trough whole blood concentration below 300
ng/ml at the time of rejection and 6 of these 7 were
receiving AZA at less than 2 mg/kg/d. This would
suggest that higher CsA doses are necessary if opti¬
mal doses of AZA cannot be maintained, as most
of the late rejection episodes after ceasing pred¬
nisolone were in patients who were on suboptimal
doses of both CsA and AZA. We now ensure that
all patients who have ceased prednisolone maintain
a trough CsA level above 300 ng/ml in the initial
12 to 18 months post-transplant.
This study has shown that, by using CsA with

AZA, long-term oral prednisolone can be elimin¬
ated in the majority of patients and low doses of
prednisolone can be used even in patients with less
favorable graft function. Already we have reported
encouraging "catch up" growth in adolescent and
pediatric patients who have been able to stop pred¬
nisolone (18) and we would expect a lower inci¬
dence of long-term complications such as cataracts,
osteoporosis, hypertension and obesity. This has
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been achieved without sacrificing good graft sur¬
vival and without major problems with nephrotoxi¬
city.
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Nineteen children receiving primary, secondary and tertiary cadaver

renal transplants and treated with low dose triple immunosuppression

demonstrated a graft survival of 86% at 2 years without mortality and

with satisfactory catch up growth when steroids could be eliminated at

an early stage.



Cadaver Renal Transplantation in Children Using Low Dose
Triple Immunosuppression
D.M.A. Francis, R.J. Millar, R.G. Walker, A.J.F. d'Apice, and G.J.A. Clunie

GRAFT SURVIVAL and post-operative growth weredisappointing in children who received cadaver renal
transplants before the introduction of cyclosporine (CsA).u
We have used an immunosuppressive regime' of low dose
CsA, azathioprine (Aza) and short-term prednisolone (Pred)
in 19 children following cadaver renal transplantation, with
the aim of minimising drug side-effects and yet maintaining
adequate immunosuppression.

PATIENTS AND METHODS

Between June 1985-July 1988, 19 children (11 males) received first
(IS), second (two) or third (two) cadaver renal transplants. Median
age was 10 years (range 5 to IS) and median weight was 21.1 kg
(range 15.0 to 60.5). Primary renal diseases were reflux nephropathy
and/or renal dysplasia (five patients), medullary cystic disease
(five), focal glomerular sclerosis (three), hemolytic uremic syn¬
drome (two), rapidly progressive glomerulonephritis (two), cystino-
sis (one) and primary oxalosis (one). Fourteen children were trans¬
planted from peritoneal dialysis and five from hemodialysis. Median
duration of dialysis was seven months (range 2 to 89). All patients
were transfused pre-operatively. Kidneys were allocated according
to HLA match within the Australian interstate organ sharing
scheme. Median age of cadaver donors was 18 years (range 2 to 48);
seven donors were IS years or less. The immunosuppressive regime
commenced pre-operalively with Aza 3 mg/kg and hydrocortisone
SO mg IV. CsA 5 mg/kg/d IV, Aza 2 mg/kg/d IV and hydrocorti¬
sone 200-400 mg/d IV were given for the first two post-operative
days. Subsequent oral medication consisted of CsA 8 mg/kg/d, Aza
1-2 mg/kg/d and Pred 0.25-0.5 mg/kg/d; in cases of primary
non-function oral CsA was reduced to 4 mg/kg/d or less. CsA was
given orally to maintain whole blood trough levels (radioimmunoas¬
say) between 400-600 ng/ml for the first month and 250-400 ng/ml
thereafter. Acute rejection, confirmed by biopsy, was treated with
additional oral Pred 4 mg/kg, 3 mg/kg and 2 mg/kg on consecutive
days. Steroid-resistant rejection was treated with monoclonal anti¬
body Orthoclone OKT3 (Ortho Pharmaceutical Corp, New Jersey)
for 10 days. The surgical technique has been described previously.'

RESULTS

Median follow-up was 27 months (range two to 38). There
were no deaths. One graft was lost from acute rejection after
five weeks and another was lost from chronic rejection after
14 months. One and two year actuarial graft survival rates4
were 94% and 86% respectively. Ten children (53%) did not
experience any acute rejection; three children (16%) had one
rejection episode, three (16%) had two episodes and two
(11%) had three episodes. Only one child experienced ste¬
roid-resistant acute rejection, which did not respond to
OKT3.
CsA was maintained in all children. Mean (±ISD) daily

CsA dosages at 1,6, 12, 18 and 24 months were 10.1 (±2.5)
mg/kg (n - 18), 8.4 (±2.7) mg/kg (n - 16), 7.2 (±2.1)

mg/kg (n - 12), 6.7 (±1.7) mg/kg (n - 10) and 6.5 (± 1.5)
mg/kg (n - 10) respectively. Mean (±ISD) daily CsA
dosages at 6 and 12 months for patients who had ceased
steroids were 8.17 (±2.5) mg/kg (n - 10) and 6.49 (±1.8)
mg/kg (n - 7) respectively, and 8.8 (±2.9) mg/kg (n - 6)
and 8.1 (± 2.3) mg/kg (n - 5) respectively for those who had
not. It was possible to discontinue Pred in ten of 16 children
(63%) by six months, 12 of 15 (80%) by nine months and
seven of 12 (58%) by 12 months. Two children experienced
acute rejection after stopping Pred and one of these has
required long-term Pred in addition to CsA and Aza. Pred
was recommenced in a third child 12 months after transplan¬
tation but was not succesful in reversing chronic rejection.
Another child developed recurrent focal glomerular sclerosis
in the transplant after stopping Prcd, which was resumed for
a further 12 months. Three patients currently taking Pred at
six months are on reducing regimes. Aza was discontinued in
one child at three months because of leucopenia. Aza was
ceased temporarily or reduced in dosage because of leucope¬
nia in 7 other children. Mean (±ISD) daily Aza dosages at 1,
12 and 24 months were 1.6 (±0.7) mg/kg (n - 17), 1.4
(±0.7) mg/kg (n - 10) and 1.6 (±0.6) mg/kg (n - 9)
respectively.
Serum creatinine concentrations (median and range) at 6

months (n - 16), 12 months (n - 12) and 24 months
(n - 10) were 80 #tmol/l (60-140), 90 /tmol/1 (70-520) and
110 jimol/1 (60-360) respectively. The children with the
highest creatinine concentrations at 12 and 24 months had
chronic rejection and recurrent oxalosis respectively.
Hypertension' was present in 11 of 18 children (61%) at

latest follow-up. Eight of 12 children (67%) who received
adult kidneys and 3 of 6 children (50%) who received
paediatric kidneys were hypertensive. Six of the 11 (55%)
hypertensive children, but none of the 7 normotensive chil¬
dren, were taking Pred (x1 - 5.72, d.f. - 1, p < 0.02). The
daily CsA dosage (mean ± ISD) was similar in the hyperten¬
sive and normotensive groups, (8.7 ± 2.8 mg/kg and
7.8 ± 2.3 mg/kg, respectively).
All children were below the 50th percentile for growth at

the time of transplantation. All of the 12 children with
functioning grafts at 12 months had grown and 10 (83%)
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exhibited catch-up growth, as indicated by a positive change
in their height standard deviation scores (median - +0.6,
range +0.2 to +2.6).

DISCUSSION

Low dose CsA, Aza and Pred has permitted satisfactory
survival of cadaver renal allografts in 19 children. Notably,
more than half of the children did not experience acute
rejection. We wished to eliminate the side effects of mainte¬
nance steroids, particularly Cushingoid appearance and
growth retardation, and so aimed to cease Pred by six
months. This was achieved in about two thirds of patients,
while maintaining low dose CsA and Aza and achieving
satisfactory renal function. Interestingly, two patients expe¬
rienced acute rejection episodes after stopping Pred, suggest¬
ing that either Pred was reduced too rapidly or they were
"steroid dependent."
Successful transplantation using this immunosuppressive

regime has allowed all children to grow and most have shown
some degree of catch-up growth. Of the five children (26%)
currently taking Pred, only one has slight Cushingoid facies
and is maintained on 0.16 mg Pred/ kg/d. Wc believe that
avoidance of further growth retardation and Cushingoid
appearance is a particularly important aspect of paediatric
renal transplantation.

Hypertension occurs frequently with CsA therapy and Ih
been attributed to increased peripheral vascular resistant—
Hypertension was present in 11 of 18 children (61%) and w—
not related to CsA dosage. Pred was identified as a signi—
cant risk factor for hypertension in this small series .

children maintained on low dose CsA. Longer follow-up of™
larger series is required to assess the interrelationship »
CsA, Pred and hypertension in children treated with th—
regime.
In conclusion, the described immunosuppressive protoa—

is safe and has allowed satisfactory patient and cadaver gra,
survival without significant toxicity. Most children have bee™
maintained on relatively low dose CsA without concomitan
steroids, thereby eliminating a major source of long-ten™
morbidity.
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SPONTANEOUS RENAL ALLOGRAFT RUPTURE: A DISAPPEARING
PHENOMENON IN THE CYCLOSPORINE ERA?

Amanda J. Robertson, David M. A. Francis, Robert J. Millar, Gordon J. A. Clunie,
Rowan G. Walker

Departments ofSurgery and Nephrology, Royal Melbourne Hospital, Parkville, Victoria

Spontaneous renal allograft rupture occurred in six patients in a series of 384 consecutive renal transplants
performed between July 1983 and December 1990. All cases occurred in patients treated with Azathioprine
and Prednisolone, and none occurred in patients immunosuppressed with Cyclosporine. Acute allograft rejec¬
tion was the underlying cause of rupture. All patients underwent urgent operation and repair of the ruptured
transplant. Four patients had good renal function 74-84 months after repair, while two returned to dialysis 3
and 65 months after repair because of irreversible rejection.

Key words: Cyclosporine, renal allograft rupture, renal transplantation.

Introduction

Spontaneous rupture of renal allografts is tin un¬
usual complication of renal transplantation and has
an incidence ofO.3-9.6%.1,2 It is a potentially life-
threatening event and is associated with significant
graft loss due to major disruption of the kidney
or allograft rejection.1"6 The principal cause of
allograft rupture in reported cases is swelling of the
transplanted kidney and this is due to severe acute
rejection in over 80% of cases. '~14-6 Introduction of
the immunosuppressive drug Cyclosporine ('San¬
dimmune', Sandoz Pharmaceuticals, New Jersey,
USA) in the 1980s has resulted in better control of
renal allograft rejection and reduced graft loss from
rejection compared with conventional immunosup¬
pression with Azathioprine and Prednisolone.15-16
This paper describes six cases of spontaneous
allograft rupture in a consecutive series of 384 renal
transplants and highlights the absence of this com¬
plication since the introduction of Cyclosporine into
the transplant programme.

Patients and methods

During the seven and a half year period from July
1983 to 31 December 1990, 384 renal transplants
were performed at the Royal Melbourne Hospital,
359 (94%) from cadaver donors and 25 from live
donors. Thirty transplants (8%) were in paediatric
patients. Two hundred and seventy-six kidneys
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(12%) were first transplants. Cadaver kidneys were
allocated to recipients on the basis of best human
leucocyte antigen (HLA) match according to the
criteria of the Australian interstate organ sharing
scheme. Venous anastomoses were performed end-
to-side to the external iliac vein most often or to the
common iliac vein or inferior vena cava. Arterial
anastomoses were performed end-to-side to the
external or common iliac arteries or aorta, or end-
to-end to the internal iliac artery. Urinary continu¬
ity was rc-cstablished by ureteroneocystostomy
using the Politano-Leadbctter technique.17 Cap-
sulotomy was not performed. Kidneys were biop¬
sied soon after revascularization either with a

'Trucut' needle (Travenol Laboratories Inc., Deer-
field, USA) or by excising a small wedge of paren¬
chyma and suturing the defect over a muscle patch.
The immunosuppressive regimen was changed

during the period of study. Between July 1983 and
June 1985 immunosuppression consisted of Predniso¬
lone 0.4mg/kg/day initially and then reduced to
maintenance doses of 8-l0mg/day, and Azathio¬
prine 1-2 mg/kg/day. Episodes of acute rejection
were treated with intravenous methyi-Prednisolone
1 g for three consecutive days with or without anti-
thymocyte globulin (ATG). From July 1985 Cyclo¬
sporine 4-8 mg/kg/day was used in combination
with Azathioprine and Prednisolone, and, in most
patients. Prednisolone was ceased 6 to 9 months
after transplantation.1S-1y Acute rejection was treat¬
ed with oral methyi-Prednisolone 300 mg, 200 mg
and 100 mg on consecutive days. Steroid resistant
rejection was treated with ATG until October 1986,
after which time the monoclonal antibody Ortho-
clone OKT3 (Ortho Pharmaceutical Corp., New
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Jersey, USA) was used. Between 1983 and 1986
patients who were diagnosed as having predomi¬
nantly 'vascular rejection' on transplant biopsy
were anticoagulated with intravenous heparin for
seven to ten days.36

Results

There were six cases of spontaneous allograft rup¬
ture among 384 consecutive renal transplants
(1.5%). Details of recipient age and sex, cause of
chronic renal failure (CRF), ischaemia times, HLA
matching, interval between transplantation and rup¬
ture, graft function at the time of rupture, and even¬
tual outcome arc given in Table I.
All spontaneous ruptures occurred during the

period when only Azathioprine and Prednisolone
were used for maintenance immunosuppression.
None of the 304 patients who were immunosup-
pressed with cyclosporinc experienced spontaneous
rupture. Five of the 6 cases of rupture occurred
within 10 days of transplantation. Five of the 6
patients were being treated for acute rejection with
Prednisolone when the rupture occurred, and 4
were receiving heparin. The transplant was the first
allograft in 2 patients and the second in 4 patients.
Three of 6 patients had rellux nephropathy as their
underlying disease. All kidneys came from cadaver
donors, two of whom were children, and all were
ice stored. The total warm ischacmia time (Table 1)
refers to the sum of the period of warm ischaemia
during donor nephrectomy and the anastomoses (or
'rewarming') time, and was not significantly longer
in ruptured allografts than in non-ruptured trans¬
plants. The technique of in xiiu perfusion was used

for only one donor kidney (Patient 1), the other Five
kidneys had undergone extracorporeal perfusion after
donor nephrectomy. The number of mismatches at
HLA-A, B and DR loci (mean ± s.d.) was 2.5
± 0.95 for 6 patients with ruptured allografts and
3.0 ± 1.2 for the other 378 patients.
All patients experienced the sudden onset of se¬

vere pain after the transplant which was associated
with palpable enlargement of the graft. Three patients
had clinical signs of hypovolaemia. Five of the 6
episodes occurred within 10 days of transplantation.
Three patients were oliguric and dialysis-dependent
at the time of rupture, while three had functioning
transplants.
All patients underwent urgent transplant explora¬

tion without preliminary investigations. In all cases
the transplanted kidney was grossly swollen, split
and surrounded by several hundred millilitres of
fresh blood. Ruptures of the renal parenchyma were
multiple in 3 cases, transverse and involving the
hilum in 2 cases, and along the convex border of
the kidney in 1. In I patient the rupture involved the
site of a percutaneous needle biopsy which had
been performed 5 days earlier, bui there were also
other deep tears in the kidney. In each case treat¬
ment consisted of evacuation of blood and clot,
repair by placing haemostatic material ('Oxycel',
Deseret Medical Inc., Sandy, Utah, USA) into the
splits and oversewing with chromic catgut sutures.
Five of the 6 kidneys were biopsied at exploration
and showed histological evidence of acute rejection.
All repairs were successful and no patient experi¬

enced continued or recurrent bieeding despite the
postoperative use of heparin in two. One patient

Table 1. Clinical details of 6 patients with spontaneous renal allograft rupture

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Age (years) 46 45 28 32 42 34
Sex F M M F M M
Cause of CRF Redux IgA

nephropathy
Rellux Redux Glomerulonephritis Glomerulonephritis

Transplant Second Second Second Second First First
Total warm isehaemia
time (min) 31 24 35 36 36 33
Cold isehaemia time (min) 1260 1308 1651 1260 1380 1169
Mismatches at HLA-A, B
and DR loci 3 1 3 2 2 4

Days between
transplantation and rupture 6 8 4 10 7 38

Functioning at time
of rupture No Yes No No Yes Yes
Graft survival (months) 65* 74 74 82 84 3*

Latest serum
creatinine (mmol/l) * 0.10 0.15 0.11 0.19 *

* On haemodialysis.
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(Patient 6) required transplant nephrectomy six
weeks later, for irreversible rejection. Another
(Patient 3), developed a urinary fistula two days
after the repair and during re-exploration the ureter
was found to be necrotic. It was excised and pyelo-
ureterostomy performed. Patient 1 suffered chronic
rejection and returned to hacmodialysis 65 months
after repair. At present. 4 of the 6 patients have
satisfactory renal function between 74 and 84
months after allograft rupture (Table I).

Discussion

There were six cases of spontaneous allograft rup¬
ture in the present series of 384 renal transplants.
All cases occurred in patients whose maintenance
immunosuppression consisted of Azathioprine and
Prednisolone and happened before Cyclosporine was
introduced into the immunosuppressive regimen.
The absence of spontaneous rupture in Cyclosporine
treated patients is consistent with improved immuno¬
suppression and reduced graft loss achieved with this
drug."' It has been demonstrated previously that
renal allograft recipients treated with Cyclosporine
as part of a triple therapy regimen have significantly
fewer episodes of acute rejection (P < 0.001) and a
significantly lower rate of allograft loss from acute
rejection (P <0.01) than patients treated with Pred¬
nisolone and Azathioprine.39-411 It is interesting to
note that of nearly two hundred published cases
of spontaneous renal allograft rupture, only two
patients seem to have received Cyclosporine prior
to rupture.' 34 The clinical picture of rejection in
Cyclosporine treated patients is generally much less
severe and more gradual in onset than in patients
treated with only Azathioprinc and Prednisolone.
OKT3 was introduced into the transplant unit in
October 1986 to treat steroid-resistant acute rejec¬
tion, and conceivably OKT3 could have contributed
to the absence of renal allograft rupture in Cyclo¬
sporine treated patients. However, there was no
case of allograft rupture among the 62 renal trans¬
plants performed during the 16 month interval be¬
tween the introduction of Cyclosporine (July 1985)
and OKT3 (October 1986). Also, 4 of the 6 cases
of rupture occurred within eight days of transplan¬
tation and OKT3 was rarely used within this time
for treatment of acute rejection. A few high risk
patients received it prophylactically as induction
therapy.
There seems little doubt that graft swelling due

to acute rejection was the cause of rupture in 6
patients. Acute rejection is characterized by cellular
infiltration, interstitial oedema and a rise in intra-
renal pressure,41 and it accounts for allograft swell¬
ing in a majority of published cases.1"34 Other
aetiological factors which have been implicated in¬

clude post-transplant percutaneous biopsy,25 severe
allograft ischaemia,9 the method of renal preserva¬
tion,2" acute tubular necrosis.31 localized abscess
formation,17 postoperative plasmapheresis and neph¬
rostomy drainage.29'33 Anticoagulation with hepa¬
rin. either during post-transplant haemodialysis or
as treatment of vascular rejection, may contribute
to the degree of haemorrhage from the ruptured
transplant and has even been implicated as a cause
of rupture.2 The common theme in all the factors
associated with allograft rupture is swelling of the
transplanted kidney, a feature described by almost
all authors. Renal allograft rupture has been report¬
ed to occur secondarily to renal vein thrombosis
with or without iliofemoral vein thrombosis.24 29 34
Such cases were not included in the present series.
Tears or splits in the kidney are often found at
transplant nephrectomy for renal vein thrombosis,
but these cases do not present in the same manner
as cases of spontaneous rupture.

Four of the 6 cases of allograft rupture (67%) in
this series occurred in patients who had received
their second transplant, whereas second transplants
accounted for 38 of the total 384 (10%). These 4
patients must be regarded as having been at in¬
creased risk of rejection because they had already
rejected one allograft. Also. 3 of the 6 patients
(50%) had reflux nephropathy as the cause of their
CRF. whereas reflux was the original disease in
only 48 of the remaining 378 cases (13%). It has
been found previously that reflux nephropathy may
be an additional risk factor for graft loss from acute
rejection.39
Urgent surgical exploration of the transplant is

required as soon as the diagnosis of rupture is sus¬
pected, and control of haemorrhage and evacuation
of hacmatoma arc mandatory. Although immediate
nephrectomy rates of 55-100% have been reported
in some early series,4 "-21 23 29 this scries and those
of others indicate that conservative management is
worthwhile if bleeding can be controlled.19-20-25-33
The long-term prognosis of the ruptured allograft
after repair is determined by the success of treating
acute rejection and whether or not chronic rejec¬
tion supervenes. Five patients had good long-term
renal function, and four had functioning transplants
at least six years after repair. Other reports also
indicate that satisfactory medium and long-term
graft survival can be obtained after successful

Ms ->i-->r *>s ■>« n n
repair. —

Spontaneous rupture of acutely rejecting renal
allografts has not occurred in the transplant unit
since the introduction of Cyclosporine. This obser¬
vation supports the view that better control of rejec¬
tion can be achieved when Cyclosporine is used in
maintenance immunosuppression. It also indicates
that it is well worth attempting to salvage spontan¬
eously ruptured renal allografts.
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THE SURGERY OF HYPERTENSION

My interest in renal transplantation led to an interest in the surgery

of hypertension in both vascular and endocrine senses. We were one of

the early groups to report autotransplantation of the kidney for
renovascular hypertension (119,120,121,122,124), following the lead

given by Sir Michael Woodruff in Edinburgh. This procedure proved to be

of particular value in cases with complex vascular anatomy and was

particularly valuable in restoring function to patients with significant

degrees of renal failure <120,121,122), allowing us to achieve our goal of

not only controlling hypertension but of avoiding renal failure.
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AUTOTRANSPLANTA TION OF THE KIDNEY IN THE

TREA TMENT OF RENOVASCULAR HYPERTENSION

Clunie GJA, Murphy KJ, Lukin L, Nlcoll P
& Marsden RTH

Surgery 69:326-331, 1971

This was the sixth report of autotranspiantation of the kidney for

the treatment of renovascular hypertension, following the initial success
of a case described by Woodruff and his colleagues.
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T_M_he operative procedures available for
the relief of hypertension resulting from re¬
nal artery stenosis have been associated with
a high incidence of postoperative thrombotic
complications, so that nephrectomy rather
than vascular reconstruction may be neces¬
sary as a primary or secondary procedure.
Where the nature or site of the original
vascular lesion is such that bypass or recon¬
struction are not easily carried out, there
may be a place for autotransplantation of
the affected kidney rather than nephrectomy.

CASE REPORT

Clinical features. C. N., a 25-year-old woman,
was first seen in September, 1968, with a history
of intermittent occipital headaches and left chest
pain on exertion for three years. She had had a
normal delivery five years previously, but she had
been in the hospital for a period of three weeks
with pre-eclamptic toxemia prior to spontaneous
delivery of her second child two years later. There
had been no follow-up after this second preg¬

nancy.
On physical examination, the patient was a

small thin woman, 155 centimeters in height and
weighing 45 kilograms. The blood pressure was
260/170. The fundi showed Grade 2 changes.
There was moderate left ventricular hypertrophy
with triple rhythm. A faint bruit was heard in
the right hypochondrium.

Accepted for publication April 21, 1970.

Investigations. The blood urea nitrogen level
was 24 mg. per 100 ml., and the serum creatinine
level was 0.9 mg. per 100 ml. There was no pro¬
teinuria. Microscopic examination of the urine
showed no abnormality, and there was no growth
on culture.

The results of an intravenous pyelogram
showed delay in excretion of the dye on the right
side with a late relatively greater density on that
side when compared with the left. The left kidney
was 14..5 cm. in length and the right was 10 cm.

Renal angiography showed the beaded appear¬
ance characteristic of fibromuscular hyperplasia
in the right renal artery (Fig. 1), with probable
early disease in the left renal artery. The lower
abdominal aorta and the iliac vessels appeared
normal.

Treatment. She was treated initially with 0.1
mg. of reserpine three times daily and 250 mg. of
methyldopa three times daily. The methyldopa
was later increased to 500 mg. three times daily.
On this regime, the patient complained of the
effects of postural hypotension, although the blood
pressure in the sitting position was never lower
than 190/130. There was no relief from the head¬
aches or the chest pain.

Cystoscopic examination and bilateral ureteric
catheterization with divided renal function studies
were performed on Feb. 3, 1969. The results of
the tests were technically satisfactory, and they
are summarized in Table I.

Both kidneys were explored through a right
paramedian incision on March 13, 1969. The left
kidney appeared normal; the left renal artery was
tortuous and a soft thrill was palpable throughout
its length. The right kidney was small, but other-

326 surgery March, 1971 Vol. 69, No. 3, pp. 326-331
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Fig. 1. Arteriogram demonstrating the low right kidney with marked fibromuscular dysplasia
of the right renal artery and early changes in the left renal artery.

wise normal. The right renal artery showed a
beaded appearance, the change extending to the
point of bifurcation near the hilum, and a strong
thrill was palpable. The lower pole of the right
kidney was supplied by a small accessory renal
artery which arose from the aorta above the site
of origin of the main vessel.

Biopsy specimens were taken from the anterior
surface of both kidneys. Direct reconstruction of
the right renal artery was not considered possible
because of the extent of the disease, and it was

Table I. Results of differential renal function
studies—averaged data from two
collections

Right Left Difference
kidney kidney (%)

Volume (ml.) 34 115 70
Sodium (mEq./L.) 62 85 27
Creatinine (mg./lOO 16 8 50

ml.)
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Men.

Table II. Pathological findings

Fig. 2. Diagram illustrating the vascular anas¬
tomoses and the position of the ureter of the
transplanted kidney.

felt that the vessels beyond the bifurcation were
too small to allow for adequate bypass. Auto-
transplantation was therefore performed. The
renal arteries were divided; the larger was di¬
vided at the point of its bifurcation where the
vessel was macroscopically free from disease. The
renal vein was then tied and cut flush with the
inferior vena cava. After perfusion with cold,
balanced salt solution (pH 7.4), the kidney was
passed down behind the reflected right colon into
the false pelvis. End-to-end anastomoses were
carried out between the renal arteries and the cut

ends of the mobilized internal iliac artery, which
had been divided just distal to its first division
(Fig. 2). The renal vein was anastomosed end to
side to the common iliac vein. The right ureter
was gently freed in its middle third without dis¬
turbing the blood supply and allowed to adopt a
curved course in its upper two thirds; care was
taken to avoid kinking.

Left kidney Right kidney
Renal artery

Degree of scar- Moderate
ring and
atrophy
Flypertensive Moderate
vascular change
Juxtaglomerular Normal
apparatus

(40 per cent) cent)

Marked fibro-
muscular dys¬
plasia
Mild (15 per

Minimal

Hypercellular
and promi¬
nent

Pathology. A section of the right renal artery
showed fibromuscular dysplasia of the media with
irregular intimal thickening. The appearances of
the renal biopsy specimen are detailed in Table
II; the main features were juxtaglomerular ap¬

paratus hyperplasia in the right kidney and
moderate ischemic and hypertensive changes in
the left kidney.

Follow-up. Convalescence was complicated by
a left pulmonary embolus of moderate severity on
the ninth postoperative day. This was treated by
heparinization followed by administration of oral
anticoagulants for six weeks. No source for the
embolus was detected clinically. Blood pressure in
the first five postoperative days varied between
150/100 and 130/90. Thereafter, it remained be¬
tween 130/80 and 120/70 until the time of her

discharge from the hospital 21 days postoperative¬
ly. The blood pressure has been maintained within
normal limits, and it was 130/80 one year after
operation, without further therapy. The results of
an intravenous pyelogram at that time showed
good and comparable function in both kidneys.
There was no evidence of kinking or obstruction
of the ureter of the transplanted kidney (Fig. 3).

DISCUSSION

This case illustrates typical features of
fibromuscular hyperplasia of the renal artery,
which characteristically affects young or
middle-aged women. Fibromuscular occlusion
of the renal artery associated with diastolic
hypertension was first described by Lead-
better and Burkland8 in 1938. Several series
of similar cases have been reported in recent
years/
In this patient, the small size of the right

kidney, the delayed excretion, the late, rela¬
tively greater concentration of dye on that
side on the intravenous pyelogram, and the
findings on divided renal function studies all
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Fig. 3. An intravenous pyelogram taken one year after operation, showing satisfactory function
with no evidence of ureteric obstruction.

uggested the diagnosis of hypertension as-
Dciated with a right renal vascular lesion.
Lenal angiography confirmed the clinical
iagnosis of fibromuscular hyperplasia. Since
tedical measures were unsuccessful in pro-

iding adequate control of either blood
ressure or symptoms, surgical operation was
te treatment of choice. There is no evi-
ence that minimal changes of the type seen
l the left renal artery in this case will
ecessarily progress,2 but it was considered
tat some attempt should be made to obtain
^vascularization of the right kidney rather
lan to perform nephrectomy. In addition,
le hypertension was probably of at least
iree years' duration, and it was considered
robable that secondary hypertensive changes
ad already occurred in the left kidney. This
as later confirmed on examination of the

iopsy specimen.

A vascular complication rate of up to 18
percent following revascularization pro¬
cedures for the correction of renovascular

hypertension has been recorded in large
series,6' 11 and as could be anticipated, fail¬
ures have been particularly common when
dealing with the small vessels of children.1
In contrast, a relatively low five percent
failure rate resulting from vascular compli¬
cations has been reported in large series of
renal allotransplants.12 In the light of these
results, the patient's small size, and the ex¬
tent of the renal artery disease, it was de¬
cided that autotransplantation of the right
kidney was likely to prove the most satisfac¬
tory procedure.
Autotransplantation of the kidney has

been reported previously in two cases of
patients with complicated ureteral in¬
juries3' 10 The first successful autotransplant
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for hypertension secondary to renal artery
stenosis was performed by Woodruff in May,
1963, and later described briefly in 1966,14
following reports of single cases by Mar¬
shall and associates10 and Serrallach-Mila
and associates.13 Two further cases have been
since described.6' 7 All these procedures were

technically successful and all gave relief of
hypertension for periods varying up to six
years postoperatively. The patient reported
by Woodruff and associates14 has since had
a normal pregnancy without recurrence of
hypertension (B. Nolan, personal communi¬
cation) . The case described by Kaufman and
associates6 is of particular interest in that it
is the first such procedure performed in a
child and for a solitary functioning kidney.
The operation presents no difficulties to

surgeons familiar with the technique of renal
allotransplantation and normally involves
only a single arterial anastomosis in contrast
with the double anastomosis required for by¬
pass. The division and reanastomosis of the
renal vein which is necessary for reimplanta¬
tion causes no additional problem. Venous
vascular complications are rare, although it
is possible that the pulmonary embolus in
the case reported here may have arisen from
the iliac veins. Where the ureter of the

transplanted kidney is normal, the full length
of the ureter is retained together with its
blood supply by simply freeing the middle
third and ensuring that there is no chance
of kinking. This technique seems preferable
to ureteric resection with end-to-end anas¬

tomosis or reimplantation in the bladder be¬
cause of the possibility of leakage, reflux, or
late stenosis.

SUMMARY

Autotransplantation of the kidney has
been shown to be of value in dealing with
complicated ureteral injuries and may also
be utilized for the relief of hypertension re¬
sulting from renal artery stenosis. A case is
reported in which the patient's small size
and extensive involvement of the renal

artery by fibromuscular hyperplasia both
suggested that autotransplantation was

preferable to vascular reconstruction or by¬

pass. The patient's blood pressure, whic
had not been controlled by medical me;
sures preoperatively, remained within norm
limits in the year following operation. Pos
operative intravenous pyelographic stuc
showed satisfactory function in the tran
planted kidney.

ADDENDUM

A second young woman, K. D., also aged 2
has also been treated in the same way. The initi
blood pressure was 260/145 and was poorly coi
trolled by medical therapy. The distal right ren
artery was affected by fibromuscular hyperplas
extending almost into the hilum of the kidni
along the two main branches of the artery. Aut
transplantation of the right kidney was therefo
carried out since the only alternative seemed to I
nephrectomy. The blood pressure is 140/80 tv
months after operation.
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This report included a case (Case 4) which was one of the first in

whom restoration of arterial flow restored function to an apparently

function/ess kidney.
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RENOVASCULAR HYPERTENSION: THE PLACE OF

RENAL AUTOTRANSPLANTATION

By G. J. A. CLUNIE, L. C. J. HARTLEY, G. M. COLLINS, and R. D. GORDON
departments of surgery and medicine, university of queensland, princess alexandra hospital

and repatriation general hospital, brisbane

Summary

Six cases of hypertension due to renal artery
stenosis were treated by renal autotransplantation,
with cure in 4 cases and significant improvement in
the other 2 cases. The procedure allows reconstruc¬
tion of complex arterial lesions before revasculariza¬
tion, and should be preferred to nephrectomy
whenever technically possible.

the place of surgery in the management of
hypertension of renovascular origin is now well
established (Smith, Muller, and Beckwith, 1968;
Foster, Oates, Rhamy, Klatte, Burko, and Michelakis,

that it has been applied to a sixth patient suffering
from a less complicated stenosis of the renal artery.

CASE REPORTS

Details of the 6 patients are summarized in Table I.
Case I.—This patient has been reported in detail

previously (Clunie, Murphy, Lukin, Nicoll, and Marsden,
1971).
C. N., a 25-year-old woman, presented in late 1968

with severe hypertension which was poorly controlled by
medical therapy, and investigations revealed a functional
stenosis of the right renal artery owing to fibromuscular
hyperplasia. Both kidneys were explored through a right
paramedian incision on 13 March, 1969. The stenosis of
the right renal artery extended to the point of bifurcation

Table I.—Summary of the Details of the 6 Cases with Renovascular Hypertension in the Present Series

Case
Initial
Blood-
pressure

Intravenous
Pyelogram

Divided
Function
Studies

Renal Vein
Renin Ratio* Lesion Date of

Operation

Recent
Blood-
pressure

Therapy

1 260/170 + + Not performed Fibromuscular 13 March, 1969 130/80 Nil

2 230/155 + Not performed 1-7
hyperplasia
Fibromuscular 23 April, 1970 130/80 Nil
hyperplasia

3 165/110 + Not performed 1-75 Congenital 14 June, 1970 120/70 Nil
stenosis;
secondary
thrombosis

4 230/150 Non-function Not performed 1-7 Atheroma 3 Feb., 1971 145/75 Prindolol,
of right kidney 30 mg. per day

5 210/120 + Not performed 1-7 Atheroma 26 Jan., 1972 140/70 Methyldopa,
500 mg. per day

6 220/130 + + i-i Fibromuscular 19 Aug., 1971 150/90 Nil
hyperplasia

* The ratio of plasma renin measured in blood-samples taken simultaneously from both renal veins. A ratio of i : 5 was considered positive
(Pawsey, Vandongen, and Gordon, 1971).

1969; Buda, McAllister, and Sommers, 1970), but
the standard surgical procedures of by-pass grafting
or thrombo-endarterectomy have been performed
almost entirely for lesions involving the main renal
artery itself. Where the disease process has affected
more distal renal vessels the usual alternative has
been nephrectomy. The condition is frequently
bilateral (Foster and others, 1969), and even when
this is not the case primarily, the other kidney has
usually been affected secondarily by hypertensive
vascular disease. Thus, every effort should be made
to avoid nephrectomy and to preserve functioning
renal tissue. When disease of major vessels occurs
beyond the bifurcation of the main renal artery, or
where there are multiple arteries supplying the
affected kidney, we believe that correction of
the lesion can be achieved most satisfactorily
by removal of the kidney, correction of the defect,
and revascularization by anastomosis to the pelvic
vessels of the same side. Five such cases have been
treated by renal autotransplantation over a 3-year
period, and the procedure has proved so satisfactory

near the hilum, and the lower pole of the kidney was
supplied by a small accessory vessel. Direct reconstruc¬
tion of the main artery was not considered possible
because of the extent of the disease, and it was felt that
the vessels beyond the bifurcation were too small to allow
for adequate by-pass. Autotransplantation was therefore
performed. The two renal arteries were divided, the
larger at the point of bifurcation where it was macro-
scopically free from disease, and the renal vein was
divided flush with the inferior vena cava. End-to-end
anastomoses were carried out between the renal arteries
and the cut ends of the mobilized right internal iliac
artery, which had been divided just distal to its first
division. The renal vein was anastomosed end to side
to the common iliac vein. The ureter was gently freed
in its middle third without disturbing its blood-supply,
and was allowed to take up a redundant course with¬
out reimplantation. There was immediate control of
the patient's hypertension, and the patient has remained
normotensive without further therapy in the 4 years
since operation.

Case 2.—K. D., a 25-year-old woman, was seen in
early 1970 with severe hypertension, which was poorly
controlled by medical therapy. Investigations revealed a
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functional stenosis at the bifurcation of the right renal
artery as a result of fibromuscular hyperplasia. Auto-
transplantation was carried out on 5 Feb., 1970, the renal
artery anastomosis in this case being carried out well into
the hilum beyond the bifurcation of the artery because of
the extent of the disease. The blood-pressure remained
slightly elevated for 1 year following operation, but 3
years later it is within normal limits without therapy.

Case 3.—K. D., a 14-year-old boy, was found to have
hypertension at a routine medical examination in 1970.
The presence of a functional congenital stenosis at the

Fig. 1.—Case 3. Selective left renal arteriogram showing a
congenital stenosis with post-stenotic dilatation.

origin of the left renal artery with a marked ureteric
collateral supply was demonstrated (Fig. i). On 10 June,
1970, direct reimplantation of the artery into the aorta was
carried out, with an immediate reduction of the blood-
pressure to normal. However, on 13 June there was a
recrudescence of the hypertension, and an aortogram
showed occlusion of the renal artery with marked
collateral flow. At a re-exploration thrombus was found
adherent to and extending beyond the bifurcation. Since
there was some dilatation of the duplex right collecting
system, it was felt important to preserve function in the
left kidney of this young patient. Autotransplantation was
therefore performed, the kidney in this instance being
inverted since the vascular anastomosis lay most con¬
veniently in this position. The blood-pressure was
immediately controlled and has remained within normal
limits in the 3 years since operation. An intravenous
pyelogram taken 2 years after operation demonstrated
satisfactory function without dilatation of the collecting
system of the transplanted left kidney in spite of the
unusual position (Fig. 2).

Case 4.—H. H., a 59-year-old man, had been treated
for mild hypertension for some years before his emergency
admission with malignant hypertension in December,
1970. An intravenous pyelogram at that time showed no
function of the right kidney and an aortogram revealed
marked atheroma of the aorta with no apparent right
renal artery. The serum creatinine was raised, and it was
felt important to attempt to restore function to the right
kidney, which was presumed to be viable and to be
primarily responsible for the hypertension and its
exacerbation. At exploration on 3 Feb., 1971, the right
kidney was found to be atrophic, but there was a well-
developed ureteric collateral circulation. The renal artery
was completely occluded with recent thrombus up to and
beyond its bifurcation. Autotransplantation was carried

out with a satisfactory appearance of the kidney on
revascularization. Hypertension has been easily controlled
medically in the 2 years since operation, and the serum
creatinine has returned to normal levels. An intravenous
pyelogram and an isotope scan taken I year after operation
showed satisfactory function in the transplanted kidney.
Case 5.—J. P., a 37-year-old woman, presented with

poorly controlled hypertension due to an atheromatous
plaque at the origin of the larger of two left renal arteries.
Autotransplantation was carried out on 20 Jan., 1972,
with good immediate control of hypertension. The

Fig. 2.—Case 3. Intravenous pyelogram taken i year post¬
operatively showing the redundant left ureter without proximal
dilatation, and the duplex right collecting system.

blood-pressure gradually rose in the month after operation
but is now easily controlled within normal limits by
medical therapy.

Case 6.—G. H., a 50-year-old woman, presented with
uncontrolled severe hypertension. Although the renal
vein renin ratio was not significantly altered (Table I),
divided renal function studies indicated a functional right
renal artery stenosis. Arteriography demonstrated a
fibromuscular hyperplasia of the right renal artery. This
lesion would normally have been treated by by-pass
grafting from the aorta, but autotransplantation was
considered to be preferable in the light of experience
with the previous cases. This procedure was performed
on 19 Aug., 1971, with immediate and persisting control
of the hypertension without further therapy in the 18
months since operation.

DISCUSSION

Autotransplantation of the kidney was first
performed by Hardy (1963) for a complicated
ureteral injury involving a single kidney, the
shortened ureter being reimplanted into the bladder
after vascular anastomosis in the pelvis. A similar
case was reported by Marshall, Whitsell, McGovern,
and Miscall (1966), and the technique has also been
used in a patient with multiple ureteral tumours
(Murphy, Staubitz, and Kenny, 1971). The pro¬
cedure was first performed for the relief of reno¬
vascular hypertension by Woodruff, Doig, Donald,
and Nolan in 1963, and later reported briefly in
1966 following descriptions of similar cases by
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Marshall and others (1966) and Serrallach-Mila,
Paravisini, Alberti, Mayol-Valls, Casellas, Torncr-
Soler, and Nolla-Panades (1966). Further single
cases have been described since (Kuss, 1967;
Kauffman, Alferez, and Vela Navarette, 1969;
Whitsell, Goldsmith, and Nakamura, 1970; Clunie
and others, 1971). Gil-Vernet, Caralps, Revert,
Vidal, and Carretero (1969) reported 5 cases of
renovascular hypertension treated in this fashion
with excellent early results.
The operative technique used in the present 6

cases has been described previously (Clunie and
others, 1971) and presents no difficulty for surgeons
familiar with the operation of renal allotransplanta¬
tion. In order to minimize ischaemic damage the
kidneys were perfused with 200-300 ml. of solution
C3 (Collins, Hartley, and Clunie, 1971) at 40 C.
from a height of 1 m., the ureter being lightly
clamped to prevent escape of this high potassium
content solution into the general circulation. None
of the operations in this series involved renal
ischaemic intervals of greater than 40 minutes, and
the degree of protection against ischaemic damage
reported by such a cold flush in renal allotransplanta¬
tion (Hartley, Collins, and Clunie, 1971) suggests
that this simple procedure is preferable to the more
complex continuous perfusion proposed by Belzer,
Keaveny, Reed, and Pryor (1970) in reconstruction
prior to renal autotransplantation. Reimplantation of
the ureter into the bladder appears to be unnecessary
in the correction of renal artery stenosis, and the
ureter has simply been freed while retaining its
normal blood-supply in all the reported cases. There
has been no evidence of dilatation of the collecting
system in the 6 cases reported here, although long-
term follow-up is clearly necessary before such a
complication can be excluded.
The procedure has proved so simple technically

and so satisfactory in terms of immediate and late
results in the control of hypertension that it may
have a wider application. It allows reconstruction of
extensive lesions involving the bifurcation of the
renal artery, and there can be no doubt that it is
preferable to nephrectomy whenever it is technically
feasible. Revascularization with a by-pass vein auto¬
graft running from the aorta to the distal renal artery
is at present the standard procedure for the relief of
renovascular hypertension. In cases of atheroma
where the aorta may well be extensively involved by

the disease, surgery involving the aorta itself is clearly
hazardous and we believe that autotransplantation
offers significant advantages for this reason. With the
increasing numbers of surgeons familiar with
techniques of renal allotransplantation, we suggest
that renal autotransplantation may in time come to
be the procedure of choice in the surgical treatment
of the majority of cases of renovascular hypertension.

Acknowledgements.—We wish to thank our
colleagues for referral of patients and Dr. E. R. Jay
of the Department of Radiology, Princess Alexandra
Hospital, for the radiological investigations in these
patients.
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Two patients who presented with
"

severe hypertension and were found to
have one small non-functioning kidney are described.
Renal-vein renins showed that the non-functioning
kidneys were secreting renin and successfully pre¬
dicted the response of the hypertension to surgery.
Thus in the absence of renal excretory function this
predictive test can still be used. In both patients renal
function improved strikingly after revascularisation,
and biopsy appearances, that preoperatively had shown
severe tubular atrophy, returned towards normal. The
kidneys have increased in size. These two cases
indicate that renal tissue remains viable and that
tubular atrophy is a reversible condition. They
suggest that large-vessel disease is a reversible cause
of chronic renal failure.

Introduction

While the kidneys require a high blood-flow to
function normally they are resistant to ischemia and
remain viable with blood flows and pressure below
those needed for glomerular filtration.1 Kidneys
have prolonged periods of ischasmia during transplant
surgery, but rapidly regain normal function. In
addition, function may be restored to kidneys where
the renal artery has been completely occluded by
emboli or thrombi.2"8 This recovery may be spon¬
taneous,2 but more usually it follows removal of
emboli as long as 39 days after obstruction.3 Many of
these patients had acute tubular necrosis, and recovery
followed correction of the acute insult. Little is known
about the chronic effect of renal-artery obstruction
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on renal morphology and what happens when this
obstruction is removed. We have seen two patients
who had complete obstruction of a renal artery, much
reduced renal size, tubular atrophy, and cessation of
function, in whom function was restored by revas¬
cularisation of the kidneys 2 and 4 months after the
obstruction.

Case-reports

FIRST CASE

This man, born in 1911, had a history of mild hyper¬
tension (untreated). In December, 1970, he became unwell
with vague abdominal pains, nausea, vomiting, polyuria,
nocturia, and severe frontal headaches. He was admitted
to hospital on Jan. 4, 1971; his blood-pressure was 250/140

RENAL-VEIN RENIN

— Patient 1* Patient 2f

Arterial 11
Low inferior vena cava 0-9
High inferior vena cava 1-3
Right renal vein . . 8675 11
Left renal vein 2650 21
Postoperative peripheral venous renin 221 0-5
Normal peripheral values 100-2500 0-38

(range) (mean)

* Plasma-renin activities measured by rat bioassay in ng. angiotensin
per 100 ml. in 3 hours,

t Plasma-renin activities measured by radioimmunoassay, in ng.
angiotensin I per ml. in 1 hour.

mm. Hg and there were haemorrhages and exudates in
both fundi. Laboratory findings included a blood-urea of
68 mg. per 100 ml. and a serum-creatinine of 2-4 mg.
per 100 ml.; serum-cholesterol 346 mg. per 100 ml.; and
a plasma-renin activity of 5570 ng. angiotensin per 100 ml.
per 3 hours, which was five times the upper limit of normal.
There were 60 red blood-cells per high-power field in
the urine, and urinary protein was 16 g. per day. Contrast
studies revealed a small right kidney with no excretion;
the artery on the right side was not demonstrated, and there
was a large atheromatous plaque in the aorta near the
artery's usual place of origin. Catheter studies revealed no
flow from the right side. The left kidney seemed normal.
Blood-flow was reduced in the right renal vein, and the
ratio of the plasma-renin-activity in the right renal vein
compared with the left was 3-3/1 (see table). Biopsy
(fig. la) revealed a few dilated tubule svstems in the right
kidney, but most tubules were collapsed, and there were
groups of small cells arranged in clusters. There was a
striking increase in interstitial material. The glomeruli
were basically normal in number and structure and the
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Fig. 1—Case 1: renal biopsy.

(a) Before surgery: crowding of glomeruli and tubular
atrophy.
(b) After surgery: normal tubular pattern.
(Htematoxylin and eosin: x 30 approximately.)

blood-vessels showed mild hypertensive changes.
At surgery on Feb. 3, 1971, a small smooth kidney

measuring 7-5 x 4 cm. was found. An atheromatous
plaque at the origin on the renal artery completely occluded
the lumen. The vessel peripherally was patent and filledwith
blood from collaterals. The kidney was transplanted
into the iliac fossa and attached to the right iliac vessels.
3 weeks after surgery the kidney measured 12x8 cm. in
the nephrogram phase of an intravenous pyelogram, but
there was only a faint pyelogram. Plasma-renin-activity
was then normal. The blood-pressure fell to 150/90 mm. Hg
and the patient was discharged on no antihypertensive
medication. Subsequently the patient required a-methyl-
dopa 250 mg. daily, chlorothiazide 0-5 g. daily, and prindolol
15 mg. daily to maintain his blood-pressure at 140/85
mm. Hg.
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In May, 1973, the patient was reassessed. The right
kidney could be palpated and measured 13 cm. Creatinine
clearance was 55 ml. per minute and isotope studies
indicated that the right kidney contributed 54% of this
function. Renal arteriogram showed a normal vascular
pattern in the right kidney and the kidney measured
12-5 x 6 cm. Renal biopsy (fig. lb) showed a normal tubular
pattern and normal glomeruli. There were 4 scarred glo¬
meruli in a subcapsular zone. There was patchy interstitial
fibrosis and the arterioles were relatively normal. The
patient remains well with a serum-creatinine of 1-6 mg.
per 100 ml. and a blood-pressure on treatment of 145/85
mm. Hg.

Fig. 2—Case 2: renal biopsy.

(a) Before surgery: tubules are irregular in size, most smaller
than usual with flattened epithelium. There is also an increase
in interstitial material.

(b) After surgery: tubules are larger in size, with a more
normal epithelium.
(Periodic-acid/Schiff: reduced to 3/4 of x250.)
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Fig. 3—Case 2: sequential renal scans.
Note absence of renal uptake of isotope in the left renal area

in upper panel and the improvement in uptake in the subsequent
panels.

(a) Nov. 22, 1972; (b) Dec. 14, 1972; (c) Feb. 7, 1973; (d)
March 22, 1973.
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second case

This man, born in 1917, was found to have raised
blood-pressure in 1964. No cause was found, and the
hypertension proved difficult to control. In August, 1972,
the patient was admitted to hospital with malignant hyper¬
tension and encephalopathy. Blood-urea was 200 mg. per
100 ml., serum-creatinine 4-6 mg. per 100 ml., urine protein
9 g. per day. e.c.g. showed voltage changes of left ventri¬
cular hypertrophy, and chest X-ray showed cardiomegaly.
He was treated energetically for his hypertension, which
was, however, very difficult to control. On Oct. 4, 1972,
his blood-pressure was 240/120 mm. Hg lying and 100/60
mm. Hg standing. His left kidney was 8x4 cm., irregular
in shape, and excreted contrast poorly. The right kidney
was also small. Renal scan showed that both kidneys were
small and had impaired function. The right kidney took
up isotope more avidly than the left in a ratio of 4/1. Renal
arteriography demonstrated a right renal artery narrowed
at the origin. There was a small diverticulum present
where the left renal artery is normally sited and blood did
not reach the kidney by the normal route. In delayed films
the left renal artery opacified presumably by filling from
collaterals. The ratio of plasma-renin in the left renal vein
to that in the right was 2/1 (table). Between October and
December the patient's diastolic blood-pressure was main¬
tained below 100 mm. Hg, but there was no improvement in
renal function. In December, 1972, the serum-creatinine
was 4-2 mg. per 100ml., with a creatinine clearanceof12 ml.
per minute. At surgery (Dec. 7), there was a small cyanotic
left kidney. The splenic artery was joined to the left renal
artery (end-to-end) and the colour of the kidney improved.
A biopsy of the kidney was done at the start of surgery, and
this showed a number of glomerular scars, patchy infiltrate
of the interstitium, and striking hyperplasia of small arteries
and arterioles. In addition there was a considerable
degree of tubular atrophy (fig. 2a).
Postoperatively the blood-pressure fell and has been

readily controlled with drugs. The serum-creatinine fell
to 3 mg. per 100 ml. and has remained at that level. Renal
scans (fig. 3) showed improved function within 2 weeks.
This continued and was maximal after 3 months. The most

recent isotope study, 1 year after surgery, showed that the
left kidney contained 40% of the functional renal tissue.
The radiological size of the left kidney increased to 10x5
cm. and excretion of contrast improved. The right kidney
was the same size as before. Renal biopsies of right and
left kidneys in April, 1973, showed changes presumably
due to hypertension, but the tubules of the left kidney were
now normal (fig. 2b).
When last seen the patient was well, with a blood-pressure

controlled to 160/100 mm. Hg on antihypertensive drugs
and a serum-creatinine of 3mg., per 100 ml. with a creatinine
clearance of 20 ml. per minute.
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Discussion

In both patients renal function improved strikingly
after revascularisation. While function of the revas-

cularised kidney has improved dramatically, total
renal function has not improved as much, presumably
because of continued loss of function in the unoperated
kidney as a result of hypertensive damage.
In the first case there was widespread tubule

atrophy. However, the grossly diminished blood-
supply was sufficient to keep the structure of the
nephron intact, and when the blood-supply was
increased the glomeruli filtered fluid, the tubules
returned to near normal, and the kidney increased in
size. The relatively normal vasculature and glomeruli
before operation suggested that this might happen.
In the second case areas in renal tissue resembled the
lesion seen in case 1, but the presence of severe
arteriolar thickening and glomerulosclerosis implied
that recovery would be less. In fact, however, there
was significant improvement in renal function.
These two patients presented with malignant

hypertension, and it is of interest that the ratio of
renin in the renal vein of the occluded side to that in
the other side predicted the response of the hyper¬
tension to surgery. Thus, in the absence of excretory
function it seems that this test can still be used.

These cases emphasise that renal tissue may survive
long periods of ischaemia and later regain near-normal
function. This has been demonstrated when emboli
have been removed a month or longer after the insult.
In our two patients the period of ischsemia had been
longer and the kidneys were much reduced in size.
However, the successful outcome suggests that in
patients with renal failure and hypertension a search
should be made for correctable vascular lesions.

Requests for reprints should be addressed to T. M.
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A series of 19 patients with renovascular hyper¬
tension detected by rapid sequence pyelography,
renal vein renin assay, divided function studies and
arteriography received surgical treatment in the
four-and-a-half year period from February, 1968, to
September, 1973. Revascularization by autotransplan-
tation of the kidney or by splenorenal anastomosis
was performed in 14 cases, but nephrectomy was
required in the remaining five. Eight of the 19
patients can be regarded as cured, and 10 have shown
significant improvement. Three of the patients had
major impairment of renal function, and marked
improvement after revascularization was achieved in
two of this group. The remaining patient died from
myocardial infarction in the immediate postoperative
period.

Although occlusive disease of the renal arteries which
is potentially curable by surgery is relatively rare
(Foster ct alii, 1973), the possibility of effecting cure or
significant improvement by reconstructive surgery or
nephrectomy renders its detection and treatment of major
importance. This paper presents the results of investigation
and therapy in a small series of patients treated over a
four-and-a-lialf-year period at the Princess Alexandra
Hospital in Brisbane.

METHODS OF INVESTIGATION

The patients were referred for further investigation as
a result of changes in intravenous pyelographic examina¬
tions which suggested a renovascular cause for hypertension,
or because the severity of hypertension in comparatively
young patients indicated that a reversible cause should
be sought. All patients were studied by rapid sequence
intravenous pyelography (Morgan et alii, 1967; Maxwell
and Lupu, 1968). Criteria for further investigations
included difference in renal size, disparity in the early
nephrogram or in pyelocalyceal appearance rates, and late
hyperconcentration of contrast medium in the suspected
kidney.
Blood for assay of renin activity was drawn from the

right and left renal veins simultaneously by the per¬
cutaneous retrograde transfemoral route under carefully

Address for reprints: Professor G. j. A. Clunie, Princess
Alexandra Hospital, Ipswich Road, Woolloong-abba, Q. 4102.

controlled conditions (Pawsey et alii, 1971). The diet was
salt-free for at least three days, the patient was kept
recumbent overnight and during transfer to the procedure
room, and pairs of samples were collected with the patient
recumbent, with the patient tilted, head up, 30° to 45°,
and in some cases after intravenous administration of
300 mg of diazoxide. This protocol was developed to
ensure that at least one pair of samples was collected
during a phase of active renin secretion.

Divided function tests were performed under general
anaesthesia after water loading by intravenous infusion,
and at least three 15-minute collections were made for
determination of respective urine flow rates, and urinary
concentrations of sodium and creatinine. The results were

assessed by the criteria established by Howard and
Connor (1964). A reduction in urine volume of 60% or
more, a reduction in urine sodium concentration of 15%
or more, and an increase in urinary creatinine con¬
centration of 50% or more on the suspected side were
regarded as significant.

Renal arteriography was performed as a final inves¬
tigation in all cases in this series when it was thought
that surgery was indicated, by the percutaneous retrograde
transfemoral technique, with both aortic midstream and
selective renal arteriograms.

CLINICAL MATERIAL

Nineteen patients were treated by surgery in the four-
and-a-half-year period from March, 1969, to September,
1973. Details are summarized in Table 1. There were 10
females and nine males, their ages ranging from 14 to
59 years. Three of the patients were suffering from fibro-
muscular hyperplasia, four from presumed congenital
stenosis at the renal artery origin, and 12 from atheroma.
Six of the 19 patients had multiple arteries supplying
the affected kidneys. Sixteen of the patients presented
with severe hypertension, not easily controlled by drugs,
and with marked side effects from therapy. The remain¬
ing three patients were comparatively young persons with
moderate degrees of hypertension. Three of the patients
(Cases 4, 5 and 19) had significant impairment of renal
function.

The results of investigations are summarized in Table 1.
Rapid sequence intravenous pyelography showed features
indicating functional renovascular lesions in 17 of the 19
cases. In one of the two remaining cases, that of a 59-year-
old man (Case 4), no function was apparent in the small
right kidney, although a pyelogram some three years
before had shown no abnormality in either kidney. In
the other case, that of a 14-year-old boy (Case 10), an



Table1

DetailsofPatients,ProceduresandResults

Case Number

Age (Years)

Sex

Initial B.P.
(mmHg)

Initial Serum Creatinine Level (mg/100ml)
I.V.P.(rt)

RVRR(6)

D.F.S.(c)

PathologicalLesion

Procedure

Latest P.P.
(mmHg)

Latest Serum Creatinine Level (mg/100ml)
Therapy

Time Since Operation

Result

1

25

F

260/170

0-9

+

N.P.(d)

+

F.H.(g)

Rightautotransplant
130/80

0-9

0

44years

Cure

2arteries

o

25

F

230/135

0-8

+

N.P.

F.H.

Rightautotransplant
130/90

0-9

3Iethyldopa
34years
Improvement

3

14

M

(075g/day)

165/100

0-7

+

N.P.

C.(h)

Leftautotransplant
120/70

0-8

0

3years

Cure

4

59

M

230/150

2•7

y.F.(e)

+

N.P.

A.(/)

Rightautotransplant
140/85

1-6

Prindolol

24years
Improvement

(15mg/day) Methyldopa (0-25g/day) Chlorthiazide

5

59

31

(0-5g/day)

Death

220/150

4-2

+

+

N.P.

A.

Leftnephrectomy

—

—

—

6

48

M

250/160

1-9

+

+

N.P.

A.

Splenorenalanastomosis
150/90

1-6

Methyldopa
2years

Improvement

50

F

(0-5g/day)

7

220/130

11

+

Normal

-f-

F.H.

Rightautotransplant
130/80

11

0

2years

Cure

8

37

F

210/120

0-9

N.P.

A.

Leftautotransplant
150/90

0-8

3Iethyldopa
14years
Improvement

53

M

2arteries

(0-5g/day)

9

220/140

1-3

_L

N.P.

A.

Rightnephrectomy

140/90

13

3Iethyldopa
14years
Improvement

10

14

31

Congenitalhydronephrosis

(0•5g/day)

260/160

1-4

+/-

-f-

N.P.

C.

Leftnephrectomy

110/70

11

0

1year

Cure

11

Seetext

3arteries

49

F

160/110

11

+

■+

+

A.

Leftautotransplant
150/90

1-2

0

1year

Cure

12

45

F

180/110

1-3

-j-

N.P.

A.

Leftnephrectomy

140/80

0-9

31ethyldopa
7months
Improvement

13

3arteries

(0-5g/day)

20

F

250/190

1-2

+

+/-

C.

Leftautotransplant
170/100

11

Propranolol
7months
Improvement

Seetext

(120mg/day) Spironolactone

14

31

(200mg/day)

43

250/160

1■5

+

N.P.

A.

Rightnephrectomy

140/80

1-3

0

7months
Cure

2arteries

15

54

31

200/130

1-4

+

+

N.P.

A.

Splenorenalanastomosis
-120/80

1-2

3Iethyldopa
5months
Improvement

16

21

(0-5g/day)

F

240/150

0-9

+

+

N.P.

C.

Rightautotransplant
130/90

0-7

0

4months
Cure

2arteries

17

43

F

260/150

11

+

+

T.F.</)

A.

Rightautotransplant
130/90

0-7

Methyldopa
3months
Improvement

18

36

F

(0•5g/day)

220/140

1-3

+

+

N.P.

A.

Splenorenalanastomosis
140/90

0-9

0

3months
Cure

19

54

31

260/160

4-6

+

+

N.P.

A.

Splenorenalanastomosis
150/90

2-6

31ethyldopa
2months
Improvement

(0•5g/day)

(a)I.V.P.=intravenouspyelography.(b)RVRIl=renalvenousreninratios.(c)D.F.S.=dividedfunctionstudies,(d)N.P.=notperformed.
(g)F.H.=fibromuscularhyperplasia,(h)C.=congenitalstenosis,(i)A.=atheroma.

(e)N.F.=nofunctiononaffectedside.(/)T.F.=technicalfailure.
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intravenous pyelogram six months and one month before
surgery showed no delay in excretion or reduction in size
of the affected kidney, although review of the films showed
changes consistent with notching of the renal pelvis by
dilated collateral vessels. Later arteriography demon¬
strated congenital stenosis of one of three renal arteries
supplying the affected left kidney, with an arterial mal¬
formation in the hilum, and it can be assumed that the
difference in segmental function was obscured by the
contrast medium from the remaining portions of the
kidney.
Renal vein renin ratios indicated a functional lesion

in 17 of the 18 cases in which they were determined.
In one of these (Case 13), although the renal vein
renin ratio was positive, the results indicated a lesion
of the apparently normal kidney. This anomalous result
will be discussed later. In the remaining case (Case 7),
there was a definite false negative reading, in spite of
other evidence of a functional stenosis and a good result
after corrective surgery.

Divided function studies were performed in only five
of the 19 cases, being technically unsuccessful in one case
(Case 17) because of difficulty in cannulating one ureter.
The remaining four patients showed diagnostic features,
including the patient with the false negative renal vein
renin ratio and the patient with the contralateral positive
ratio. Divided function studies were repeated in this case
(Case 13) after corrective surgery because of partial per¬
sistence of hypertension, and the results indicated return
to normality.

Arteriography demonstrated the site and nature of the
lesion accurately in all 19 cases, although small polar
arteries in two cases (Cases 1 and 16) were not detected.
There were no significant complications from any of the
diagnostic procedures in this series of patients.

TREATMENT AND RESULTS

The pathological lesions found and the surgical pro¬
cedures utilized are summarized in Table 1. Every effort
was made to preserve functioning renal tissue in all cases,

and revascularization was achieved in 14 of the 19 cases.

Autotransplantation of the kidney to the false pelvis of
the same side was performed in 10 cases, by techniques
described previously (Clunie et alii, 1973), and spleno¬
renal arterial anastomosis was carried out in four patients
with suitable left-sided lesions. Two patients with signi¬
ficant renal impairment (Cases 4 and 19) deserve par¬
ticular mention. The main renal artery of the affected
kidney had been completely occluded by thrombus by the
time of surgery in both patients, although both kidneys
were still viable, and revascularization by autotransplanta¬
tion in one patient and by splenorenal anastomosis in
the other was followed by major improvement in renal
function and in control of hypertension.

Nephrectomy was performed in five of the 19 cases. In
two (Cases 12 and 14), the degree of general and local
atheroma, and the state of the affected kidney, were felt
to preclude vascular reconstitution. In another case

(Case 9) there was a severe degree of atheroma and
hydronephrosis due to a congenital pyeloureteric anomaly,
with gross cortical atrophy. The fourth patient, a 14-year-
old boy (Case 10), had suffered a recent cerebral haemor¬
rhage from a berry aneurysm. Surgical evacuation of a

large left temporal haematoma left him aphasic and
liemiplegic, with severe uncontrolled hypertension in spite
of large doses of methyldopa, clonidine, frusemide, reser-

pine and diazoxide, the last two being administered
parenterally. While the congenital stenosis of one of three
left renal arteries was theoretically correctable by

revascularization or partial nephrectomy, a rapid total
nephrectomy was considered to be the treatment of choice
in difficult circumstances. The fifth patient, a 59-year-old
man (Case 5), had a history of myocardial infarction on
three occasions. In view of progressive deterioration in
renal function and major problems in control of hyper¬
tension, it was decided to proceed with an attempt at
vascular reconstruction. There was a month's delay
between arteriography and surgery while an attempt was

made to control the hypertension, and at operation the
left renal artery was occluded with recent thrombus,
necessitating nephrectomy. This patient died of a further
myocardial infarct two days after operation.

Eight of the 19 patients can be regarded as cured, with
blood pressure maintained within normal limits (150/90
mm Hg or less) without further therapy. Ten patients
have shown significant improvement (blood pressure being
kept within normal or near normal limits with the aid
of greatly reduced drug doses) and major improvement
in general well-being. The remaining patient died in the
early (postoperative period, as has already been described.

DISCUSSION

Since renovascular hypertension accounts for only 5%
of the hypertensive population (Foster et alii, 1973), some
form of screening procedure is required to identify those
patients with lesions which are potentially curable.
Elderly patients with easily controlled hypertension and
no significant impairment of renal function do not require
extensive studies, whereas young patients or patients
with hypertension which is difficult to manage medically,
or which has resulted in deterioration in renal function,
deserve full investigation. Ideally, the number of pro¬
cedures involved in such screening should be kept to a

minimum, the procedures themselves should be simple and
inexpensive, and they should be followed by minimal
morbidity or mortality.

The examinations used in this series have been intra¬

venous pyelography, determination of renal venous renin
ratios, divided function studies, and finally arteriography.
Since intravenous pyelographic abnormalities were used
as the basis for further investigation in 18 of the 19
cases in this series, it is not surprising that the procedure
provided useful information in all 19 patients. The one

apparent "false negative" in this series is instructive in
retrospect in that delay in further investigation and diag¬
nosis had unfortunate results in this 14-year-old boy, in
whom there was gradual increase in the severity of hyper¬
tension until cerebral haemorrhage from a congenital
aneurysm occurred. It is manifest that hypertension in
young patients should be assiduously investigated in order
to exclude remediable causes. Larger series have indicated
that between 10% and 30% of significant functional
stenoses may be missed by urography (Maxwell and Lupu,
1968; Buda et alii, 1970; Foster et alii, 1973), usually
because of bilateral or segmental disease. It is clear that,
while rapid sequence excretory urography is a valuable
and simple screening procedure, the films must be
studied carefully. It is also apparent that a normal
pyelogram does not exclude a remediable vascular cause

in paiients who warrant further investigation as defined
previously.
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Renal venous renin ratios correctly predicted the out¬
come of surgery in 16 of the 18 patients in whom they
were measured. The one definite false negative result
for a patient who was cured by surgery is perhaps
explicable. There was no evidence at the time of surgery
of multiple renal veins, which have been suggested as a
cause of error in the collection of blood and estimation
of ratios, but there was a very well developed collateral
venous circulation which might have led to falsely low
renin levels in blood from the main vein (Ernst et alii,
1972). Alternatively, samples may not have been collected
during active secretion of renin, and this case has
prompted our subsequent use of diazoxide in addition to
changes in posture in order to provoke renin secretion.
The anomalous result in the remaining patient who had
accelerated hypertension at the time of study has already
been noted. The reason for this result is not entirely
clear, but again the situation is perhaps explicable. In
unilateral stenosis with moderate hypertension peripheral
renin levels are often normal (Pawsey et alii, 1971),
whereas in patients with extremely high blood pressure

peripheral renin levels are often high, even in the absence
of a renovascular lesion. It may be that accelerated hyper¬
tension is a more potent stimulus than the arterial
stenosis, and this may result in active renin secretion
from the apparently normal kidney, while the kidney
beyond the stenosed artery is at least partially protected.
Our experience thus confirms the value of renal venous
renin ratios in the prediction of results of surgery

(Kaufman et alii, 1970; Pawsey et alii, 1971), but again
indicates that as a single test it is not infallible.

Divided function studies have fallen into disrepute,
since they may be technically unsatisfactory (as in one
case in this series), may evoke considerable discomfort,
and may occasion the complications of urinary tract
infection and renal shutdown (Turman et alii, 1970).
However, it should be noted that significant results were
obtained in all four cases in this series in which they
were performed, including the two in which false negative
or contralateral positive renal venous renin ratios were
obtained. Thus, if there is any doubt as to the presence
of an operable lesion in a case in which further inves¬
tigation is justified, we recommend that there should
be no hesitation in utilizing this technique.

We have used arteriography as a final investigation
largely to define the anatomical situation and the patho¬
logical nature of the arterial lesion before surgery, but
an additional benefit has been the occasional demon¬

stration of collateral channels as final objective evidence
of the haemodynamic significance of the stenosis (Ernst
et alii, 1972).

One of the main objectives in this series, in addition
to the primary aim of correction of hypertension, has
been to maintain or to restore renal function. We have
been able to carry out vascular reconstruction in 14 of
the 19 patients, either utilizing autotransplantation of
the kidney to the false pelvis of the same side (a tech¬
nique which is of particular value when dealing with

right-sided lesions or lesions of multiple arteries (Clunie
et alii, 1973)), or by splenorenal anastomosis for left-
sided stenosis. Nephrectomy has been carried out only
when dictated by the nature of the lesion or the patient's
general condition. Major improvement in renal function
was achieved in two elderly patients by revascularization
after complete occlusion of the main renal artery, and
these techniques should be considered in similar cases.

However, it should be emphasized that an attempt to
apply a similar procedure in a patient with an even

more severe degree of renal failure was unsuccessful,
probably because of a delay between investigations and
surgery in an attempt to gain better control of hyper¬
tension by medical means. This was followed by throm¬
bosis of the renal artery by the time of surgery, with
infarction of the kidney, necessitating nephrectomy, and
death of the patient from a coronary occlusion two days
after operation.

We conclude that the results obtained by surgery in
this small series confirm the value of excretory urography
and renal venous renin ratios in the screening of hyper¬
tensive patients, but suggest that the results of these
investigations, singly or together, should not be regarded
as conclusive. Divided function studies still have a signi¬
ficant place, particularly when the results of other inves¬
tigations are equivocal or confusing. It has been possible
to obtain satisfactory results in terms of cure or

amelioration of hypertension by surgery in 18 of the 19
cases treated. It is hoped that further refinement of the
diagnostic procedures and the utilization of improved
vascular operative techniques will lead to further improve¬
ments in results in the future.
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THE PATHOPHYSIOLOGY OF RENAL HYPERTENSION

G. J. A. Clunie
University of Queensland, Department of
Surgery, Princess Alexandra Hospital,
Brisbane

The increased understanding of the mechanisms leading to production of renal
hypertension, and in particular the recognition of the renin-angiotensin-aldosterone
axis as an integrated capacity-volume system for the control of arterial blood pressure,
now allows a rational approach to the diagnosis and management of patients suffering
from this disease. In this brief review some of the experimental evidence behind

this rational approach is presented.

Some 20% of the adult Australian popula¬
tion is hypertensive as defined by a diastolic
pressure of no mm Hg or greater (Prineas
et alii, 1973). Approximately 5% of these
have a renovascular cause for their hyper¬
tension (Foster et alii, 1973) and perhaps
10% have hypertension secondary to chronic
bilateral kidney disease, often accompanied by
impairment of renal excretory function
(Laragh et alii, 1975).
The definition over the past 16 years of

the renin-angiotensin-aldosterone axis as an
integrated capacity-volume system for the
control of arterial blood pressure has allowed
a more precise, although still incomplete,
understanding of the disorders giving rise to
hypertension in general and to renal hyper¬
tension in particular. The application of such
understanding should result in improvements
in the investigation and treatment of hyper¬
tensive patients. It may therefore prove of
some value to review the present understand¬
ing of the mechanisms involved on the basis
of experimental and clinical studies.

The Renin-Angiotensin System
In 1898. Tigerstedt and Bergman observed

that injection of a saline extract of kidney in

Reprints: Professor G. Clunie, Department of
Surgery, Princess Alexandra Hospital, Ipswich
Road, Woolloongabba, Qld 4102.
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dogs produced a rise in blood pressure, and
proposed the name renin for the active prin¬
ciple. Renin, which exists in multiple forms,
is basically a proteolytic enzyme and is pro¬
duced by the juxtaglomerular cells of the
kidney. Renin acts on an alpha-2 globulin
(angiotensinogen or renin substrate) in the
plasma, releasing a decapeptide, angiotensin I.
Converting enzyme, which occurs in a variety
of tissues, but particularly in the vascular
endothelial cells of the lungs and in the epi¬
thelial cells of the kidney tubules, then splits
off histidylleucine from the physiologically
inactive angiotensin I to form the octapeptide
angiotensin II. Angiotensin II, which has
a short half life of only one to two
minutes, produces arteriolar constriction, with
a resulting rise in both systolic and diastolic
blood pressures. Angiotensin II is the most
powerful vasoconstrictor known, being 50
times more potent than noradrenaline. A third
angiotensin (angiotensin III), produced by
the action of the aminopeptidase angiotensinase
A on angiotensin II, may be responsible for
the release of aldosterone (Skeggs et alii,
1976).
The juxtaglomerular cells, which are the

prime source of renin, are situated in the walls
of the afferent arterioles as they enter the
glomeruli. The tubule of the nephron closely
approximates the afferent and efferent arteri¬
oles and the glomerulus from which the latter
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arises, and at this position, at the start of the
distal tubule, the tubular epithelium is modi¬
fied to form the macula densa, which together
with the juxtaglomerular cells constitutes the
juxtaglomerular apparatus.
The secretion of renin is controlled by three

major mechanisms, there being strong experi¬
mental evidence for the existence of all three.
The first is an intrarenal baroreceptor system,
in which falls in intraarteriolar pressure,
probably as a direct result of changes in the
juxtaglomerular cells themselves, result in
increased renin secretion. Conversely, a rise
in intraarteriolar pressure results in decreased
secretion of renin. The second regulatory
mechanism depends on the sodium ion con¬
tent of the proximal and distal tubular fluid.
Renin secretion is inversely proportional to
the rate of sodium ion transport across the
distal tubule, with increased sodium transport
leading to a fall in renin secretion, and
decreased sodium transport provoking a rise
in renin secretion. Sympathetic nervous mech¬
anisms also play a role in the control of renin
secretion, directly by the renal sympathetic
nerves, or indirectly through circulating
catecholamine levels, but these are considered
to play a lesser role than the baroreceptors
and sodium transport.

Aldosterone

The mineralocorticoid hormone aldosterone
contains the cyclopentenoperhydrophenanthrene
nucleus common to many hormones, and is
synthesized in the zona glomerulosa of the
adrenal cortex. Its half life in the circulation is
approximately 20 minutes.
The major action of aldosterone is to

increase reabsorption of sodium from urine in
the distal tubule. Sodium ions are actively
transported across the tubular cells, the
energy for transport being provided by adeno¬
sine triphosphatase (ATP). ATP synthesis
depends on oxidation of substrate via the
citric acid cycle. Aldosterone initiates an
increase in mRNA synthesis, and the induced
RNA stimulates protein synthesis, which then
enhances substrate oxidation and coupled
ATP synthesis.
Although changes in plasma electrolyte

levels can promote changes in aldosterone
secretion, with a rise in plasma potassium
ions or a fall in sodium ions stimulating

secretion, and the converse depressing secre¬
tion, such changes must be relatively large
before a stimulatory effect can be seen. The
major regulatory factor in aldosterone secre¬
tion appears to be renin release from the
kidney.

the Renin-Angiotensin-Aldosterone
Axis

Secretion of renin and release of angiotensin
II influence circulatory capacity by causing
vasoconstriction, and at the same time stimu¬
late aldosterone production, probably through
angiotensin III. Aldosterone regulates salt
and fluid content by increasing renal tubular
absorption of salt and water, and thus
modulates the effective circulating volume.
The combination of reduction of capacity of
the arterial system and increase in fluid
content thus raises the blood pressure. Feed¬
back to the juxtaglomerular cells by way of
the baroreceptor mechanism and to the macula
densa cells by increased proximal distal
tubular sodium delivery both result in
depression of the renin secretion which started
the cycle. The renin-angiotensin-aldosterone
axis thus acts as an integrated capacity-volume
system for the control of arterial blood pres¬
sure. Secondary gains and countergains feed
back into the system, so that aldosterone-
induced sodium retention increases the baro¬
receptor response of angiotensin II, while the
kidney responds with natriuresis to dampen
excessive rises in pressure.
In the light of this clearly established axis

in the physiological control of sodium balance
and blood pressure, it seems likely that
derangements of the axis would be implicated
in the clinical condition of renal hypertension.
That this is in fact the case has been estab¬
lished by careful studies of both experimental
and clinical evidence.

Animal Experimental Studies
Goldblatt and his colleagues demonstrated

in the dog in 1934 that unilateral constriction
of a renal artery resulted in a transient hyper¬
tension, and that sustained hypertension could
be produced either by constriction of both
renal arteries or by constriction of one artery
followed by removal of the contralateral
kidney. Species differences in the response to
partial renal artery occlusion have been found,
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and the model which most closely approximates
the clinical situation appears to be the rat
(Gross, 1971). Two kinds of experimental
Goldblatt hypertension can be induced in the
rat. In the first, the renal artery is constricted,
and the contralateral kidney is left in situ—
the two-kidney Goldblatt model. In the second,
the renal artery is constricted, and the other
kidney is removed—-the one-kidney Goldblatt
model. Although both animals are hypertensive,
the one-kidney animal has a normal or low
peripheral plasma renin level, and a low renal
renin content. In contrast, the two-kidney
animal has increased plasma renin levels, an
increased renal renin content in the clipped
kidney, and a reduced renal renin content in
the contralateral kidney.
The role of renin in these hypertensive

animals can be studied by the use of specific
inhibitors of angiotensin. Two such inhibitors
have been described. The first is a competitive
antagonist of angiotensin II itself, and is an
octapeptide, saralasin, with a structure only
two aminoacid residues different from angio¬
tensin. It has little or no pressor activity, but
since it has a similar affinity for angiotensin
receptors in blood vessels, it blocks the pressor
activity of angiotensin II. The second, SQ
20881, is an inhibitor of converting enzyme
and is a nonapeptide.
Intravenous infusion of inhibitors to Gold¬

blatt rats has shown that the hypertension of
two-kidney animals is angiotensin-dependent,
since it is completely reversed by the inhibitor.
In contrast, the one-kidney animal, with low
circulating renin levels, does not respond to
angiotensin blockade (Brunner et alii, 1971).
However, if one-kidney animals are sodium-
depleted, angiotensin blockade produces a
striking fall in blood pressure, while salt and
water repletion abolishes this effect (Gavras
et alii, 1973). The difference between the two
hypertensive models appears to be that the
one-kidney animal has a hypertension which is
sodium-dependent and is sustained by an
excess volume, while the hypertension in the
two-kidney animal is maintained by excess
renin and the resulting vasoconstriction. How¬
ever, it should be noted that the one-kidney
animal also potentially has a renin factor
involved in its hypertension, and this can be
unmasked by sodium depletion. Presumably in
this one-kidney model the circulating volume
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I

increases until the pressure beyond the clamp
is sufficient to restore equilibrium, and renin
secretion is depressed.

Clinical Relationships to Animal Studies
The mechanisms demonstrated in the one-

kidney hypertensive rat model can be seen in
some patients suspected of having renovascu¬
lar hypertension, and in some hypertensive
patients with chronic bilateral parenchymal
disease. One kidney may be affected by partial
occlusion of the renal artery; if the contra¬
lateral kidney has occult disease, it may be
unable to excrete sodium normally. The
resulting sodium retention would then lead to
suppression of renin secretion from the
involved kidney. Thus a patient with hyper¬
tension and normal peripheral plasma renin
levels in the presence of an apparent partial
occlusion of the arterial supply of one kidney
may have occult bilateral disease, with sodium
retention and a volume-dependent hypertension
superimposed.
Similarly hypertensive patients with chronic

bilateral kidney disease who are unable to
excrete sodium normally usually have a
volume-induced hypertension with low peri¬
pheral renal levels. If such patients require
hasmodialysis therapy because of progressive
failure of renal function, the great majority
can have their hypertension readily controlled
by depletion of salt and water by dietary
restriction and by vigorous dialysis. In only a
small group, perhaps 5%-io%, is the plasma
renin level elevated, and in this group the
renin dependency of the hypertension can be
demonstrated by control of hypertension by
bilateral nephrectomy (Brown et alii, 1971).
The volume factor demonstrated in the one-

kidney rat model has therefore been shown to
have its clinical counterpart in patients with
either renovascular or bilateral parenchymal
disease.

The two-kidney model has its counterpart
in patients with unilateral renovascular
hypertension with normal contralateral func¬
tion. Plasma renin levels are high, since the
normal kidney excretes salt freely in response
to the systemic hypertension, and therefore
prevents volume expansion from adding to the
reduction in circulatory capacity resulting
from renin secretion from the kidney supplied
by the stenosed artery.
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Clinical Application

These findings are of major importance in
the management of patients suspected of
having Goldblatt hypertension. In the presence
of renovascular disease, normal peripheral
renin levels may indicate occult bilateral
disease, with volume expansion supressing
renin secretion. Nephrectomy with removal of
functioning renal tissue is clearly contra-
indicated, and surgery should be avoided
unless renal artery reconstruction can be
readily and safely undertaken. It should be
noted, however, that in the presence of major
impairment of renal function, renovascular
reconstruction may be of value in restoring
useful function to a markedly ischsemic kidney
(Morgan et alii, 1974).
In contrast, in patients with normal function

of the contralateral kidney, peripheral renin
levels should be high, particularly when
indexed against sodium excretion (Laragh et
alii, 1975). In such patients, endocrine sup¬
pression of renin secretion from the uninvolved
kidney can be demonstrated by simultaneous
renal vein renin estimations. With complete
suppression, which should occur if the
uninvolved kidney is normal, renal vein renin
levels from this kidney should approximate
those in the peripheral arterial or venous blood
(Laragh et alii, 1975), while that in the vein
on the involved side will be significantly
higher (Pawsey et alii, 1971). In such patients
with proven unilateral vascular disease,
surgical repair of even complex vascular
lesions can be undertaken with comparative
impunity. Although retention of functioning
tissue is obviously desirable and is one of the
prime reasons for surgical intervention, it is

not obligatory, since loss of the kidney follow¬
ing unsuccessful surgery will not result in
major impairment of function, while still
allowing successful control of hypertension.

Conclusion
The problems of hypertension remain

complex, and it is clear that further experi¬
mental and clinical studies with careful control
and interpretation are required before a full
understanding of renal hypertension and its
many manifestations can be reached. However,
present knowledge allows physicians and
surgeons to adopt a logical and progressively
safer approach to the management of this
disease.
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BILATERAL RENAL ARTERY ANEURYSMS:
IN-SITU AND EXTRACORPOREAL REPAIR

I. R. Gougii, R. D. Gordon and
G. J. A. Clunie
Department of Surgery, University of
Queensland, at Princess Alexandra Hospital,
Brisbane, and Department of Medicine,
Repatriation General Hospital, Greenslopes

Renal artery aneurysms are uncommon, but when they do occur they are frequently
associated with hypertension which may be amenable to surgery. Complex arterial
abnormalities which formerly would have been treated by nephrectomy may now be
reconstructed with preservation of the kidney. This is illustrated by a patient
with renovascular hypertension and bilateral renal artery aneurysms, in whom
arteriography and renal vein renin ratios were used as a guide to surgery performed
in two stages. An in-situ repair was performed on one side. On the other side, where
the aneurysm involved the three main branches of the renal artery, an extracorporeal
repair was performed using continuous cold perfusion, substitution of the pathological
segment with the patient's internal iliac artery, and autotransplantation to the iliac

fossa. Both kidneys were retained and the hypertension was cured.

Renal artery aneurysms are considered to
be uncommon, with a reported autopsy
incidence in large series of 1 in 7,000 (Howard
et alii, 1941) to 1 in 11,000 (von Ronnen,
i953). However, the increasing use of arterio¬
graphy in the investigation of hypertension
shows the incidence in selected populations to
be much higher (DeBakey et alii, 1973;
Cummings et alii, 1973).
The major significance of a renal artery

aneurysm lies in its potential for rupture or
as a possible cause of renovascular hyperten¬
sion. The true risk of rupture is uncertain. A
review by Harrow and Sloane of all 169 cases
published up to 1959 reported 69 calcified
aneurysms, none of which had ruptured, and
100 non-calcified aneurysms, 24 of which had
ruptured (six during pregnancy), resulting in
20 deaths. The authors concluded that "with¬
out question operative intervention to prevent
rupture and other complications is necessary
in patients with non-opaque saccular
aneurysms". Poutasse had stated in 1937 that
calcified aneurysms less than 1-5 cm in
Reprints: Professor G. J. A. Clunie, Department

of Surgery, Princess Alexandra Hospital, Ipswich
Road, Woolloongabba, Qld 4102.

diameter could be safely observed, but before
that time no calcified aneurysm of any size
had been known to rupture. Subsequently
three calcified aneurysms have been reported
to have ruptured and another four ruptures
have been alluded to (Cerny et alii, 1968).
Apparently none of these was of less than the
arbitrary diameter of 1-5 cm.
Review of patients from five series reported

in the last decade reveals only seven ruptured
aneurysms out of 139 cases (Poutasse, 1966;
Popowniak et alii, 1966; Cerny et alii, 1968;
Vaughan et alii, 1971; McCarron et alii,
l975)- This low incidence of rupture may be
partly explained by the implementation of
former recommendations when many
aneurysms were operated on immediately
following diagnosis. However, 29 patients
treated conservatively, who have been followed
from one month to ten years have been reported
(Popowniak et alii, 1966; McCarron et alii,
T975) I three died of unrelated causes at 4, 6
and 7 years after treatment respectively; and
the remainder had no complications from their
aneurysms. It therefore appears that the risk
of rupture has been exaggerated in the past
because only those aneurysms that ruptured
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were commonly recognized before the wide¬
spread use of arteriography.
Hypertension was reported in 20% of a

series of renal artery aneurysms collected
by Abeshouse in 1951, but the incidence has
recently risen to 80%-90%, reflecting the
increased rate of diagnosis in patients known
to be hypertensive. Although the presence of
an aneurysm may obscure an associated
stenosis, making interpretation of the angio¬
gram difficult, it has been suggested that renal
artery stenosis coexists in 30% (Popowniak
et alii, 1966) to 48% (DeBakey et alii, 1973)
of cases, and that patients with demonstrable
stenosis tend to have more severe hypertension.
Renovascular hypertension due to aneurysm
without stenosis is also presumably mediated
by the renin - angiotensin - aldosterone mech¬
anism. It has been postulated that thrombus
in the aneurysm may narrow the vessel lumen
or cause peripheral embolic infarcts, or that
the aneurysm may cause external compression
of branches of the renal artery (Cerny et alii,
1968), but it seems more likely that turbulent
blood flow within the aneurysmal segment and
alteration in pulse pressure promote renin
release (Indeglia et alii, 1967).
We have recently treated a hypertensive

patient with bilateral atheromatous renal
artery aneurysms which were dealt with
sequentially by in-situ and extracorporeal
repair with control of her hypertension.

Clinical Record
A 44-year-old woman presented with dizziness,

headaches, and syncope, in December 1975. She was
found to be hypertensive, and because control with
antihypertensive drugs was difficult, she was exten¬
sively investigated in May 1976. There was no
family history of hypertension, and no urinary
infection or analgesic abuse, and the patient had
been normotensive during two pregnancies. Renal
function was normal. Rapid sequence intravenous
pyelography showed normal and equal bilateral
function, but displayed a ring of calcification medial
to the right kidney. Subsequent arteriography
demonstrated bilateral renal artery aneurysms with
no obvious stenosis, the right-sided aneurysm
corresponding in position to the previously noted
calcification.
The left to right renal vein renin ratio was

1-38 : I, suggesting that the left kidney was rela¬
tively more ischemic than the right, although the
ratio was less than the accepted discriminatory level
of 1-5:1 (Pawsey et alii, 1971).
Her blood pressure was maintained at a level of

160/100 rnm Hg by high doses of propranolol,
hydrallazine, chlorothiazide, and amiloride, causing
significant side effects.

Aust. N.Z. J. Surg., Vol. 47 — No. 5, October, 1977

In June 1976 the left renal artery aneurysm was
explored through a midline abdominal incision. The
aneurysm was 3 cm in diameter, multiloculated, and
situated 1-5 cm distal to the aorta and 2 cm proximal
to the trifurcation of the renal artery. After sys¬
temic heparinization, and administration of mannitol
to produce an osmotic diuresis, the segment of
artery from which the aneurysm arose was excised
and an in-situ end-to-end anastomosis performed. By
the time of the patient's discharge from hospital
12 days later, the blood pressure was maintained
at a level of 160/90 mm Hg with a low dose of
propranolol alone.
By October 1976 there was moderate recrudes¬

cence of the hypertension, the blood pressure being
160/110 mm Hg despite increased doses of proprano¬
lol. Further rapid sequence intravenous pyelography
showed equal function on both sides, indicating
that the left kidney had been successfully revascu-
larized. The right to left renal vein renin ratio was
now i-6:l, a reversal of the previous findings,
indicating relative right renal ischsemia.
In November 1976 the right kidney was explored

through an extended midline abdominal incision. The
aneurysm was approximately 3 cm in diameter, with
the three main branches of the right renal artery
issuing from the aneurysm itself (Figure iA).
Mannitol was administered intravenously, but sys¬
temic heparinization was not used. The renal artery
and vein were ligated and divided proximal ly and
the kidney removed after division of the ureter in
its middle third. The renal artery was cannulated,
and the kidney was flushed with Collins C3 solution
at 4°C and placed in iced saline slush. The kidney
was then perfused with cold albumin solution
through the renal artery and aneurysm, using a
locally developed perfusion apparatus (Hardie et
alii, 1974).
The right internal iliac artery, together with

lengths of three major branches, was removed as
a free graft, which was then cannulated and
attached to the perfusion apparatus with a Y con¬
nection. Each of the branches of the renal artery
distal to the aneurysm was anastomosed sequentially
to each of the branches of the excised segment of
the internal iliac artery (Figure iB), the two
smaller anastomoses being performed over a tem¬
porary stent without the use of magnification. The
circuit was so arranged that continuous perfusion of
the kidney through two arteries was being carried
out during the anastomosis on the third artery.
Following completion of the three arterial

anastomoses (Figure iC), perfusion was ceased and
the kidney inserted as an autotransplant in the right
iliac fossa with end-to-side anastomoses between the
grafted internal iliac artery and the external iliac
artery, and between the renal vein and external iliac
vein. The total extracorporeal time was 160 minutes,
and urine flow was noted ten minutes after revascu¬

larization. A 6 cm length of ureter was excised, the
ends spatulated, and end-to-end ureteroureterostomy
performed without a splint.
Subsequent intravenous pyelography demonstrated

good function without obstruction. The blood
pressure was maintained at 140/90 mm Hg without
medication, and there has been no recurrence of
hypertension in the six months since operation.
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Figure i: (A) perfusion via 2 and 3 while i is anastomosed to I; (B) perfusion via i and 3 while
2 is anastomosed to II; (C) similarly perfusion is via 1 and 2 while 3 is anastomosed to III, com¬

pleting the replacement of the renal artery which is now ready for autotransplantation.

BILATERAL RENAL ARTERY ANEURYSMS GOUGH ET ALII

Clamp

\
Perfusate

Discussion
In seven series of renal artery aneurysms

Harrow and Sloane, 1959; Popowniak et alii,
1966; Poutasse, 1966; Cummings et alii, 1973;
DeBakey et alii, 1973; McCarron et alii,
1975; Stanley et alii, 1976), 24 of 212 patients
(approximately 12%) were reported to have
bilateral aneurysms, so that the condition itself
is unusual and reports of surgical repair are
rare. Of four cases described by Poutasse in
1966, two were treated by bilateral in-situ
repair, one by unilateral repair and contra¬
lateral nephrectomy, and the fourth by uni¬
lateral repair followed by the patient's refusal
of operation on the other side. DeBakey and
his colleagues (1973) reported three patients
with bilateral aneurysms in a series of 21
patients treated by in-situ repair by a variety

of techniques. In 1975 Gayliss and Lissoos
described successful unilateral repair in a
patient with bilateral aneurysms, the kidney
being flushed with cold Collins solution and
the aneurysmorrhaphy being performed extra-
corporeally before reimplantation in the iliac
fossa.

Although the risks of rupture have probably
been exaggerated in the past, the association
of hypertension with renal artery aneurysm,
especially when there is evidence of functional
renal ischaemia, is a clear indication for surgical
correction (Cummings et alii, 1973). In the
case reported here, renal vein renin ratios
indicated initial relative ischaemia of the left
kidney. Tt was important that the left kidney
be preserved because of the complex arterial
pathology on the right side. As a first stage,
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662 Aust. N.Z. J. Surg., Vol. 47— No. 5, October, 1977



BILATERAL RENAL ARTERY ANEURYSMS GOUGH ET ALII

therefore, in-situ repair of the non-radio-
opaque left-sided aneurysm was performed.
Although there was initial improvement in
control of the hypertension, moderate recrudes¬
cence of hypertension and reversal of the
previous renal vein renin ratio indicated rela¬
tive right renal ischsemia and the need for
repair of the right renal artery.
In the light of our experience with renal

autotransplantation for hypertensive patients
with complex renal artery pathology (Clunie
et alii, 1975), and the recent experimental and
clinical work of Belzer and his colleagues
(1975) in ex-vivo renal artery reconstruction,
it was decided that extracorporeal repair
should be undertaken in this case. Extra¬
corporeal repair and autotransplantation can
be performed safely after simple flushing with
cold solutions to reduce the effects of intra¬
operative ischsemia (Clunie et alii, 1975).
However, continuous perfusion with the use
of a free internal iliac artery graft as described
by Belzer and his colleagues (1975), and as
modified by ourselves in this case, has the
advantage of allowing precise localization and
repair of anastomostic leaks before revasculari¬
zation.

Management of the ureter depends on the
anatomical findings at operation. If access is
easy the ureter may be left intact, with appli¬
cation of a light occlusion clamp to prevent
retrograde arterial flow into the cooled kidney
during reconstruction, and then allowed to
adopt a smooth curved course after reimplan¬
tation. There is no evidence that redundancy
of the ureter after autotransplantation to the
iliac fossa results in any difficulties with urine
drainage (Clunie et alii, 1975). Alternatively,
if complete removal of the kidney is desirable
for ease of vascular reconstruction, the ureter
may be divided without hesitation, with recon¬
struction by ureteroureteric anastomosis as in
this case, or by ureterovesical implantation.
The preservation of functioning renal tissue

should be one of the prime aims of surgical
treatment of renovascular disease in general
and renal artery aneurysms in particular,

especially when the disease is bilateral.
Nephrectomy may control hypertension and
remove the risk of aneurysmal rupture, but
will usually be an undesirable and unnecessary
option. This case of surgical repair of bilateral
renal artery aneurysms illustrates that proven
in-situ techniques should be used where
applicable, and also demonstrates that extra¬
corporeal repair and autotransplantation will
achieve retention of a functioning kidney in
spite of complex arterial pathology.
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GENERAL SURGERY

Although my particular interests have been in kidney

transplantation and the surgery of hypertension, I have practised for all of

my professional life as a general surgen and these disparate articles
reflect areas of practice where i and my colleagues made some

contribution in broader fields of genera! and endocrine surgery.
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This article presented the results of my first research undertaken,

in association with Professor Gerald Miiton, when / was resident at the

Royal infirmary of Edinburgh. By carefully monitoring and recording the

nature and frequency of bowel sounds after haematemesis and meiaena,

we were able to show that a change in character and an increase in

frequency of such sounds were the first signs of recurrent haemorrhage.
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THE BOWEL SOUNDS IN CASES OF HAEMATEMESIS AND MELAENA

By G. W. Milton* and G. J. A. Clunie
Department of Surgical Science, Unive rsity and Royal Infirmary, Edinburgh.

THE object oE this short paper is not topresent any new or original observation
but to emphasize the value and limitations
of a physical sign in the management of
patients suffering from gastro-intestinal
haemorrhage. Vaughan and Torek (1939)
and Torek (1947) mention the importance
of a study of the bowel sounds in the differ¬
ential diagnosis of bleeding into the gut as
opposed to bleeding into the peritoneal
cavity. These authors point out that if bleed¬
ing occurs into the gut the bowel sounds are
increased. However, in cases of intraperi¬
toneal haemorrhage the bowel sounds are
diminished or absent. Torek also stressed
the value of abdominal auscultation as a

means of assessing the recurrence of gastro¬
intestinal bleeding in a patient under observa¬
tion. It is primarily with this aspect of the
auscultation of the bowel sounds that the
present paper is concerned.

In a previous paper (Milton, 1958) a
method for obtaining a rough quantitative
assessment of the bowel sounds at the bed¬
side was described. It was concluded that
with practice in counting the bowel sounds
for one minute in each of the four quadrants
of the abdomen an observer may make a
reasonably good quantitative assessment of
the bowel sounds. If the sounds are very in¬
frequent i.e., an average of less than 5-10
sounds per minute then the results obtained
by different observers were comparable. If
the sounds are more frequent then the results
obtained on different occasions are only com¬
parable if obtained by the same person. An
increase in the bowel sounds above the nor¬

mal was defined as an average count of more
than 20 sounds per minute in a patient who
had been fasted for more than 12 hours. (This
represents more or less continuous bor-
borygmi for four minutes in a fasted patient.)
A considerable volume of sound and the
presence of a palpable fremitus on the anterior
abdominal wall does not necessarily indicate

* Present address, Department of Surgery, University
of Sydney.

any increase above the normal. The same
method has been used by us to investigate the
abdominal sounds heard in patients suffering
from gastro-intestinal haemorrhage.

Material and Methods

Twenty cases of gastro-intestinal haemor¬
rhage were studied front the time of their
admission into hospital until they were ready
for discharge or considered suitable for
operation. The cases were admitted to the
Royal Infirmary, Edinburgh, or to the Royal
Prince Alfred Hospital, Sydney. The ab¬
domen was examined two or three times a

day. The bowel sounds were examined be¬
fore the patient's progress was assessed by
other means. At the beginning of the investi¬
gation no significance was consciously at¬
tached to any change in character of ine
bowel sounds when planning further treat¬
ment, but with greater experience the value
of the bowel sounds in assessing the progress
of the haemorrhage became more apparent.
In addition to abdominal auscultation a

record was kept of the pulse rate, blood
pressure and the details of any haematemesis,
melaena, and gastric aspirate. The quantity
and time at which any fluid had been taken
by mouth was noted and also the volume and
content of any intravenous infusions or any
administered drugs.

Results

(1) There are usually no bowel sounds to
be heard in a patient who has recently
had a severe bleed and who is grossly
shocked (systolic B.P. less than 100 mm.
of mercury). The average count of the
bowel sounds was 0-5 sounds per minute.

(2) As the systolic blood pressure rose above
100 mm. of mercury either as a result
of transfusion or of vasoconstriction the
bowel sounds began to he audible again.
At first the counts were between 5-10/
min., but within a few hours the sounds
became almost continuous (20-30+/
min.) in each of the four quadrants. The
sounds were loud and could be heard
all over the abdomen, but the fremitus
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which was often marked was

felt most in the central and
lower parts of the abdomen.
The sounds had a charac¬
teristic watery or sloshy
character which was very
similar to the sound pro¬
duced by the exteriorized
dog intestine when it was
filled with water and con¬

tracting vigorously under
the influence of eserine or

prostigmine (Milton, 1958).
None of the patients
examined at this stage, that
is, after a severe haemor¬
rhage and recovery from the
initial shock, had had any¬
thing by mouth except a
few sips of water for twelve
hours or more prior to the
examination.

(3) As the patient improved
and if there was no evidence
from the blood pressure,
pulse rate or gastric aspirate
of further haemorrhage, the
frequency of the bowel
sounds gradually decreased
during the next twenty-four
hours. Sometime during
this period a melaena stool
was usually passed.
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(4) If during this period of
relative quiescence, i.e., with
the average sound counts of
less than 20/min. over four
minutes, the sounds began
to increase and also became
watery or sloshy in charac¬
ter, it was found that the
pulse rae usually began to
creep up within two to three
hours. Within a few hours
or less the blood pressure
began to fall. In those
patients who came to operation at this
stage the upper small intestine was
found to contain quite large amounts of
blood. An important exception to the
rising bowel sound count occurred in
those patients who had been given food
or fluids within half an hour of the
examination. As a result of this finding

FIG. I. A record of the systolic blood pressure, pulse rate, and
average bowel sound count from a typical patient. On the day
prior to admission he had vomited about 1 pint of bright blood.
At the time he was first examined his condition was satisfactory,
the bowel sounds were loud and sloshy in type. During the
night of 9th May, 1957, he apparently had a further bleed but
this was not followed by the usual increase in bowel sounds
at the time the blood pressure returned to normal. On the
following morning, in spite of the absence of food for more
than twelve hours the sounds had increased in number and
had become sloshy. At this point, it was decided that an opera¬
tion should be done, but by the time the theatre was available
two hours later there was considerable increase in the bowel
sounds, the pulse rate had begun to rise, and the B.P. to fall.
At operation an actively bleeding duodenal ulcer was found.

it became our practice to listen to the
abdomen immediately before feeding.

5) In no case was it found possible to dis¬
tinguish rhythmic sounds heard from the
pyloric region or to distinguish the six
second rhythm of the small bowel.

Fig. I shows the record of a typical case.
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Discussion

Auscultation of the abdomen is an exami¬
nation, which, to be of full value, requires
more practice lhan the auscultation of the
chest. The reason for this is that the varia¬
tion in the normal quantity and quality of
abdominal sounds is much greater than ihe
normal variation in the sounds produced in
the chest.

Abdominal sounds are largely produced in
the small intestine and much less often in the
stomach by the forcing of mixtures of fluid
and gas through tonically contracted seg¬
ments of bowel; but there are many variable
factors in the production of bowel sounds
(Milton, 1958).
Blood outside the lumen of the blood

vessels is usually an irritating substance, wit¬
ness the pain and rigidity produced by haemo-
peritoneum. A large amount of blood in the
lumen of the gut apparently is also an irri¬
tant because it is so frequently followed by
diarrhoea. This diarrhoea is not simply due
to a large fluid volume in the gut because
several pints of beer or water may be drunk
without either vomiting or diarrhoea but a
pint or two of blood in the stomach usually
results in both vomit and diarrhoea.

The submission of this paper is that in¬
creased intestinal motility is produced by
blood in the bowel lumen, and that this in¬
creased motility may first be detected by the
increasing bowel sounds as Torek described.
The increase in the bowel sounds can occur

before there is evidence of continued bleed¬
ing in a rising pulse or falling blood pressure.
Later, provided there is no severe shock, the
sounds become very loud and associated with
a palpable fremitus on the anterior abdominal
wall, but unless the patient has been without

food for twelve hours or more, the frequency,
and volume of the sound are not above the
upper limit of normal (Milton, 1958). In¬
creasing bowel sounds in a fasted patient is
therefore the first sign of a recurrent bleed,
but if the patient is shocked the sounds may
be absent.

Although the bowel sounds may be a useful
guide in distinguishing between intra-intestinal
and intraperitoneal haemorrhage there are
often other features in the history or in the
physical examination which are more reliable.

Frequent and loud bowel sounds also ac¬
company diarrhoea due to other causes, e.g.,
gastro-enteritis, but these are rarely confused
with gastro-intestinal haemorrhage.

Summary

1. A careful assessment of the frequency
ot the bowel sounds was made in twenty cases
of haematemesis and melaena.

2. It was found that:—
The bowel sounds are increased above what

has been defined as die upper limit of normal,
when there is much blood in the small intes¬
tine.

The frequency of the bowel sounds in¬
creases before there is other evidence of a

restart in gastro-intestinal haemorrhage.
The bowel sounds are absent if the patient

is severely shocked.
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VISCERAL DIVERTICULA AND THE MARFAN SYNDROME

By G. J. A. CLUNIE*
surgical registrar, bangour general hospital

and J. M. MASON
casualty officer, bangour general hospital

In 1896 Marfan described the skeletal features of the
syndrome which bears his name. It is now recognized
that the three cardinal manifestations of the full
Marfan syndrome are: (1) skeletal, characterized by
arachnodactyly and laxity of ligaments; (2) ocular,
characterized by dislocation of the lens (Boerger,
1914)3 with myopia and retinal detachment as
associated defects; and (3) cardiovascular, charac¬
terized by aortic dilatation and dissecting aneurysm
(Baer, Taussig* and Oppenheimer 1942). External
hernia? are also commonly reported.

We wish to present a family, 4 of whose members
alleiided Bangour General I lospital with the.
complications of visceral diverticula, 3 of them also
showing lhe features of a congenital mesodermal
dystrophy of the Marfan type.

CASE REPORTS

Case 1.—T. W., now 27 years of age, was seen in 1952
with subacute intestinal obstruction. He was tall, with
marked ligamentous laxity and arachnodactyly, totally
bald, and grossly myopic. At operation, there was a
failure uf rotation of the midgut loop with a volvulus
producing sub-acute obstruction and marked distension
of the superior mesenteric vein. Multiple diverticula were
present in the colon but not in the small bowel.

In 1953, following further obstructive episodes,
multiple diverticula of the jejunum were found (Fig. 68)
and the affected segment was excised. He was readmitted
in 1955 with a right retinal detachment; he had a cataract
in the left eye in which he was totally blind, but there was
no dislocation of the lens. In 1959, following an attack of
acute abdominal pain, a perforated diverticulum of the
terminal ileum was found at operation in the Royal
Infirmary, Edinburgh, and the affected segment was again
excised.

He was reviewed in 1961. He showed the characteristic
appearance of the Marfan syndrome (Fig. 69), and in
addition was completely bald and totally blind. There
was now a small left femoral hernia. No cardiovascular
lesion was found clinically, on E.C.G. or on radiography.
His physical measurements are recorded in Table I.

Chromosome examination from a skin biopsy showed
no abnormality: in particular there was no enlargement of
the satellites.

Case 2.—A. W., brother of T. W., now 23 years of age,
was seen in 1961 with acute retention of urine. Bilateral
inguinal and femoral herniotomy and attempted correction
of bilateral internal strabismus had been carried out

previously. On examination (Fig. 70) there was marked
myopia and internal strabismus but no ectopia lentis.
There were large recurrent femoral hernia?. No cardio¬
vascular lesion was detected.

The bladder was distended to the umbilicus and
multiple vesical diverticula were demonstrated at
cystoscopy and on subsequent cystography, with no
evidence of an obstructive lesion. After a short period of

* Present address: The Department of Surgery, The
Royal Victoria Infirmary, Newcastle upon Tyne.

continuous drainage he was able to pass urine spon¬
taneously, sometimes with pressure over the right femoral
hernia.

Three months later he was readmitted with pain
localized to the left femoral hernia; at operation no cause
for the pain was found. The hernia was reduced with
difficulty due to dense adhesions, and a thin-walled
bladder diverticulum was dissected off the medial wall of

Fig. 68.—Showing multiple jejunal diverticula.

the sac and excised. The peritoneum was opened and a
single diverticulum of the jejunum and multiple colonic
diverticula were visualized. The caecum was undescended
and there was no fixation of the small bowel mesentery.

Table I.—Physical Measurements of 3 Cases ofMarfan
Syndrome with Visceral Diverticula

Metacarpal
Case Height Span Pubis-Vertex Pubis-Heel Index

1. (T. W.) 75 in. 82 in. 37 in. 38 in. 8-5
2. (A. W.) 70 in. 74 in. 36 in. 34 in. 7'8
3. (W. W.) 75 in. 80 in. 37 in. 38 in. 9-2

Sinclair, Kitchin, and Turner (i960) propose a
'metacarpal index' as a measure of arachnodactyly; the
lengths of the right second to fifth metacarpals as seen on
radiography are divided by their widths at their exact
midpoints, and their average taken; the normal range is
$•4-7-9; an index greater than 8-4 is indicative of
arachnodactyly.

Case 3.—W. W., another brother, now aged 21 years,
was admitted in i960 with abdominal pain of two days'
duration and a mass in the right iliac fossa. Bilateral
inguinal and femoral herniotomy and attempted correction
of bilateral internal strabismus had been carried out

previously. At operation a perforated diverticulum of the
caecum was found and removed together with a normal
appendix. There was incomplete fixation of the small
bowel mesentery, with two large diverticula of the jejunum
and multiple colonic diverticula.

He was reviewed in 1961 (Fig. 71). He showed gross
internal squint and myopia but no lens dislocation. His
skeletal proportions were those of the Marfan syndrome.
There were recurrent inguinal and femoral herniae. No
cardiovascular anomaly was detected.
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Case 4.—M. W., a sister, now aged 16 years, was
admitted in 1961 with abdominal pain and right iliac fossa
tenderness. A perforated diverticulum of the caicum and a
normal appendix were excised locally.

Her general appearance was normal. There was no
arachnodactyly, no visual defect, and no cardiac anomaly.

In view of the obvious familial nature of the
lesions an attempt was made to examine the whole
family. The mother and father are first cousins and
have had 10 children. The parents and 2 children

are due to a similar elastic tissue defect of the bladder
and intestinal walls, rather than to an unrelated
congenital factor. Similar bladder and intestinal
diverticula have been described in cases of the
Ehlers-Danlos syndrome, but not in the Marfan
syndrome, as far as we are aware.

SUMMARY

A family, 4 of whose members presented with
the complications of visceral diverticula, 2 of them

Fig. 69.—T. W., showing the characteristic
appearance of the Marfan syndrome.

were seen in addition to the 4 already described; no
evidence of arachnodactyly, ectopia lentis, or cardio¬
vascular lesions was found, although several were
myopic and the mother had a 90° internal squint.
The remaining 4 children have left the district but
are said to be normal in health and appearance.

DISCUSSION

At least 2 of the patients described show the
skeletal and some of the ocular manifestations of the
Marfan syndrome.

So-called 'secondary' manifestations of the
syndrome occur sporadically and, as McKusick
(i960) points out, it is likely that such defects are
coincidental and not true features of the syndrome
itself. The anomalies of rotation in these cases

are obvious examples of unrelated defects of this
kind.

The commonly described effects of dilatation of
the pulmonary artery, the aortic ring, and the aorta
are presumed to be due to a basic defect in elastic
tissue, their effects appearing in early adult life as a
result of strain on the involved tissues. It seems

probable that the visceral diverticula in this family

Fig. 71.—W. W., again showing the
characteristic appearance.

also showing some of the features of the Marfan
syndrome, is described. It is suggested that the
diverticula, as in the Ehlers-Danlos syndrome, are
related to the presumed basic defect in elastic tissue.
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N. A. Gray, of Bangour Hospital, for permission to
report on cases under his care; Mr. B. Nolan, of the
Royal Infirmary, Edinburgh, for his operation notes
on T. W.; Dr. D. G. Harnden, of the Clinical
Effects of Radiation Unit, for his examination of the
chromosomes of T. W.; Dr. A. D. McKenzie for
examining the eyes of the reported patients; and Mr.
D. Franklin for the clinical photographs.
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HYPERPARATHYROID CRISIS

By G. J. A. CLUNIE, A. GUNN,* and J. S. ROBSON
department of surgical science and department of therapeutics,
university of edinburgh, and the royal infirmary, edinburgh

Hyperparathyroid crisis is a rare and acute exacer¬

bation of a chronic disease and, although invariably
fatal if unrecognized and untreated, can be com¬
pletely relieved by removal of the hyperfunctioning
parathyroid tissue. It is characterized by progres¬
sively severe nausea and vomiting, frequently associ¬
ated with abdominal pain, lethargy, drowsiness,
attacks of faintness, and mental confusion leading
ultimately to coma. Tachycardia and pyrexia of un¬
known aetiology are frequently found and varying
degrees of heart-block occur in the later stages. The
concentration of serum calcium is greater than 14 mg.
per too ml. and often shows a steady rise to levels
of 20 mg. per 100 ml. or more. Acute renal failure
with oliguria is also a frequent complication.
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Fig. 1.—Case i. Chief-cell adenoma with frequent mitoses.

(X320.)

Thirty-two cases of primary hyperparathyroidism
have been recognized and treated in the Royal In¬
firmary, Edinburgh, in the past 10 years, amongst
whom 4 cases of acute parathyroid intoxication or
hypercalcaemic crisis have occurred. Wilson, Bern-
hard, Polet, and Moore (1964) reported 4 cases of
crisis in 41 patients with hyperparathyroidism seen
in Boston over a 30-year period, although Cope
(i960) did not mention the condition in a review of
hyperparathyroidism from the same city. These
figures suggest that a crisis, although relatively rare,
occurs more commonly than is generally recognized.

CASE REPORTS

Case I.—M. M., a 35-year-old woman, had had a
parathyroid adenoma removed (J. R. Cameron) in 1949,
with complete remission of her symptoms of hone pain,
thirst, and polyuria. The tumour was of chief-cell type
(Fig. 1) and was noted as showing an abnormally high
number of mitotic cells.

* Present address: Department of Surgery, Queen's
College, Dundee.

Ten years later, having been well in the intervening
period, she was readmitted with a 10-day history of
vomiting and progressive weakness. She was semi¬
conscious and showed signs of great water and salt
depletion. The serum calcium concentration was 16 mg.
per 100 ml., serum phosphorus 5 mg. per 100 ml., and
blood-urea 200 mg. per 100 ml. In spite of appropriate
intravenous fluid and electrolyte therapy she died within
2 days of admission.
At post-mortem examination a parathyroid carcinoma

was found at the site of the previous adenoma in the neck
and there were two round deposits of between 1 and 2 cm.
in the right lobe of the lung. Microscopically the tumour
showed cells mainly of the wasserhelle type, though
chief and oxyphil cells were also present. The pulmonary
metastases showed a similar histological appearance
(Fig. 2).

""L . rV
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Fig. 2.—Case 2. Pulmonary metastasis. ( x 72.)

Case 2.—E. W., a 70-year-old woman who had pre¬
viously enjoyed good health, was admitted in 1959 with a
3-week history of weakness, nausea, vomiting, polyuria,
and intense thirst. She gave a history of a simple episode
of renal colic 10 years previously. On admission she was
severely depleted ofwater and salt, and was confused. The
patient did not respond to the administration of fluid
and electrolytes, mental confusion increased, and she
became incontinent of urine. Radiological skeletal
examination revealed only a moderate degree of osteo¬
porosis and a straight radiograph of the abdomen did not
show nephrocalcinosis or renal calculus formation.
Serum calcium estimated 3 days after admission was
12-7 mg. per 100 ml. (Fig. 3), rising to 21-9 mg. per 100 ml.
3 days later when an emergency exploration of the neck
was carried out (M. F. A. Woodruff). The lower left
parathyroid gland was replaced by a i-cm. clear-cell
adenoma which was removed. The thyroid was nodular,
making identification of the remaining parathyroids
difficult, but three other nodules were biopsied and
shown to contain parathyroid tissue on frozen-section
examination. Total thyroidectomy was then carried out.
The patient did not recover consciousness post¬

operatively. The serum calcium remained elevated and
the electrocardiogram showed partial heart-block. She
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died the following day. At post-mortem examination a
parathyroid adenoma, 4 cm. in length and also of clear-
cell origin, was found high in the superior mediastinum
just below the bed of the right inferior thyroid pole.

made and the neck was explored (M. F. A. Woodruff).
In spite of an extensive dissection no parathyroid tumour
was found. Postoperatively the patient began to vomit and
become lethargic and confused, the concentration of

aooo-15o.
urea

mg/100ml.

gg CREATININE
CLEARANCE

60 ml./min.

Fig. 3.—Case 2. Graph of biochemical results. Fig. 4.—Case 3. Graph of biochemical results.

Fig. 5.—Case 4. Graph of biochemical results and treatment.

Case 3.—W. D., a 20-year-old man, was admitted in
1961 with a 9-day history of vomiting, thirst, and polyuria
of abrupt onset. He was treated initially with intravenous
fluids but continued to vomit intermittently. The
concentration of serum calcium was found to be 151 mg.
per 100 ml. with a serum phosphorus of 2-6 mg. per
100 ml. Radiological examination of the skull, spine, and
hands showed cortical thinning and subperiosteal erosion.
A diagnosis of hyperparathyroidism in incipient crisis was

serum calcium rising to a maximum of 19 5 mg. per
100 ml. and blood-urea to 64 mg. per 100 ml. (Fig. 4).
Electrocardiographic examination showed the develop¬
ment of incomplete right bundle branch block. Explora¬
tion of the mediastinum was carried out 4 days after the
neck operation, no tumour being found, but on a further
exploration of the neck a 7 5 x 4 0x2-5 cm. adenoma of
clear-cell type lying deep to the prevertebral fascia was
removed.
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Thereafter the patient's general condition improved
rapidly, the serum calcium falling to below normal levels
within 3 days of the second operation and returning to
normal within 7 days without further therapy. He has
remained symptom-free and serum calcium was 9-4 mg.
per 100 ml. at his last attendance in September, 1965.

Case 4.—J. I., a 66-year-old woman, first developed
headaches, transient episodes of fainting, lassitude,
weakness, nausea, and vomiting in 1963. She was found
to have serum calcium of 12-4 mg. per too ml. There was
no radiological skeletal evidence of hyperparathyroidism
or of nephrocalcinosis. Serum calcium fell to normal
following the administration of cortisone (150 mg. per
day) over 10 days and in spite of intensive negative
investigations the hypercalcaemia was considered to be
due to malignant disease.
The patient's symptoms slowly subsided, but in 1964

she was again admitted with a urinary tract infection and
complaints of generalized bone pains. The blood-urea
had risen from normal concentration to 140 mg. per
100 ml., serum calcium to 19 mg. per 100 ml., and serum
phosphorus to 4-6 mg. per 100 ml. She was lethargic and
dehydrated. The infection was controlled with antibiotics
and the hypercalcaemia reduced by a slow infusion of
disodium versenate (EDTA), 16 g. given intravenously
over 5 days. The serum calcium slowly fell to normal
levels. A further search for a primary malignancy was
unsuccessful and, in particular, aortography, carried out
after intravenous pyelography had suggested a renal
tumour, showed no abnormality. Other tests for hyper¬
parathyroidism were carried out with negative results.
The total urine calcium ranged between 28 and 90 mg.
per 24 hours with a creatinine/calcium ratio of 0-09. The
calcium infusion test showed a fall from 0 4 to 0 26 in the
phosphate/creatinine ratio determined over 4-hour periods
after infusion. The phosphate-excretion test, however,
was positive between +0-24 and +0-33. A skeletal
survey showed no abnormality.
Following the aortogram a false aneurysm developed

in the right groin. The serum calcium then rose to 15 mg.
per too ml. and to 17-4 mg. per 100 ml. 3 days later,
when exploration and repair of the aneurysm were
performed, and to 184 mg. per too ml. after 2 more days,
in spite of EDTA (30 g.) and hydrocortisone infusion
(500 mg.) (Fig. 5). The neck was then explored (B. Nolan).
A 3-cm. chief-cell adenoma was found deep to the lower
pole of the left lobe of the thyroid gland and was removed.
Within 24 hours serum calcium had fallen to 14-6 mg.
per 100 ml., reaching normal levels 6 days postoperatively.
Blood-urea rose to a maximum of 190 mg. per 100 ml.,
falling slowly to normal levels thereafter. Calciferol was
started postoperatively when serum calcium had fallen to
6-9 mg. per too ml., the dosage being gradually reduced
and discontinued before discharge early in 1965.
At her last attendance in November, 1965, the patient

was symptom-free and serum calcium was 97 mg. per
100 ml.

DISCUSSION

In 1923 Dawson and Struthers described the post¬
mortem examination of a patient who died following
a syncopal attack, where the main features were a
parathyroid adenoma, generalized osteitis fibrosa,
and metastatic calcification. This was probably the
first recorded case of acute parathyroid intoxication
or crisis, although the authors did not recognize it
as such. The administration of repeated doses of
parathormone was shown to produce a characteristic
syndrome with initial profuse diuresis, weakness, and
apathy, progressing to vomiting, dehydration, oliguria,
coma, and death, in a series of dog experiments
reported by Collip and Clark in 1925.

Lowenburg and Ginsburg (1932) described a case
of accidental poisoning. A 5-year-old boy suffering
from purpura was inadvertently given an overdose
of 100 units of parathyroid extract daily for 6 days,
during which he showed progressive nausea, vomiting,
apathy, and confusion. Serum calcium rose to 19-6 mg.
per 100 ml. by the sixth day, but fell rapidly to
normal levels with complete regression of symptoms
when the parathormone was stopped.
Two fatal cases of intoxication due to parathyroid

chief-cell adenoma were reported by Wanke (1930),
and Payne and Fitchett were able to collect a total
of 70 fairly well-authenticated cases by 1965. A
further 3 cases have been reported since (Kutner
and Morton, 1965; Jacobs and Merritt, 1966). The
majority have occurred in patients already known to
be suffering from primary hyperparathyroidism or
who have shown typical features of the condition in
retrospect, but this is by no means invariable. The
nausea and vomiting, and the apathy and confusion,
seen in most patients are presumed to be due to hyper¬
calcaemia due to sudden excessive secretion of para¬
thormone, since all those cases in whom serum
calcium has been recorded show figures greater than
14 mg. per 100 ml. A similar hypercalcaemic crisis
can occur in a variety of carcinomata (Hermann,
Kirston, and Krokauer, 1949; Swyer, Berger,
Gordon, and Laszio, 1950), leukaemia (Mawdsley
and Holman, 1957), vitamin-D intoxication (Anning,
Dawson, Dolby, and Ingram, 1948), multiple myelo¬
matosis, and the idiopathic hypercalcaemia of infancy
(Snapper, 1957). However, high serum calcium
levels can occur without symptoms of crisis and it is
possible that sudden relative increases in ionized
calcium are more important than the sustained level.
The vomiting which results from the gastro-intestinal
disturbance and the initial polyuria secondary to
defective distal tubular reabsorption of water produce
gross dehydration resulting in oliguria, acidosis, azo-
taemia, and hyperphosphataemia, the effects being
more rapid when there is pre-existing renal damage.
The cause of the sudden excess in parathormone

secretion is not known, but a number of cases have
followed operation or anaesthesia, or an intercurrent
infection. Hanes (1939) described a case of crisis
following repeated palpation of a neck swelling.
Suspected cases of primary hyperparathyroidism
should be observed carefully for signs of crisis
following an operation or illness.
The parathyroid lesion in 66 of the reported cases

was an adenoma, usually of chief-cell type, and multi¬
ple adenomata were present in 6 cases. Hyperplasia
was seen in 7 cases and carcinoma in 3. The remain¬
ing case was iatrogenic (Lowenburg and Ginsburg,
1932).
Excision of the hyperfunctioning parathyroid

tissue produces complete remission and the value of
this procedure is shown by the survival of 33 of the
41 cases treated by operation. The only survivor
amongst the remaining 36 patients was the case of
accidental poisoning. Of the 8 patients reported to
have died following operation, 4 were shown to have
unrecognized adenomata in the mediastinum (Fink
and Finfroch, 1961; Veneema, 1961; Wilson and
others, 1964; and the second case in this series) and
1 had hyperplastic parathyroid tissue within the
thyroid gland (Wilson and others, 1964).
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Although a second adenoma may be found in the
mediastinum, this region is not usually exposed at the
time of a successful neck exploration, the superior
mediastinum alone being palpated through the collar
incision. If the patient fails to respond biochemically
or clinically, however, the mediastinum should be
explored promptly and, if no tumour is found in this
area, the neck should be reopened. When no adenoma
is found in the neck at the time of the original opera¬
tion the mediastinum should be explored immedi¬
ately in the crisis situation, since failure to locate the
causative adenoma will result in the death of the
patient.
The value of the conservative measures is difficult

to assess, since they have not been widely used, but
fluid and electrolyte deficiencies should be corrected
as rapidly as possible before operation. Harmon
(1956) used disodium versenate (EDTA), a calcium
chelating agent, to reduce the hypercalcaemia in a
patient who was later operated upon. In the fourth
patient in this report (Fig. 5) EDTA infusion reduced
the serum calcium while a urinary tract infection was
controlled, but it had no effect in a later crisis in the
same patient. EDTA may be nephrotoxic and should
be used with caution in these patients since many
already have severe impairment of renal function.
The use of cortisone to reduce the concentration

of serum calcium in impending crisis or as a diag¬
nostic test is probably best avoided. When given
initially to Case 4 the serum calcium fell and the
erroneous conclusion that this patient did not suffer
from hyperparathyroidism was made. During the
subsequent parathyroid crisis cortisone administration
had no apparent effect on the level of serum calcium.
Similar variable results to cortisone therapy have also
been reported in other cases of hyperparathyroidism
(Dent, 1962).

SUMMARY

Four cases of hyperparathyroid crisis are described,
in 2 of whom excision of a parathyroid adenoma
resulted in complete relief of symptoms and remis¬
sion of hypercalcaemia and secondary oliguria and

uraemia. In another case the causative adenoma was

not located, with fatal results, and in the fourth case
progression of an apparent adenoma to parathyroid
carcinoma with a terminal crisis occurred after 10

years.
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This and the subsequent article (129) represent attempts to follow

the lead of others in simplifying the approach to the successful

management of an all too common problem, retained stones in the
common bile duct.
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Retained Biliary Calculi:
Removal by a Simple Non-operative Technique

P. B. CATT, D. F. HOGG, G. J. A. CLUNIE, I. R. HARD1E

Ten patients with retained biliary calculi demonstrated by
postoperative T-tube cholangiography were managed by a
simple nonoperative washout technique. The bile was cul¬
tured routinely before each group of washouts, since fever
was a common sequel in the presence of infected bile. After
a parenteral dose of propantheline bromide, the biliary tree
was flushed through the T-tube with 1 litre of normal saline
containing 40 ml of lignocaine. Progress was followed by
T-tube cholangiography, and the criterion of success was a
cholangiogram showing adequate filling of the biliary tree,
absence of filling defects, and free flow of contrast medium
into the doudenum. The technique was successful in six of
the ten patients. There was no mortality and no significant
morbidity.

The routine use of intraoperative cholangiographyhas reduced the incidence of retained biliary
calculi following cholecystectomy and bile duct explora¬
tion, but calculi are still demonstrated in a significant
number of cases by postoperative cholangiography.1'9-12'14
Removal of the draining T-tube in the hope that the
stones will pass spontaneously or cause no further trouble
has proved unsatisfactory, since 8 out of 10 patients de¬
velop symptoms or complications requiring re-explora¬
tion.3 Such reoperation is associated with a significant
mortality and morbidity, and the chances of finding and
removing residual calculi fall progressively with the sec¬
ond and each subsequent exploration.6-13
Various nonoperative techniques for dealing with re¬

tained calculi have been proposed, including chemical
dissolution, flushing with a variety of solutions, and ex¬
traction with instruments or catheters passed down the
T-tube track,2'4'6-8'10'11-14 but none of these methods has
found wide acceptance. In 1967, Hivet and Richarme4
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From the Department of Surgery, University of Queensland,
Princess Alexandra Hospital, Brisbane,
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reported five cases in which calculi were successfully
washed out of the ducts by a simple saline flush. This
report describes a modification of this technique, and
its application in ten patients with retained bile duct
stones.

Materials and Methods

In the three-year period from January 1970 to Decem¬
ber 1972, nine partients were found to have retained
biliary calculi following cholecystectomy and exploration
of the common bile duct in the University Surgical Unit
at the Princess Alexandra Hospital, Rrisbane. A tenth
patients was referred from another unit in the same hos¬
pital.
In each patient, aerobic and anaerobic cultures of the

bile were undertaken at 7 days, and routine T-tube
cholangiography was performed at intervals of from 9
to 12 days after the primary procedure. Following the
radiological demonstration of residual calculi, propanthe¬
line bromide was administered intramuscularly 30 min¬
utes before flushing of the bile ducts with 1 litre of sterile
0.9% saline at room temperature containing 40ml of 1%
lignocaine, suspended 1 m above the mid axillary line.
The saline bottle was connected to the T-tube through
a standard intravenous administration set, and the in¬
fusion was started slowly, since all patients experienced
initial discomfort. As this subsided, the solution was al¬
lowed to flow as rapidly as possible. The patient's posi¬
tion was altered to direct the stream into all parts of the
biliary tree in an attempt to dislodge the calculi. Three
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washouts were given at daily intervals, and the T-tube
was clamped after each procedure. If the patient de¬
veloped pyrexia, the tube was immediately released, and
free drainage of the biliary system re-established. Results
were assessed by further T-tube cholangiography prior
to removal of the T-tube. Success was indicated by a
post-washout cholangiogram showing adequate filling of
the biliary tree, no filling defects, and free flow of the
contrast medium into the duodenum.

Case Reports
Case I. D.T., a 65-year-old woman, was admitted on April

22, 1970 with obstructive jaundice, ascending cholangitis, and
an E.coli septicemia. Cholecystectomy had been carried out 10
years previously in another hospital. The patient did not respond
to conservative treatment, and the bile ducts were explored on
April 24, 1970. Soft stones and biliary mud were removed from
a dilated duct system. Completion cholangiography through a
T-tube suggested at least two further calculi in the common hepatic
duct, but the patient's condition was so poor at this stage that
further exploration was not performed. The patient made a good
recovery, and on the 12th postoperative day, a further T-tube
cholangiogram confirmed the presence of two residual calculi.
Bile culture showed a growth of mixed enteric organisms. Wash¬
outs were carried out daily on three occasions from the 20th day,
each washout being associated with mild initial discomfort, acute

Fig. 1. Ten-day cholangiogram in Case 4 showing a 7 X 7 mm
calculus at the lower end of the common bile duct.

attacks of right upper quadrant pain, and low grade post washout
fevers. On a post washout cholangiogram, the smaller (10 X 5mm )
of the two calculi could no longer be demonstrated, but the
larger (14 x 10mm) calculus was still present. Before any further
washouts could be performed, the patient accidentally stepped on
the T-tube while getting out of bed and dislodged it. Following
a further attack of cholangitis re-exploration of the common bile
duct was performed. Six months after the initial episode the pa¬
tient was readmitted with a locally invasive cystadenocarcinoma
of the ovary, which was treated by panhysterectomy and removal
of an involved segment of pelvic colon. At present she is free of
biliary symptoms, although there is evidence of local extension of
the carcinoma.

Case 2. L.C., a 58-year-old man, underwent cholecystectomy on
May 5, 1970 following an acute attack of cholecystititis. The gall
bladder contained multiple faceted calculi and an operative
cholangiogram demonstrated a dilated duct system. No stones were
found on exploration, and no completion cholangiogram was per¬
formed. Bile culture in the postoperative period was sterile. A
10-day T-tube cholangiogram demonstrated a solitary calculus
9x7 mm in size at the lower end of the common bile duct. Three
washouts were performed, each accompanied by some initial dis¬
comfort, but no colic and no post washout fever. Repeat cholangio¬
gram showed no change, and the calculus was removed at a
second operation. The patient remains well with no further symp¬
toms.

Case 3. C.F., a 20-year-old woman, had suffered from repeated
attacks of biliary colic prior to cholecystectomy on April 5, 1971.
The gall bladder contained multiple small calculi, and an operative
cholangiogram demonstrated multiple calculi in the common mile
duct and common hepatic duct. Twenty-five small calculi were re¬
moved on exploration of the duct system. The completion cholan¬
giogram was of poor quality, but was interpreted as showing
no abnormality. The 10-day cholangiogram demonstrated al least
11 small defects scattered throughout (lie bilitary tree. These were
initially interpreted as air bubbles, but remained constant on two
further cholangiograms. The largest of the defects was 5x5 mm,
and the smallest 2x2 mm. Bile culture showed a growth of
mixed enteric organisms. Over the next 53 days, 13 washouts pro¬
gressively cleared these defects, now definitely considered to be
calculi. The patient experienced initial discomfort and recurring
attacks of right upper quadrant pain, high fever, rigors and diffuse
myalgia with each washout. Each febrile episode subsided rapidly
on unclamping the draining T-tube. No antibiotic therapy was
utilised. The final T-tube cholangiogram was interpreted as show¬
ing no evidence of residual calculi, and the T-tube was removed.
Two small stones 2x2 mm in size were found in the short limb
of the T-tube, and in retrospect, these calculi can be seen on the
final cholangiogram. The patient has had no further biliary symp¬
toms.

Case 4. A.A., a 47-year-old woman, had suffered from re¬
current episodes of biliary colic and was submitted to cholecy¬
stectomy on September 13, 1971. The gall bladder contained mul¬
tiple small calculi, and an operative cholangiogram demonstrated
multiple calculi in the bile ducts. On exploration, 14 small stones
were found and removed from the biliary tree. No completion
cholangiogram was performed. Bile cultures demonstrated a growth
of mixed enteric organisms. A 10-day cholangiogram (Fig. 1)
showed a 7 X 7 mm calculus at the lower end of the common bile
duot. This calculus was successfully cleared after u series uf llnee
washouts (Fig. 2). With each washout, the patient developed
initial discomfort, several episodes of acute right upper quadrant
pain, but no post washout fever. The patient has had no recurrence
of biliary symptoms.

Case 5. A.R., a 74-year-old woman, presented on September 16,
1971 with obstructive jaundice and mild cholangitis. Cholecystec-
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tomy and choledocolithotomy had been carried out at another
hospital 7 years previously. The patient was treated conserva¬
tively and a later intravenous cholangiogram showed two large cal¬
culi at the lower end of the common bile duct. Exploration was
carried out on October 4, 1971, one large calculus being removed
while a second large soft calculus fragmented during removal.
Completion cholangiogram was of poor quality but was accepted
as showing no abnormality. Bile cultures showed a growth of mixed
enteric organisms. A 10-day T-tube cholangiogram demonstrated
multiple defects varying in size from 8x8 mm to 2 X 2 mm,
which were presumed to be due to fragments of the second large
calculus, and which were still present on a 12-day cholangiogram.
Four washouts were given at daily intervals from the 12th day,
each washout being accompanied by initial discomfort, acute
exacerbations of right upper quadrant pain, and mild post wash¬
out fever. The final cholangiogram showed no evidence of residual
calculus. The patient has had no recurrence of biliary symptoms.

Case 6. E.R., an 82-year-old woman, was admitted on May
28, 1972 with acute cholecystitis. After 24 hours of conservative
management, increase in local and systemic signs lead to laparot¬
omy, when an acutely inflammed gall bladder containing multiple
faceted calculi, and with a perforation of the fundus was found.
A large calculus could be palpated in the common bile duct and
its presence was confirmed on the operative cholangiogram. Chole¬
cystectomy was carried out, and a single large calculus was re¬
moved from the common bile duct. The completion cholangiogram
was of poor quality, but was not repeated in view of the patient's
poor general condition at this stage of the operation. Bile cultures
demonstrated a growth of mixed enteric organisms. A 10-day
T-tube cholangiogram demonstrated a 10 X 5 mm filling defect. A
single washout was carried out under image intensifier control
on the 17th postoperative day. The calculus was visualised initially
at the lower end of the common bile duct, but was no longer
visible at the end of the procedure. This washout was accompanied
by mild initial discomfort, severe acute pain in the right hypo-
chondrium, and a mild post washout fever. A T-tube cholangiogram
2 days later showed no evidence of residual calculus. The patient
has had no recurrence of biliary symptoms.

Case 7. N.W., a 79-year-old woman, was admitted with a his¬
tory of recurrent episodes of biliary colic. At operation on Sep¬
tember 24, 1972 the gall bladder was found to contain multiple
facetted stones and was removed. The duct system was moderately
dilated and several calculi were seen at the lower end of the com¬

mon bile duct on the operative cholangiogram. Nine calculi were
removed during exploration of the duct system. Completion chol¬
angiogram showed no evidence of passage of contrast medium into
the duodenum, and there appeared to be some deformity of the
lower end of the common bile duct. Transduodenal sphincterot¬
omy and re-exploration of the duct were therefore performed, but
no further calculi were found. No final completion cholangiogram
was performed. Bile cultures showed a growth of mixed enteric or¬
ganisms. A 12-day cholangiogram demonstrated a 10 X 3 mm cal¬
culus at the lower end of the common bile duct. A single washout
was carried out on 17th postoperative day, and was accompanied
by initial discomfort, multiple attacks of acute right upper quad¬
rant pain, and mild post washout fever. A final cholangiogram
showed no evidence of residual calculus. The patient has had no
recurrence of biliary symptoms.

Case 8. H.C., an 80-year-old woman, had suffered many at¬
tacks of cholecystitis associated with jaundice in the six months
prior to cholecystectomy on December 19, 1972. At operation, the
gall bladder contained multiple calculi, and two stones were palpa¬
ble in the common bile duct. Six small stones were removed on

exploration of the duct system, and the completion cholangiogram
was interpreted as showing no abnormality. Bile culture showed
a growth of mixed enteric organisms. The 10-day cholangiogram

Fig. 2. Cholangiogram in Case 4 taken after a series of 3 washouts
demonstrating successful clearing of the calculus.

showed several small defects which were interpreted as air bubbles,
but one defect, measuring 8x6 mm, was still apparent at the
junction of the right and left hepatic ducts on a further cholan¬
giogram. A washout was performed under image intensifier con¬
trol on the 20th postoperative day. The calculus was visualised
initially in the left hepatic duct and subsequently below the T-tube
at the lower end of the common bile duct. This washout was ac¬

companied by mild initial discomfort and severe acute pain radiat¬
ing from the epigastrium to the back but no post washout fever.
Further washouts on each of the next 2 days were accompanied by
initial discomfort and a low grade post washout fever, severe acute
pain occurring once only in the first of these two washouts. A final
T-tube cholangiogram was interpreted as showing no residual cal¬
culi, and the T-tube was removed.
However, the patient was readmitted 1 week later with biliary

colic and jaundice, and a later intravenous cholangiogram showed
a filling defect at the lower end of a dilated common bile duct.
Review of the T-tube cholangiogram demonstrated that this stone
had been apparent in the final x-rays, which were misinterpreted.
A 8 X 6 mm calculus was removed at re-exploration on February
13, 1973, following which the patient has had no further biliary
symptoms.

Case 9. P.F., a 21-year-old man, was admitted on December
10, 1972 with obstructive jaundice and cholangitis which failed
to settle with conservative management. A percutaneous transhepa¬
tic cholangiogram on December 21, 1972 showed complete obstruc¬
tion of the lower end of the common bile duct, and cholecystec¬
tomy with exploration of the bile ducts was performed on the
same day. The gall bladder was edematous and contained several
pigment stones. Many soft pigment stones were removed from



250 CATT, HOGG, CLUNIE AND HARDIE Ann. Surg. • August 1974

the common bile duct, but completion cholangiogram was not
performed because of peroperative hypotension. Operative bile
culture showed a growth of Pseudomonas aeruginosa.
The 11-day cholangiogram and a repeat examination on day

12 showed many filling defects with the appearances of air bubbles,
but a further cholangiogram on day 21 showed persistence of a
single defect 5x4 mm in diameter,' apparently impacted at the
lower end of the common bile duct. A washout performed under
image intensifier control on that day produced vigorous perstalsis at
the lower end of the common bile duct which was associated with
severe acute pain in the right hypochondrium, but no contrast me¬
dium passed into the duodenum. There was a mild post washout
fever. Four further washouts carried out over the next 21 days
were accompanied only by mild initial discomfort, with no severe
pain or fever. A T-tube cholangiogram 4 days after the last wash¬
out showed no evidence of residual calculus. The patient has had
no recurrence of biliary symptoms.

Case 10. J.G., a 71-year-old woman, had suffered from re¬
current episodes of biliary colic for 3 years prior to cholecystec¬
tomy on February 6, 1973. The gall bladder contained numerous
calculi, and an operative cholangiogram demonstrated several small
calculi at the lower end of the common bile duct. On exploration
seven smal stones 4 nun in diameter were removed from the biliary
tree. Completion cholangiogram was accepted as showing no ab¬
normality. Bile cultures showed a growth of mixed enteric or¬
ganisms. A 9-day cholangiogram was not of diagnostic quality, and
the examination was therefore repeated on the 20th postoperative
day, demonstrating a 4 X 4 mm calculus in the common bile duct
just proximal to the upper limb of the T-tube. Seven washouts
were performed over the next 30 days, each accompanied by slight
initial discomfort but no colic, with low grade post-washout fever
following only the first. This fever subsided rapidly on unclamp-
ing the T-tube and administration of appropriate antibiotics. Fur¬
ther cholangiograms were performed after the second, fifth, and
seventh washouts and each showed no change in the position of
the calculus, which was removed at a second operation. The pa¬
tient remains well, with no further symptoms.

Review of Results

The results obtained in this group of ten patients are
summarised in Table 1. In three patients, the procedure
was unsuccesful, and in one, misinterpretation of the
cholangiogram led to retention of a calculus. In the re¬
maining six patients, the stones were cleared by the flush-
ing procedure. Two patients responded to a single wash¬
out, one was successful after three, one after four, one
after five, and in the remaining case multiple small cal¬
culi required 13 flushing procedures over a 53-day period.

Table 1. Number of Washouts and Result

Case No. of Washouts Result

1 3 Unsuccessful
(T-tube accidently removed)

2 3 Unsuccessful
3 13 Successful
4 3 Successful
5 4 Successful
6 1 Successful
7 1 Successful
8 3 Unsuccessful

(X-ray misinterpreted)
9 4 Successful
10 7 Unsuccessful

Table 2. Calculus Size, Number and Position, as Determined from
the Cholangiographic Films

Largest
Calculus

Case (m.m.) Number Position

1 10 X 14 2 C.B.D.
2 9 X 7.5 1 C.B.D.
3 5X5 multiple C.B.D. C.H.D.

L.H.D. R.H.D.
4 7 X 7 1 C.B.D.
5 8X8 multiple C.B.D. C.H.D.
6 10 X 5 1 C.B.D.
7 10 X 3 1 C.B.D.
8 8X6 1 L.H.D.
9 5X4 1 C.B.D.
10 4X4 1 C.B.D.

C.B.D. Common Bile Duct
L.H.D. Left Hepatic Duct
R.H.D. Right Hepatic Duct
C.H.D. Common Hepatic Duct

The number of calculi and their size were estimated
from the cholangiographic films (Table 2). In the unsuc¬
cessful group, the largest stone measured 14 X 10 mm,
and the smallest 4.0 X 4.0 mm. The largest stone success¬
fully washed out measured 10 X 5 mm, and the smallest
2x2 mm. In two of the successful group, calculi were
present in the common hepatic duct and its radicals
proximal to the T-tube, in addition to those in the com¬
mon bile duct. The largest of these proximal calculi meas¬
ured 3x3 mm and the smallest 2x2 mm. However, a

larger proximal stone, 4x4 mm in size, was not washed
out.

All patients experienced initial discomfort, which was
easily controlled by slowing the rate of flow. Eight also
complained of episodes of sharp pain in the upper abdo¬
men with back radiation lasting from a few seconds to
several minutes. In seven of these eight patients, stones
were successfully washed out, although in one patient
(Case 1), a further calculus remained at the enforced
termination of washout therapy.
Nine of the ten patients showed a growth of mixed

enteric organisms in the bile (Table 3), and eight of
these developed pyrexia following the washouts. One pa¬
tient developed a high fever, rigors and diffuse myalgia
at the time of each procedure, but in the remaining seven,
fevers were mild, and the patients were unaware of any
upset. The patient with sterile bile developed no fever.
There were no residual effects, and the six patients

with successful washouts have shown no evidence of re¬
sidual stones at intervals of 6 months to 3 years since the
procedure.

Discussion

The technique of bile duct flushing described in this
report was successful in clearing residual calculi from
the bile ducts in six of the ten cases treated. The morbid¬

ity associated with the procedure was of minor degree in
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all but one case. The initial discomfort experienced as
the perfusion was started was presumably due to disten¬
tion of the biliary tree, and the acute exacerbations of
pain were considered to be caused by temporary obstruc¬
tion of the ampulla by a calculus. Although such pain
may indicate passage of a stone, clearly further T-tube
cholangiography must be utilised in order to determine
the success or failure of the procedure.
The fever seen in eight patients was presumed to be

due to transient bacteremia from cholangio-venous reflux.
It is significant that pyrexia was not seen in the single
patient with sterile bile. We believe that such cholangio-
venous reflux represents a potential source of more seri¬
ous morbidity and perhaps even mortality, and for this
reason have always cultured the bile before each group
of washouts. Although appropriate prophylactic or thera¬
peutic antibiotics were not used routinely in this series,
there may be an argument for their administration, par¬
ticularly in the elderly or the ill.
Two of the four failures came early in our experience,

one following accidental removal of the T-tube, and the
other after what we would now consider an inadequate
trial of the method. The presence of the T-tube did not
prevent the washout of multiple proximal stones up to 3
mm in diameter in two patients, but a 4mm diameter
stone in a third patient was not cleared. We believe the
retention of the T-tube offers advantages in maintenance
of drainage when compared with the rather similar flush¬
ing technique described by Lamis, Letton and Wilson,®
where the T-tube is removed after a well-defined track
has been established, and a coude tipped rubber catheter
inserted. However, this techniquemay be of greater value
with large proximal stones. The fourth failure was due to
a misinterpretation of the T-tube cholangiogram, and
demonstrates the importance of careful review of the
radiographic appearances before final removal of the
T-tube.
In the same three-year period, a further three patients

in the Unit in whom there was definite clinical but

equivocal radiological evidence of biliary obstruction
following exploration of the common bile duct have been

Table 3. Relationship of Bile Injection and Post-washout Fever

Infected Bile Fever

yes yes
no no

yes yes (rigors)
yes no

yes yes
yes yes
yes yes
yes yes
yes yes
yes yes

9 8

treated by the same technique with clinical relief of ob¬
struction and satisfactory final cholangiography. It is not
clear whether the cause of obstruction in these three pa¬
tients was simple sphincter spasm, fragments of blood
clot or small residual calculi, but the washouts were fol¬
lowed by clinical and radiological relief of obstruction.
The results obtained in this small series suggest that

the technique of flushing is a safe and simple one, and
that it has a significant place in the management of defi¬
nite retained biliary calculi, or where some doubt exists
as to the presence of residual calculi. It is unlikely that
it will be successful in every instance, as this series shows,
but we feel that it should be used routinely before re¬
sorting to the more prolonged technique of chemical so¬
lution,14 or surgical re-exploration.
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This was the second report of ESWL in the treatment of retained

common bile duct stones.
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Extracorporeal shock-wave lithotripsy and the management of
common bile-duct calculi

Anthony G. Speer, David R. Webb, Neil A. Coll

ABSTRACT Endoscopic sphincterotomy is the treatment of first choice for
stones that remain in the bile duct after cholecystectomy. There is a small
group of patients in whom this technique is not successful; many of these
patients carry a high risk for surgery because of their age or associated
medical conditions. A variety of non-surgical techniques is available;
however, none is well established. We have used an in-vitro model to show
that human gallstones are fragmented readily by shock-wave lithotripsy. Two
elderly frail patients with difficult bile-duct stones have been treated success¬
fully by extracorporeal shock-wave lithotripsy. The bile ducts were cleared
of stones and the patients suffered no adverse effects. Extracorporeal shock-
wave lithotripsy is a new and promising alternative to the current non-surgical
techniques for the management of bile-duct stones.

(Med ) Aust 1988; 148: 590-595)

Endoscopic sphincterotomy is the treatment of choice forelderly frail patients who present with retained bile-duct
stones. A review of many series shows that the bile duct can

be cleared successfully in about 85% of cases.1 Although sphinc¬
terotomy usually is feasible technically, failure to extract a stone
may occur if the stone is large (greater than 2 cm in diameter) or
where relative narrowing of the bile duct below the stone is present.12
Most endoscopic failures can be managed surgically. However,

the complications of surgical exploration of the duct increase signifi¬
cantly with increasing age and in the presence of biliary
complications. The operative mortality of an 84-year-old man in this
situation is estimated to be 24%.J Various non-surgical techniques
to remove difficult stones have been developed for elderly frail
patients who are at high risk of complications with surgery.
Stones may be dissolved by monooctanoin4 or methyl-tert-butyl

ether5 by way of an indwelling carheter. Alternatively, stones may
be crushed physically by mechanical baskets" or fragmented with
directly-applied electrohydraulic probes7 and laser fibres.8 However,
problems arc associated with all these techniques and none is well
established or universally successful.
Extracorporeal shock-wave lithotripsy recently has been used to

fragment difficult bile-duct stones.9 Extracorporeal shock-wave
lithotripsy was first employed for the treatment of renal calculi in
The Royal Melbourne Hospital, Grattan Street, Parkville, VIC 3052.
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Munich in 1980.10 The safety and effectiveness of this technique was
evaluated for 10 years before its introduction for clinical use and
has since been confirmed in over 70 000 renal-stone treatments world¬
wide.11 Extracorporeal shock-wave lithotripsy for gallstones has been
shown to be safe and effective in an animal model12 and the results
of the initial use of this modality in a small group of patients are
encouraging.9
We report here our experience of extracorporeal shock-wave

lithotripsy in two elderly patients with calculi in the common bile
duct in whom endoscopic sphincterotomy and basket extraction had
failed. Before the treatment of these patients, we confirmed the
ability of extracorporeal shock-wave lithotripsy to fragment human
biliary calculi in an in-vitro model.

Methods
To confirm the ability of extracorporeal shock-wave lithotripsy to disinte¬
grate biliary calculi, human gallstones were suspended in the shock-wave focus
of the Dornier HM3 lithotripter bath (Dornier System GmbH, Friedrichs-
hafen, West Germany) and fragmented with various numbers of shock-waves.
Four cholesterol gallstones with a mean diameter of 1.5 cm (1-2.5 cm) were
collected at cholecystectomy. Each calculus was placed in the finger of a latex
examining-glove which was filled with human bile. The calculus was suspended
in the water-bath and imaged at the second focal point by placing a small

FIGURE 1: (A) Fragments of a 1-cm diametergallstone after 450 shock-waves in vitro.
All fragments are of less than 2 mm in diameter. (B) Fragments of a 2.5-cm diameter
gallstone after 700 shock-waves in vitro. One large fragment and much fine sand
remains.

Reprinted from pages 590-595.
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FIGURE 4: Patient position in lithotripter. Shock-waves are generated at ti
electrode (e) and focused with the reflector (r). Biplanar screening (s) is used ■

position the stone at the shock-wave focus.

Clinical management
Both patients had stones that could not be removed endoscopically. Bot
were considered to be poor risks for surgery and were referred for extraco:
poreal shock-wave lithotripsy. As the common bile duct lies close to the rigl
kidney, this region can be imaged on the standard Dornier HM3 lithotript(
(Figure 4). The shock-waves are generated below the patient and are reflecte
to a focal point where the bile-duct calculus is positioned. Accurate positionin
of the stone is achieved by means of biplanar image intensifiers. As thes
calculi were radiolucent, it was nect sary to inject contrast medium (Urografii
30) through the nasobiliary cannula or cholecystostomy tube to outline th
calculus as a filling defect.
The patients were treated under epidural anaesthesia with intravenously

administered antibiotic cover and a urethral catheter (which was used tc
prevent clot retention resulting from haematuria). They were placed on the
supportive cradle and lowered into the bath, and the calculus was located
and was positioned radiologically. As with renal calculi, the shock-waves
were triggered by the patient's own electrocardiogram to avoid causing cardiac
arrhythmias during treatment.13 Patient 1 received 2000 shock-waves over
65 min and Patient 2 received 1600 shock-waves over 45 min, both at 20
kV. The number of discharges that were applied was determined by stone
Iragmcutalioii, which was monitored radiologically during the procedure.
Dutli patients developed mild haelualuiia aftei 600 aliueh-vvuvCS, which 3ettled=
spontaneously within two hours ol treatment.

FIGURE 3: Choiangiogra
by way of a cholecystc
tomy balloon catheter (.
in Patient 2 showing calc.
lus (c) above a relativeI
undilated intrapancreat
portion of bile dut
(arrows).

metal radiopaque marker at the upper end of the container.
The calculi were examined after various numbers of shock-waves had been

given at 21 kV. All four calculi were fragmented easily by between 200-
1000 shock-waves (mean, 625 shock-waves). Larger calculi required more
shock-waves and, as treatment progressed, the fragments themselves were
reduced in size. A 1-cm diameter calculus was reduced to multiple, small,
evenly-sized fragments after only 450 shock-waves (Figure 1A). The largest
calculus fragmented into a smaller solid core of stone and fine sand after
700 shock-waves (Figure IB).

Clinical records
Case I
An 83-year-old woman who had undergone a cholecystectomy 32 years previ¬
ously presented with two years of intermittent biliary colic. Her condition
had worsened over the previous two months with an associated loss of weight
and symptoms that were suggestive of recurrent cholangitis. Serum
biochemistry revealed elevated serum alkaline phosphatase and y-glutamyl
transferase levels with a normal serum bilirubin level. Abdominal ultrasound
demonstrated a grossly-dilated common bile duct that contained a large
calculus. Endoscopic retrograde cholangiopancreatography outlined a 3.5-
cm cuboidal calculus at the lower end of the dilated bile duct (Figure 2).
In spite of a generous sphincterotomy, the calculus was too large to extract
and a nasobiliary cannula was inserted past the stone to drain the biliary tree.
Case 2
An 81-year-old woman with a past history of hypertension presented with
a one-week history of pain in the right upper quadrant of the abdomen and
one day of cholangitis. On examination she was febrile and jaundiced with
tenderness in the right upper quadrant of the abdomen. Abdominal ultra¬
sound showed stones in the gall-bladder and common bile duct and a localized
perforation of the gall-bladder. Laparotomy confirmed these findings.
Because of her poor medical condition a cholecystostomy was performed,
the stones were extracted from the gall-bladder and a cholecystostomy drain
tube was left in situ. The bile duct was not explored.
Her condition improved after the operation and nine days later endoscopic

retrograde cholangiopancreatography was performed. This showed a 2.5-
cm x 2-cm calculus in a dilated bile duct above a relatively non-dilated
segment of intrapancreatic bile duct (Figure 3). Several smaller stones were

present. A sphincterotomy was performed and the smaller stones were
removed. It was not possible to pull the large stone through the non-dilated
segment of bile duct.

FIGURE 2: Cholangiogram
obtained at endoscopic
retrograde cholangiopan-
creatngraphy in Patient 7
showing a 3.5-cm square
calculus (c) in the lower
end uf d dilated bile dun.
The pancreatic duct has
also been outlined.
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Results
Calculus location and positioning was straightforward in both
patients. No intraoperative difficulties, discomfort or complications
were experienced. The stone in the first patient was fragmented into
small sandy particles which could be seen passing out of the
nasobiliary cannula during treatment. A repeat cholangiogram three
days later demonstrated two larger fragments that measured 1.5 cm
each which remained in the common bile duct (Figure 5). The
endoscopic retrograde cholangiopancreatography was repeated, the
sphincterotomy was extended and the fragments were removed with
a Dormia basket. The bile duct was clear at the end of the procedure.
The calculus in Patient 2 was reduced to small fragments of less than
2 mm in diameter during extracorporeal shock-wave lithotripsy
(Figure 6). Repeat cholangiography at 48 h demonstrated complete
spontaneous clearance of stones and the cholecystostomy tube was
removed.

FIGURE 5: Nasobiliary
cholangiogram after
extracorporeal shock-wave
lithotripsy in Patient 1. One
large fragment (arrow),
several smaller fragments
and rubble remain in the
duct.

FIGURE 6: Cholangiogram
after extracorporeal shock-
wave lithotripsy in Patient
2 showing that the stone
has been reduced to

multiple small fragments
(arrow).

The stone fragments that were seen radiologically in the patients
resembled the fragments that were seen in the in-vitro experiments
(compare Figure 1A with Figure 6 and Figure IB with Figure 5).
Both patients were monitored after extracorporeal shock-wave
lithotripsy by chest x-ray films, computed tomography of the
abdomen and basal portion of the lungs, liver- and renal-function
tests and serum amylase levels. There was no evidence of organ
damage after shock-wave treatment. Both patients were discharged
from hospital with bile ducts that were completely clear of stones
and have been followed as outpatients for six and four months,
respectively. Both have normal results of liver-function tests and have
remained free of biliary symptoms.

Discussion
Our results confirm that extracorporeal shock-wave lithotripsy can
fragment common bile-duct stones successfully and safely. This is
in agreement with Sauerbruch et al. who treated successfully by
extracorporeal shock-wave lithotripsy four of five patients who
presented with calculi in the common bile duct.9 The stones were
reduced to very fine particles or fragments that passed spontane¬
ously, or smaller stone masses that were removed easily
endoscopically. In-vitro experiments confirmed that gallstones are
fragmented readily by shock-waves and that the number of shock
applications that is required is well below the number that has been
tested for tissue safety in the canine model.12
The calculus in the first patient was very large, was tightly-

impacted and could not be reduced completely to fine particles by
2000 shock-waves. This suggests that compression by the bile duct
did not provide a sufficient expansion chamber to allow fragmen¬
tation or an optimal fluid-stone interface. These are both necessary
for maximal efficiency in shock-wave fragmentation. A similar
phenomenon has been noted in urinary-tract calculi which are treated
in the upper ureter, where it has been observed that a larger number
of higher-energy shock-waves is needed to fragment a stone that is
fixed in the ureter than when the calculus is replaced in the renal
pelvis, where it lies freely without external compression and with
urine surrounding it.14
No adverse effects were detected in these patients after extracor¬

poreal shock-wave lithotripsy. Both developed transient haematuria,
but this resolved and is consistent with the extensive experience in
the extracorporeal shock-wave lithotripsy treatment of renal calculi.15
No renal damage was detected on follow-up computed tomography
or effect on renal function as assessed biochemically. The first patient
underwent endoscopic retrograde cholangiopancreatography after
extracorporeal shock-wave lithotripsy and no damage to the
duodenal mucosa was noted. Sauerbruch et al. have described one

patient in their series who underwent open surgery after extracor¬
poreal shock-wave lithotripsy as a result of the failure of the calculus
to fragment; they noted that no damage to the bile-duct wall or to
surrounding tissues had occurred.9
Neither patient developed pancreatitis due to the passage of stone

fragments. Endoscopic sphincterotomy removed the common
channel and the pancreatic and bile duct open separately onto the
duodenum.

Various other non-surgical techniques have been used for bile-
duct lithotripsy. Stones can be crushed by specially-reinforced
Dormia baskets, but large stones can be difficult to trap within the
basket, particularly if they are tightly-impacted, and fragmentation
has not always been shown to be successful. Classon has been
successful in only three of 12 patients with calculi of greater than
2.5 cm who were treated by this technique.16
Shock-waves can be generated within the bile duct itself by means

of an electrohydraulic probe. This is a coaxial flexible cable which
is slotted at the tip. A discharge is created across these wires in a
similar fashion to the extracorporeal lithotripter and a localized
shock-wave is produced. This technique has been used successfully
by way of an endoscope to frament bile-duct stones.17 However,
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animal studies have shown that electrohydraulic probes will cause
bile-duct perforation if they are discharged in direct contact with
the wall. The possibility of duct wall-damage is a significant problem.
Lasers also have been applied to fragment bile-duct calculi,8 but these
have produced duct injury also, even when the tip of the probe was
not in direct contact with the duct wall.7

Stone dissolution with methyl-tert-butyl ether or monooctanion
which is infused directly into the duct is an alternative method to
fragmentation. However, these solvents are not effective when used
for the treatment of pigment stones, and prolonged dissolution times
that have produced significant side-effects have been reported.18 They
may be used more efficiently in conjunction with extracorporeal
shock-wave lithotripsy after the calculus has been fragmented, thus
exposing a far greater surface area for dissolution.9
Extracorporeal shock-wave lithotripsy is a promising new non¬

invasive alternative to the current non-surgical options for elderly
and frail patients with difficult bile-duct stones. It has been restricted
so far to treat only those patients in whom conventional therapies
have failed. We have now treated seven further patients, all with
similar histories to the two cases that are reported here. All patients
have experienced complete clearance and no significant morbidity.
The definitive place of extracorporeal shock-wave lithotripsy in

the management of bile-duct calculi is yet to be evaluated. The
procedure is completely non-invasive, complements already estab¬
lished endoscopic techniques and seems certain to become a

significant addition to the modalities that are available already for
the non-surgical treatment of all patients with bile-duct calculi.
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RECURRENT SECONDARY HYPERPARATHYROIDISM DUE TO
IMPLANTED PARATHYROID TISSUE: A CASE REPORT

A. Penington,* b. Ihle,+ V. billson.t and G. J. A. Clunie*
Departments of*General Surgery, fNephrology and XAnatomical Pathology. Royal Melbourne Hospital,

Melbourne, Victoria

Hyperparathyroidism is a common complication of chronic renal failure. Although many patients can be
managed by conservative measures, surgery is sometimes necessary. One of two operations can be performed:
subtotal parathyroidectomy or total parathyroidectomy with reimplantation of parathyroid tissue into muscle.
A case is presented of a patient who underwent the first and then the second of these procedures for recurrent

hyperparathyroidism. A further recurrence was found to be caused by the implanted parathyroid tissue in a
forearm muscle, requiring a third procedure for control of the disorder.

Key words: autologous parathyroid glands, hyperparathyroidism, secondary renal osteodystrophy,
transplantation.

Introduction

Secondary hyperparathyroidism is a common, if
not universal, complication of chronic renal failure.
Parathyroid hormone (PTH) is secreted in increased
amounts, causing symptoms and signs of osteitis
fibrosa cystica. When coincident vitamin D defi¬
ciency or resistance is present a mixed bone disease
or renal osteodystrophy ensues.
Although the disorder can be controlled to some

extent by medical measures, surgery may be re-
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quired to alleviate symptoms and to minimize the
effects of progressive bone disease. One of two
operations may be performed: subtotal parathy¬
roidectomy or total parathyroidectomy with im¬
plantation of segments of one gland to muscle as an
autotransplant. In subtotal parathyroidectomy, all
but a small segment of one of the glands is
removed. This has the advantage of a low incidence
of postoperative hypoparathyroidism, but if recur¬
rence of hyperparathyroidism occurs, dissection of
the remaining tissue can be difficult and is not
always successful.1 In the alternative procedure of
total parathyroidectomy, segments of one gland can
be implanted into skeletal muscle, usually sterno¬
cleidomastoid or brachioradialis, with survival of
sufficient glandular tissue to restore parathyroid
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function. Recurrent disease following this pro¬
cedure may be due to residual parathyroid tissue in
the neck or mediastinum, unrecognized at the first
operation, or to hyperplasia of the autotransplanted
tissue. The cause of recurrent disease may be
differentiated by determination of parathyroid hor¬
mone in blood taken from the antecubital vein of
the grafted versus the contralateral arm when the
brachioradialis has been used as the site of implan¬
tation. However, such differentiation is not always
possible, even when the recurrent disease is graft-
dependent, and the use of isotope scanning as a
technique of localization is also subject to false
negative lindiugs.1 Howevei, wheie the muscle
implant is responsible for recurrent disease, ex¬
cision of the graft is a simple procedure, par¬
ticularly when compared with the problems of
re-exploration of the neck. The problems posed by
such patients have been illustrated in the case of a
patient treated in this centre.

Case report

A 47 yeai old man with chronic renal failure pre¬
sented some months after a failed renal transplant
with symptoms and signs of renal osteodystrophy.
A subtotal parathyroidectomy was performed in
July 1980, five glands being found. He was treated
by subtotal parathyroidectomy with a small seg¬
ment of the smallest gland being left in situ. In May
1981 he presented with recurrent symptoms and at
reoperation a nodule of parathyroid tissue 1 cm in
diameter was found at the site of the previously
partially resected gland. This hyperplastic remnant
was excised completely and part of the gland was
reimplanted as 15 fragments, each approximately
1 mm in diameter, to the left brachioradialis muscle.
In late 1988 the patient re-presented with symp¬

toms of osteodystrophy. The forearm scar was well
healed with no palpable nodules. In an attempt to
localize the source of PTH, blood samples were
taken from each arm, that from the left being found
to have a PTH level of 620pmol/L and that from
the right 39 pmol/L, measured by intact parathyroid
hormone radioimmunoassay (normal range 1-
65 pmol/L). Subtraction scintigraphy with thallium
and technetium was performed but showed no spe¬
cific uptake in the neck or the forearm.
In February 1989 a third operation was per¬

formed following methylene blue infusion, which
is used routinely in parathyroid surgery in this
centre to assist in the localization of parathyroid
tissue. On opening the forearm incision, blue tissue
was immediately obvious on the surface of the
muscle (Fig. 1). Excision of all visible parathyroid
tissue was undertaken, ten such fragments being
identified and removed, and ranging in size from
10 X 7 mm to 0.5 x 0.5 mm. Some of this tissue

was put aside to be frozen in liquid nitrogen for
later implantation if necessary.2 Microscopic
examination of the nodules revealed tissue similar
in structure to normal parathyroid gland, complete
with a capsule interspersed between bundles of
skeletal muscle.
In the 4 months since operation, the patient has

remained symptom-free and with normal bio¬
chemistry. Parathyroid hormone levels in the left
arm are 19 pmol/L, compared with 1.5 pmol/L in
the right arm, indicating residual and functioning
tissue at the site of the original implant.

Fig. 1. Blue staining of parathyroid nodules on the
surface of brachioradialis.

Discussion

With the increasing success of treatment of patients
with chronic renal failure by dialysis, the problem
of hyperparathyroidism has become more common.
Although many of the patients can be controlled by
medical measures, surgery is indicated in patients
with symptoms not controlled by such treatment or
where there is progressive evidence of bone dis¬
ease. Although the results of such surgery are
reasonably successful, recurrent or persistent hyper¬
parathyroidism occurs in up to 20% of patients
after subtotal parathyroidectomy and in 7-10% of
patients treated by total parathyroidectomy and
autotransplantation.1'3,4 Although many of the
recurrences after apparent total parathyroidectomy
are due to residual tissue in the neck or medias¬
tinum, some are due to hyperplasia of the transplan¬
ted tissue, as in this case.
This patient, demonstrating the first recurrence

of symptomatic secondary hyperparathyroidism in
our own series of 55 patients treated by total
parathyroidectomy and autotransplantation since
1983, illustrates the ease with which grafted tissue
can be localized and the disease controlled by a
simple excisional procedure.
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AORTO-GASTRIC FISTULA FOLLOWING NISSEN
FUNDOPLICATION

M. V. Agrez and N. W. Ferguson

Departments of Surgery and Pathology, Royal Newcastle Hospital, Newcastle, New South Wales

A case of aorto-gastric fistula following Nissen fundoplication is reported and possible reasons for this unusual
complication are discussed.

Key words: aorto-gastric fistula, fundoplication.

Introduction

The Nissen fundoplication is not without its poten¬
tially lethal hazards.1-5 Gastric ulceration has been
recognized increasingly as a complication of this
procedure and has been observed, months to years
later, in approximately 3-5% of patients.1"3 The
majority of ulcers are situated high on the lesser
curve in a juxtaplication position.3,4 The aetiology
of this complication remains unclear and a combi¬
nation of factors is thought to be responsible. These
include anatomical distortion of the stomach, 'gas-
bloat' causing antral distension with increased
gastrin release, delayed gastric emptying due to
vagal injury or constriction of the stomach at the
hiatus when the fundoplication is left in the chest,
and gastrin wall ischaemia from a tight fundal wrap
or ligation of short gastric vessels.1-5 To the best of
our knowledge the present case report is the first
describing an aorto-gastric fistula following Nissen
fundoplication and the possible cause of this
complication is discussed.

Case report
A 61 year old male was admitted to hospital, hav¬
ing collapsed at home and then suffered a grand
tnal seizure and loss of consciousness. In the past
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he had been troubled by long-standing reflux oeso¬
phagitis associated with a hiatal hernia for which he
had undergone a transthoracic Nissen fundoplica¬
tion one year prior to the present admission. The
fundoplication had been left in the abdomen with its
rim sutured to the diaphragm antero-laterally. Post¬
operatively, the oesophagitis resolved completely,
both symptomatically and as seen at endoscopy 3
months after surgery. Two months prior to his most
recent admission he had suffered a significant
haematemesis associated with postural dizziness
and had received a transfusion of 4 units of blood.

Endoscopy at that time revealed a normal oesopha¬
gus, prepyloric erosions and a small posterior wall
duodenal ulcer.
At the time of his most recent admission, clinical

examination revealed an unconscious man in hypo¬
volemic shock (pulse rate 100/min and blood
pressure 100/70 mmHg) with briskly reacting
pupils deviated conjugately to the right. His abdo¬
men was distended in the epigastrium and left
hypochondrium. Nasogastric intubation and suction
returned large amounts of fresh blood. The
haemoglobin level on admission was 9.5 g/dL.

He underwent immediate laparotomy and, on
opening the abdomen, two litres of free intra¬
peritoneal blood was evacuated, and the stomach
was found to be grossly distended from intra¬
gastric bleeding. A preliminary anterior gastrotomy
facilitated digital blockage of the aorto-gastric com¬
munication at the level of the coeliac axis while the
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previous fundoplication was mobilized to enable
aortic cross-clamping above the fistula site. The
aortic and gastric defects were closed and the
patient returned to the intensive care unit. A total of
20 units of blood was infused during the pre- and
intra-operative periods.
Postoperatively his neurological status deterio¬

rated with continued grand mal seizures and he
died 48 hours later from hypoxic brain damage due
to prolonged hypotension. At post mortem the brain
appeared macroscopically oedematous with no
focal lesions. Histological examination revealed
severe hypoxic-ischaemic encephalopathy charac¬
terized by neuronal necrosis involving the
cerebellum, hippocampal gyrus and focally within
the cerebral cortex. No pre-existing brain lesion
was noted except for mild arteriolar atheroma in the
basal ganglia. Inspection of the abdominal cavity
revealed no intraperitoneal blood. The oesophagus
was normal throughout its extent with no his¬
tological evidence of inflammation, ulceration or
gastric mucosa in its lower extent. Examination of
the stomach revealed mild chronic gastritis and the
previously performed fundoplication was intact.
The recently closed 3 mm fistulous communication
between the aorta and stomach was identified cen¬

tred on the coeliac axis and all 3 silk sutures used to
perform the initial wrap were situated 2.5 cm from
the fistula. Silk sutures remaining from the initial
fundoplication which had been used to anchor the
wrap to the diaphragm laterally were identified at
least 1.5 cm superior to the site of the fistula. The
only surgical intervention which corresponded to
the area of the fistula was ligation of the short
gastric vessels during mobilization of the gastric
fundus at the time of fundoplication.
Histology of the aorto-gastric fistula revealed a

cavity lined by recognizable remnants of gastric
mucosa which were directly apposed to the aortic
adventitia by fibrosis and chronic inflammation
(Fig. 1). Refractile suture material surrounded by a
granulomatous reaction was seen pinching up and
distorting the muscularis propria immediately sub¬
jacent to the mucosal remnants. This suggested that
a suture had created a pseudo-diverticulum which
had become inflamed and eroded into the aorta.

Discussion

The present report describes a patient who present¬
ed profoundly shocked from an aorto-gastric fistula
following Nissen fundoplication one year previ¬
ously. While the cause of the fistula into the aorta
remains speculative, its origin from the posterior
fundus of the stomach appeared to be suture-related.
However, the stomach had not been sutured to the
median arcuate ligament at the time of the trans¬
thoracic fundoplication, which excluded posterior
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Fig. I. Photograph (X4.7) of tissue section showing
apposition of the stomach wall to the aorta at the site of
aortic perforation.

gastropexy as a possible cause. Nevertheless, the
presence of suture material surrounded by a gran¬
ulomatous reaction immediately adjacent to the
mucosal remnants at the fistula site suggested that
ligation of a short gastric vessel during mobilization
of the stomach at the time of initial operation may
have been responsible.
When performing a fundoplication, division of

one or two short gastric vessels is sometimes neces¬
sary to facilitate a floppy wrap around the lower
oesophagus. Ligation of a short gastric vessel may
cause a patch of local ischaemia and ulceration in
the fundal wall. The latter is unlikely to have been
the mechanism in the present case since gastric
mucosa was found external to the muscularis
propria in close apposition to the aortic adventitia.
Alternatively, a clamp or ligature on the short
vascular pedicles too close to the stomach may
incorporate part of the gastric wall together with
mucosa, creating a pseudo-diverticulum. If division
of the short gastric vessels includes the apex of the
pseudo-diverticulum, then continued acid secretion
externally by the exposed mucosa would be likely
to incite a surrounding inflammatory response. In¬
deed, ligature of the bulky short gastric vessels had
been reported as being technically very difficult at
the time of fundoplication. Caution when tying the
short gastric vessels during fundoplication is
emphasized.
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A questionnaire was sent to all registered general
surgical specialists in Queensland in an attempt to
define the place of the subspeoialities in practice In
this State. Vascular surgery, and to a lesser extent
plastic surgery, play a significant part in the func¬
tion of general surgeons in the Brisbane area, while
gynaecological, urological, orthopaedic and plastic
surgery are of importance to country surgeons.
Appropriate experience In these subspecialities is
obviously necessary In the training for general sur¬
gical practice in Queensland.

Since the Introduction of the residency programme by
Halsted in the early years of this century, a basic concept
in surgical training in the United States has been the
need for a broad general surgical experience, with later
emphasis on the speciality of choice. However, the pro¬

gressive development of the surgical subspecialities has
presented problems in training, not only for the speciality
examining boards themselves, but also for the narrowing
field of general surgery. In establishing training pro¬
grammes in Australasia, where experience has been based
very largely on the rather more haphazard apprenticeship
system formerly operative in the United Kingdom, a
number of factors require careful consideration. One of
the most important of these must be the modification of
the pattern, of surgery by local conditions. We have there¬
fore attempted to define the practice of general surgery
in Queensland, where the need for broad subspeciality
experience for general surgeons might be considered to
be greatest in the light of the geography of the State.

METHODS AND RESULTS

The following questionnaire was sent to all medical practi¬
tioners registered as general surgical specialists in the State
of Queensland:

1. Appointment:
2. Type of major practice:
3. Proportion spent in surgical practice (%)
4. Proportion spent in speciality practice (%)

Gynaecology
Neurosurgery
Obstetrics
Ophthalmology
Orthopaedics
Otorhinolaryngology

Plastic surgery
Thoracic surgery
Urology
Vascular surgery
General surgery

In this questionnaire the surgeons were asked to define
the proportion of time spent in surgical practice, and, the
proportion spent in speciality practice. The subspecialities
listed were those recognized by the Medical Board of the
State. Of the 145 questionnaires dispatched, 106 were
completed and returned, giving a response rate of 73%.
Of these 106 replies, 47 were excluded from analysis, 24 of
the surgeons being engaged entirely in subspeciality practice,
16 largely in general practice, and 7 having retired. Of the
remaining 59 surgeons, 37 were based in the Brisbane area,
the majority being members of the staff of metropolitan
teaching hospitals, and 22 were in practice outside Brisbane,
the majority working in cities with populations between
10,000 and 75,000. The mean proportions of time spent in
each speciality by the two groups are summarized in Table 1.
If 2% is taken as a significant proportion, then only

vascular surgery, and perhaps plastic surgery, appear to
assume importance for metropolitan general surgeons, while
urology, orthopaedics, gynecology and plastic surgery play
a significant part in the function of surgeons in country
areas.

Table 1

Mean Proportions of Speciality Practice

Metropolitan Country

Gynaecology. .

Neurosurgery
Obstetrics ..

Ophthalmology
Orthopaedics
Otolaryngology
Plastic surgery
Thoracic surgery
Urology
Vascular surgery
General surgery

0-6% 7-0%
0% 0-3%
0% 0-5%
0% 0%
0-1% 7-3%
0% 0-5%
1-8% 2-4%
0-4% 0-4%
1-0% 11-7%
6-1% 1-3%
90-2% 68-6%

Address for reprints: Dr G. J. A. Clunie, Princess Alexandra
Hospital, Woolloongabba, Q. 4102,

DISCUSSION

The figures obtained from this survey are necessarily
small, and to some extent incomplete. The degree of
interest expressed, and the enthusiasm and accuracy with
which the questionnaires were completed, varied consider¬
ably, and it is interesting to note that in general terms
the greatest care was taken by surgeons working outside
the Brisbane area. These limitations being recognized, it
seems reasonable to assume that the figures as presented
give an accurate picture of general surgery in Queensland
at this point in time. The recommendations of the Royal
Australasian College of Surgeons in their Guide to Surgical
Training (1971) appear to represent a reasonable pattern
for training for general surgical practice in this State.
Following the two basic years as resident medical officer,
the intending general surgeon would undertake four years
of training as a registrar, three years of which would
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be spent in general surgery, including exposure to
vascular and plastic surgery. It would be obligatory for a

surgeon intending to practise in a country area to devote
a fourth year of his training to a subspeciality rotation
which would include orthopaedic surgery and urology,
rather than a further term in general surgery or research,
as may be desirable for surgeons intending to practise
in the metropolitan area. The significant proportion of
time spent by country surgeons in the subspeciality of
gynaecology, including operative obstetrics, should be care¬

fully noted, and it seems likely that such experience would
have to be gained at the conclusion of the general surgical
training period.
It is apparent that the implementation of such a scheme,

minimal though the requirements may appear to older
surgeons who have undergone a considerably longer and
more arduous period of training, would present a number
of practical difficulties. In Queensland at the present time,

rotating registrar appointments are normally held for a
maximum of three years. Less than half the posts in the
two main metropolitan teaching hospitals are specifically
allocated to general surgical, vascular or plastic terms, the
remainder being subdivided between casualty, orthopaedic,
urologlcal, psedlatric, cardiothoracic and relieving terms.
Even if some of the trainees occupying these posts are later
diverted to subspeciality practice, the present rotations do
not appear to offer an ideal training for general surgery.
This dominance of service requirements over training is not
peculiar to Queensland or to the speciality of surgery, but
is one which must be faced and overcome if viable and
comprehensive local training programmes are to be estab¬
lished without the traditional reliance on overseas

experience.
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This edition features a series of articles on the topic
of Surgical Oncology, some of which are based on
presentations to a course jointly sponsored by the
Faculty of Medicine of the University of Melbourne
and the Victorian State Committee of the Royal
Australasian College of Surgeons.

There is no clear consensus on the scope of
surgical oncology, even amongst those who
consider themselves to be surgical oncologists, as
pointed out in the thoughtful review by Dr Walter
Lawrence, Chairman of Surgical Oncology in the
Medical College of Virginia, and the 1981
Windermere Visiting Professor to Melbourne. In spite
of this, Dr Lawrence argues persuasively the need
for a sub-specialty of surgical oncology, which he
believes would lead to improvements in the quality of
cancer patient care.
The need for an integrated approach to current

and future cancer management is surely
unarguable; the role of the surgeon, originally
predominant, in this multidisciplinary effort is
somewhat less clear. The precise definition of
training programmes, however inadequate, by other
disciplines involved in cancer care makes it
imperative that surgeons review their own
commitment to such care, if they are not to be
relegated to the mundane'role of technician's. It must
be agreed that the integration of therapeutic
modalities in the best interest of the individual patient
can only be achieved by clinicians with a "broad and
yet a particular understanding of the advantages and
the limitations of each form of treatment. This is not
to say that all surgeons undertaking surgical
procedures for the treatment of tumours should be
surgical oncologists, and it is appropriate that the

1. Professor of Surgery.

sub-specialty should remain a part of general
surgery. However, as with other sub-specialties,
there must be some individuals who by reason of
training, expertise and practice can fulfil the role of
leader, as opposed to competitor, and who can
provide a breadth in consultation', a depth of special
operative skills and a perspective in research beyond
the capacity of the generalist.

If these arguments are accepted, and the
emergence of the sub-specialty of surgical oncology
is agreed, then it is necessary to consider whether
the practitioners of the specialty should be allowed
to emerge by serendipidity, as in the past, or whether
the time has come to provide guidelines for training,
in the' United States, following the lead provided by
Dr Lawrence and others, the Society for Surgical
Oncology has formally adopted the training
guidelines established at a joint Workshop of the
Society and the National Cancer Institute.1 The
Workshop was charged with the tasks of defining the
role of the surgical oncologist; of determining the
essential elements of surgical oncology training; of
defining the interaction of surgical oncology with
nonsurgical specialties during the training period;
and of suggesting a mechanism of review and
evaluation of surgical oncology programmes. In the
guidelines, the need for a broad knowledge of
tumour biology, and for skills and experience in all
therapeutic modalities, is defined, as are the abilities
to both conduct and guide research, to undertake
cancer education, and to provide institutional
leadership in oncology. A desirable period of training
is stated to be two years, in addition to the time
required to become eligible for certification by the
American Board of Surgery.

In Australasia, the medical oncologists and the
radiation oncologists have clearly defined, but in

Aust. N.Z. J. Surg. Vol. 52 323
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some ways deficient, programmes of training which
are currently under review. There is some hope that
a broader understanding and experience in training
may blur the differences between these allied but
somewhat competitive disciplines in practice. It may
be time for the surgeons in Australasia to review their

own training programmes, both in general and in
specialty surgery, to accommodate the evolving field
of surgical oncology.
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1. schweitzer RJ, EDWARDS MH, lawrence W, mozden PJ, scanlon EF,
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TRAINING IN ONCOLOGY

Gordon J. A. Clunie
Department of Surgery,
Royal Melbourne Hospital,
Melbourne

In reviewing training in oncology it is necessary to start by defining
the abilities of the ideal oncologist.

Such a person should have a sound basic knowledge and competence
in the general field of medicine. He should have an in depth knowledge of
the biology, epidemiology, aetiology and pathology of malignant disease,
so that he can be fully aware of the natural history of such disease. He
should have a particular knowledge, experience and skill in the diagnosis
of malignant disease both at the clinical and investigating level. He should
have a sound basic knowledge of the indications for and the adverse
effects of all treatment modalities. He should be able to demonstrate the
capacity to provide overall patient care and support. He should have the
ability to undertake appropriate evaluations of cancer therapy, and
ideally should also be equipped to undertake appropriate research in the
cancer area. Finally, he should be able to demonstrate the ability to pro¬
vide leadership in cancer management for his colleagues, and a capacity
to provide cancer education for medical, paramedical and lay personnel.

In reviewing current programmes designed to train clinicians in
oncology it must be accepted that there are three major disciplines
involved in the care of cancer patients, namely surgery, which in the
Australian context is provided by persons certified through the Royal
Australasian College of Surgeons, medical oncology for which the Royal
Australasian College of Physicians is responsible, and radiation oncology
as defined by the Royal Australasian College of Radiologists. It is recog¬
nised that other specialists such as gynaecologists and paediatricians
provide particular cancer care and have their own training programmes,
but in broad terms it is possible to confine a review of training to the three
major disciplines.

The current requirements of the Royal Australasian College of
Surgeons for a general surgical fellowship, which we can take as repre¬
sentative of the outline of surgical training, define a basic period of two
years study during which the Board of Examiners examines and certifies
competence under a clear syllabus in anatomy, physiology, pathology
and clinical capacity. This period of basic training is followed by
admission to an Advanced Trainee Programme for four years in which the
candidate's ability in clinical surgery, operative surgery, surgical
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anatomy and surgical pathology is examined and certified.
The Royal Australasian College of Physicians requires a three year

basic programme providing tuition and certification of capacity in the
principles of medicine, basic science as related to medicine, medical
practice and therapeutics and investigative disciplines. This is followed
after an examination by a period of advanced training which for medical
oncology requires a particular understanding of all forms of the biology of
neoplasia and a capacity to establish a diagnosis and overall management,
with particular emphasis on pharmacology and pharmacokinetics.

The Royal Australasian College of Radiologists requires one year of
basic training, at the end of which an examination is conducted, intended
to demonstrate a sound basic knowledge in medicine, with a clear under¬
standing of biology, pathology, anatomy and radiation physics. This is
followed by a four year clinical programme intended to provide tuition
and certification of capacity in the clinical area, ability to utilise
diagnostic aids, to undertake radiation therapy and to provide a general
knowledge of cytotoxic agents and surgery, together with the capacity to
undertake total management and to undertake research.

In summary, the Royal Australasian College of Surgeons provides a
training with no particular emphasis on oncology, which involves a basic
training of two years with a Primary Examination and an advanced clinical
training period, again followed by an examination, involving four further
years of training. The Royal Australasian College of Physicians requires a
basic training period of three years followed by an examination, with three
years of advanced training in medical oncology; two years of this pro¬
gramme are intended to provide core knowledge, and one year is an elec¬
tive followed by accreditation without examination. The Royal
Australasian College of Radiologists requires one year of basic training
with sound basic science emphasis, followed by four years of advanced
training with a clearly defined and rigorous examination process before
certification. It is my belief that these training and examination processes
produce surgeons with a general but not specific knowledge of malignant
disease, medical oncologists with a particular understanding of chemo¬
therapy and almost total ignorance of the role of radiotherapy and
surgery, and radiation oncologists with a sound knowledge of radiation
oncology, a moderate knowledge of chemotherapy and an almost total
ignorance of the role of surgery.

If there is to be more appropriate delivery of care to cancer patients
then the training for the delivery of such care must be achieved by a
restructuring of the training programmes.

For the surgical disciplines, including gynaecology, it is suggested
that the scientific training and the advanced clinical and technical
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training particular to each surgical specialty should be retained.
However, after that level of achievement has been reached and certified,
additional experience in recognised programmes with tuition in tumour
pathology, clinical research, the basic principles and the application of
both radiation and pharmacologic therapy, and the total care of cancer
patients is necessary for a full contribution from surgical oncology. Unless
particular surgeons can acguire and maintain the necessary knowledge
and particular skills reguired for cancer care, they are likely to be
relegated to positions of semi-skilled tradesmen operating under the
direction of clinical oncologists of alternative training. This is not to say
that individual surgeons of surgical specialties within the broad aspects of
surgery should not treat the majority of cancer patients, particularly in the
early phases of the disease, but rather that particular surgeons should
develop a leadership role in oncology to which their knowledge, skill and
clinical experience provide and appropriate background. Such surgeons
would possess and maintain an in depth knowledge of the whole field of
oncology, and would possess particular skills in the form of particular
surgical procedures or surgical palliative techniques. In order to maintain
their knowledge and expertise, such surgeons would have to possess the
ability to conduct clinical cancer research particularly in relation to
clinical trials involving one or more therapy modalities, and in an aca¬
demic setting should also possess the ability to conduct basic research
projects relating to cancer. The period of training for surgical oncology
would thus follow the specific training for the individual surgical disci¬
plines, should be two years in length, and should be undertaken in an

approved unit, and should be followed by certification of training in
surgical oncology by the Censor in Chief.

If it is accepted that surgical oncology is a defined discipline, let us
ask whether the cause of cancer patients would then best be served by a
new additional type of clinical oncologist who would be trained by an
amalgamation of medical and radiation oncology, with the training
requirements defined and certified by the Royal Australasian College of
Physicians and the Royal Australasian College of Radiologists acting in
concert. If such an association cannot be developed, then it is likely that
there will be an even greater schism that at present, and an increasingly
inappropriate application of treatment modalities. The radiation oncolo¬
gists should recognise the need for an initial training in internal medicine,
and should join with the College of Physicians to provide a programme
which parallels or is indeed subsumed by the current basic training of the
College of Physicians over a three year period, followed by a Primary
Examination.

The current basic training programme of the College of Physicians
does perhaps require clearer definition in scientific terms to satisfy the
Royal Australasian College of Radiologists, but it does provide an appro-
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priate broadly based training in internal medicine. The two Colleges
should then define a core programme in advanced training to be under¬
taken for two years which would have a precisely defined content and
specific tuition including biology, pathology, epidemiology of tumours,
together with instruction in the conduct of clinical trials to assess the value
of therapy. There should also be tuition and experience in investigative
techniques, particular tuition in anatomy, tuition and experience in
pharmacology and pharmacokinetics, and in the overall general manage¬
ment of cancer patients. An additional major feature of this core course
would be tuition in radiation physics and in the principles and conduct of
radiotherapy. I believe that this educational process should be completed
by examinations which would involve both written papers and clinical
examinations. Trainees should then specify their interest in either medical
or radiation oncology in the broad while undertaking a two year elective
period in accredited units which would be directed to one of the particular
treatment modalities with additional experience relevant to that modality.

In summary, we should recognise that surgical oncology is a defined
specialty, and that particular training in such a discipline should be
undertaken during an elective period after completion of a basic and
advanced training within the surgical discipline appropriate to the indivi¬
dual's interest. Medical oncologists and radiation oncologists should
recognise the joint need for a sound basic training in internal medicine
and the development of a core knowledge of the scientific basis for and
clinical application of oncology in general, with specialisation in either
medical oncology or radiation oncology following as an elective following
such a joint core period of training. I believe that for our patients benefit
we should look to the future, and not to the past, recognising that much of
our current pattern of training relates to the history of our respective disci¬
plines rather than to current and future practice. This is not to say that
history has no lessons. The Hippocratic principles of total observation,
study of the patient rather than disease, honest evaluation and of assisting
nature to help, or at least not to harm, are apposite to oncology in the
specific perhaps even more strongly than when they were first enunciated
in the general.
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THE VALUE OF RESEARCH IN TRAINING — A PERSONAL VIEW

Gordon J. A. Clunie1
Department ofSurgery, Royal Melbourne Hospital, Victoria

"Go to the laboratory at the University, and work at
something; it matters little what, so long as you
work".11 start with this 70 year old advice to young
surgeons from Hamilton Russell, one of the most
famous surgeons in the brief history of Australia,
not because I believe that it is necessarily appro¬
priate to the modern era, but more because I wish to
emphasize that there is nothing new in the concept
that research is an important facet of surgical train¬
ing. In Russell's day, surgical training was largely
by apprenticeship, and it was only his exposure to
the teachings of Lord Lister at King's College Hos¬
pital which gave him the insight both to undertake
research in his own practice and to lead the de¬
velopment of a scientific approach to surgery in
Australia.
We now have a much more formal and structured

programme for surgical training, and rightly so, but
what we have to consider is whether specific time is
required for additional training in research meth¬
odology and practice.
Let us be clear that clinical training, while scien¬

tifically based — after all, we still insist on a
Primary Examination in the basic sciences in sur¬
gery in all the Royal Colleges — does not provide
an understanding of the scientific concepts of re¬
search any more than does the undergraduate medi¬
cal education programme in our universities. One
of the difficulties faced in professional education is
the different pattern of thought established by train¬
ing in a particular discipline. Thus, a lawyer is
interested in opinion rather than truth, while a doc¬
tor believes, perhaps quite incorrectly, that his or
her decisions are based on scientific facts. Let us
also consider the difference in the approach of the
scientist and the clinician to a specific problem.
The logic of scientific discovery requires definition
of a problem, development of a tentative theory or
hypothesis as an explanation of the phenomenon, a
process of error elimination by empirical observa¬
tion which is generally aimed to prove the null
hypothesis, and a final conclusion as to the correct¬
ness or otherwise of the original hypothesis.2 In
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clinical practice, we behave quite differently. Ob¬
servations are made about a patient involving his¬
tory taking, physical examination and relevant
investigations; from those observations, and on the
basis of our own store of knowledge and experi¬
ence, perhaps supported by a review of the litera¬
ture, a diagnosis is made. The process of diagnosis
involves the assembly of selected material from a
jumbled matrix, to which we try to give some sense
of order, and the acceptance of a 'best fit' solution
as the basis for therapeutic action.
I do not wish to develop this philosophical dis¬

cussion further, nor do I pretend that the concepts
are original, but I hope that I have been able to
indicate that the scientific basis of clinical practice,
important though it is, in no way trains the clinician
for scientific thought in its true sense. If we believe
that surgical research must be based on scientific
concepts, specific training in research methods
must be organized for those who are to be involved
in such research.
The programme of surgical training is already a

lengthy one, although there are striking differences
in different countries, and to add to it unnecessarily
is inappropriate. We must, therefore, be certain that
any additions are essential. If research training is to
be added we must ask the questions; why, for
whom, and when? I hope that the 'why' has been
dealt with already. In answer to the question 'for
whom?' I say everyone, but let me qualify that
provocative statement. I believe that it is essential
for all surgeons in training to receive specific in¬
struction and practice in biostatistics, in the ap¬
plication of computers, in the design and conduct of
clinical trials, in the processes of review and audit,
and in the writing of scientific papers. These are
indeed modest requirements for the practice of sur¬
gery in the modern world, and yet I do not think
that the Royal Colleges have accepted that they
must ensure that all surgeons receive such tuition.
If all surgeons were trained in this way they would
be capable of undertaking clinical research, and
such research is necessary for the proper conduct of
any form of surgery.
If we accept that this training is sufficient for the

majority of surgeons, then it is also appropriate for
those who develop a particular interest in and feel
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for research to be offered a greater experience,
which will usually extend the total period of train¬
ing, I have no patience with those who regard lim¬
ited research experience in surgical training
programmes as a waste of time, since I believe that
a pool of surgeons trained in this way is necessary
for the proper function of a teaching hospital and
for the proper design and conduct of surgical re¬
search in the clinical context.3 This is not to say
that every teaching hospital consultant will be ac¬
tively involved in research, but unless practising
clinicians have an appropriate background they will
be unable to either stimulate or understand such
research.
For those who are to lead research in the future,

we must accept that a smaller number of trainees
should be selected and stimulated to undergo the
full rigour of scientific training leading to an ap¬
propriate doctorate. Allow me to repeat those often
quoted words from an address by Francis Moore to
the Society of University Surgeons, "There exists a
conflict of interest in academic surgery which is
entirely unresolved ... the conflict between the
operating room and the laboratory . . . between the
clinical pressures of care of the sick and the pursuit
of science. There have been few academic surgeons
who have not suffered to some extent from this
conflict. Although the university surgeon 'builds
the bridge' from laboratory science to the bedside,
those who live on each side declare he does not

belong on either side. He is not enough of a scien¬
tist to 'belong' on that side, but he is always ac¬
cused of not doing enough operations by the busy
clinicians. And yet, ... all the basic advances of
science in surgery since Vesalius, Hunter, Lister,
Halstead and Cushing, have been made by those
willing to adopt this uncomfortable posture."4 It
must be accepted that those who build the bridges
must be fully scientifically and clinically trained,
and that the number of such persons must increase
if surgical research is to flower rather than to
wither. If we are pragmatic we must accept that the
number of such persons can never be large, and the
training period for these individuals will inevitably
be longer than the minimum prescribed for clinical
practice alone. It behoves us to ensure that the fi¬
nancial penalties which seem to be involved in such

prolonged training are not too great for either the
trainees or their families. I do not subscribe to the
Calvinistic concept that what hurts must be good
for one.
Let us turn to 'when'. My answer is the earlier

the better, but preferably after some security in
clinical performance has been established. All of us
are aware of examples of surgeons who are leaders
in research, and yet do not have the respect of their
clinical colleagues because of deficiencies in their
training or their capacity in that area. The status of
academic surgery and of surgical research has suf¬
fered in such circumstances and it must be ensured
that such patterns are not perpetuated. The timing
of training will vary with both the individual and
the particular programme required, but let me urge
that research training should commence at a stage
before the establishment of the rigidity in thinking
and the chilling certainty of purpose which is so
characteristic ofmany surgeons.

I shall end by quoting again from Hamilton Rus¬
sell's advice to the Australasian Medical Congress
in 1914, 'The mere performance of an operation, or
any number of operations, can impart knowledge of
only a very circumscribed and imperfect character'.
I hasten to add that I do not intend to denigrate the
clinical surgeon or the pursuit of clinical excellence
any more than did Hamilton Russell. Of course the
performance of the appropriate operation by the
appropriate surgeon at the appropriate time forms
the basis of all surgical practice. However, let us
also recognize with Hamilton Russell that the pur¬
suit of excellence and the advance of surgery to the
benefit of our patients must also involve the ap¬
plication of the scientific method, and that this
requires a training no less rigorous than that estab¬
lished for the pursuit of clinical practice.

References

1. Hamilton Russell R. (1923) Papers and Addresses
in Surgery. Allan Grant, Melbourne.

2. Popper K. R. (1968) The Logic of Scientific Dis¬
covery. Hutchinson, London.

3. Petersdorf R. G. (1983) Is the establishment defen¬
sible? New Engl. J. Med. 39, 1053.

4. Moore F. (1958) The University in American Sur¬
gery. Surgery 44, 6.



135

SURGICAL ONCOLOGY: THE TIME FOR ACTION

Clunie GJA

The Australian and New Zealand Journal of Surgery

56:885-886, 1986



Aust. N.Z. J. Surg. 1986, 56, 885-886 885

PERSONAL VIEW

SURGICAL ONCOLOGY: THE TIME FOR ACTION

G. J. A. Clunie

Department ofSurgery, Royal Melbourne Hospital, Victoria

Introduction

The Society for Surgical Oncology in the United
States has formally adopted training guidelines for
surgical oncology which define the role of the sur¬
gical oncologist; determine the essential elements
of surgical oncology training, including a definition
of the interaction of surgical oncology with non¬
surgical specialties during the training period; and
suggest mechanisms for review and evaluation of
surgical oncology training programmes.1
These guidelines can be modified for the defini¬

tion of the role of the surgical oncologist in Aus¬
tralia and New Zealand, and the requirements for
training, certification and review.

The role of the surgical oncologist in Australia
and New Zealand

Until recently, the surgeon has been regarded as the
initiator and the leader in the management of solid
tumours, but increasing emphasis on the role of
chemotheraphy, radiotherapy and total cancer pa¬
tient management has eroded the role of the sur¬
geon. Unless surgeons can acquire and maintain the
necessary knowledge and particular skills required
for cancer care, they are likely to be relegated to the
position of semi-skilled tradesmen operating under
the direction of 'clinical oncologists' of indis¬
criminate training. This is not to say that individual
surgeons in surgical specialties and within the
broad aspects of general surgery should not treat the
majority of cancer patients, particularly in the early
phases of their disease, but rather that particular
surgeons should develop a leadership role in on¬
cology to which their knowledge, skills and clinical
experience provide an appropriate background.
Such surgeons must possess and maintain an in-
depth knowledge of tumour biology, carcinogen¬
esis, tumour epidemiology and tumour patients;
must possess particular skills in performing particu¬
lar surgical procedures or surgical palliative tech¬
niques; and must possess a broad knowledge of and
judgement concerning other cancer treatment mo¬
dalities. In order to maintain their knowledge and
expertise, such surgeons would have to possess the
ability to conduct clinical cancer research, particu¬

larly clinical trials involving one or more thera¬
peutic modalities, and in an academic setting
should also possess the ability to conduct basic re¬
search projects relating to cancer. They would also
have to be able to train both undergraduate and
postgraduate students in the particular surgical and
general multimodality aspects of cancer. They
would provide particular institutional leadership in
developing programmes for clinical cancer care and
in developing multidisciplinary collaborative can¬
cer research.
The number of such surgical oncology specialists

is not likely to be large, since the majority would
work within a major teaching hospital environment,
but they should be able to offer advice to those
practising within their own specialty and to those
dealing with cancer care generally. In the Austral¬
ian and New Zealand setting, it is not likely that
specific, all-embracing, surgical oncology services
will be developed. It seems more likely that par¬
ticular specialists within a surgical discipline will
wish to specialize in surgical oncology, and if this
desirable if somewhat belated development is to
proceed in other than ad hoc fashion, it is necessary
to provide specific programmes and requirements
for training.

Surgical oncology training
It is essential that training for surgical oncology
should follow the basic training offered for the spe¬
cific surgical discipline within which the trainee
wishes to practise. This period of training for sur¬
gical oncology should be 2 years in length, and
should follow certification of completion of disci¬
plinary training by the Censor in Chief.
A broad education in oncology should be offered

to the trainee, in addition to in-depth experience
within the particular surgical discipline, in order to
provide and develop the capability for leadership
and collaboration in multidisciplinary activities.
The training programme should complement the
basic training programmes by developing a focus of
excellence in oncological management that can be
observed, experienced and participated in by all
trainee surgeons and surgical staff.
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In terms of clinical care, it is essential that a high
level of competence in performing cancer opera¬
tions within the discipline be demonstrated by all
trainees. There should be adequate opportunity for
interaction with other surgical-companion special¬
ties in the overall management of cancer patients. It
is likely that such opportunity will be provided by
participation in structured multidisciplinary con¬
ferences and attendance at special tumour clinics
rather than by formal rotation to such services, but
specific time for experience in some of the related
disciplines such as medical oncology, radiation on¬
cology and research may be necessary.
The programme should certainly contain a core

curriculum of radiation oncology, which should
include some understanding of treatment planning,
radiation physics, and nuclear medicine. This will
require specific teaching for the trainee, but also
participation in joint clinics which should lead to an
understanding of the benefits and complications of
radiation therapy, and an awareness of the co¬
operation necessary between the surgeon and
radiotherapist in total patient management. It is
probable that such a development and understand¬
ing would require specific assignment to a radiation
therapy department for a designated period of train¬
ing. In relation to medical oncology and clinical
pharmacology, it is not suggested that the surgical
oncologist need be trained to the level of expertise
of a qualified medical oncologist to manage multi-
modality chemotherapy, but rather that the trainee
should learn the various clinical settings in which
chemotherapy might be of value, and should know
which drugs are most likely to be effective, as well
as their side-effects. Such an understanding would
require exposure to both inpatient and outpatient
care of patients with solid tumours as well as leu¬
kaemias and lymphomas, and there should be spe¬
cial emphasis on diagnostic evaluation, tumour
staging and the indications for chemotherapy,
including endocrine therapy.
The programme should ensure that there is ad¬

equate and continuous exposure to anatomical pa¬
thology as it relates to cancer, so that the trainee is
acquainted with diagnostic techniques and histo-
pathological diagnoses.

Research training should be an essential compo¬
nent of the programme, and may be achieved by
participation in current clinical studies, in design
and implementation of new clinical programmes.

and/or by initiation of and participation in some ba¬
sic investigative project. It is essential that trainees
should have sufficient familiarity with statistical
methods to evaluate properly the results of their
own studies and practice.

No other formal training is suggested, although it
is assumed that the trainee will have continuous ex¬

posure to new, improved diagnostic radiology and
imaging techniques, and that the trainee will also
become familiar with allied health disciplines. Par¬
ticular attention should be given to the psycho¬
social aspects of cancer in the management of
patients suffering from terminal disease.

Certification and review

It is not suggested that there should be a formal
examination process to certify adequate training in
surgical oncology, but rather that the effectiveness
of the training programme could be evaluated more
appropriately by definition of accredited centres
and programmes for training. A review of the
elements and function of the programmes would be
accomplished by an appropriate review committee
recommending both initial acceptance of an insti¬
tution for the training programme and the main¬
tenance of adequate standards. Implicit in this
suggestion is a precise definition of the exact re¬
quirements for training, and the minimum periods
which are required to cover the various aspects of
surgical expertise, radiation and medical oncology
and research.

In determining those centres which can offer ap¬
propriate training, it would be essential to define a
sufficient variety and volume of clinical material,
with access to all diagnostic treatment modalities
and disciplines as well as facilities for clinical and
basic research.
On satisfactory completion of an appropriate pro¬

gramme, certification should be provided, indi¬
cating that training has been completed in a
programme approved for surgical oncology by the v
Censor in Chief.
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Summary

Surgical oncology is now a defined discipline, and the training requirements require precise definition. The training period re¬
quires exposure to and understanding of tumour biology, tumour pathology and the role of surgery, together with that of the
related disciplines of medical and radiation oncology.

Training can be provided at three levels. The first occurs during the period of training for surgery in general for those with an in¬
terest in but not essential role in the delivery of tumour surgery. The second should be provided during subspecialty or regional spe¬
cialty training where the treatment of tumours forms a major portion of the activities of that discipline. Finally, there should be a

period of formal experience and training in an accredited unit for those who intend to specialise definitively in the treatment of
malignant disease.

Keywords: Delivery, Malignant disease, Surgical oncology, Training period

The discipline of oncology requires the cooperation
of specialists with a wide range of backgrounds and
skills if optimal results are to be obtained from therapy.
The surgeon has been the central figure in decisions
regarding the management of patients with solid tumours
for generations, working either alone or more recently
with radiotherapists in the belief that local therapy
before systemic spread offers the best chance of cure. A
greater understanding of the biology and pathology of
cancer and the development of effective systemic thera¬
pies for some forms of cancer have challenged this cen¬
tral role, particularly since many scientists and clinicians
have proposed that cancer is always a systemic disease
and that local therapies cannot affect survival, sug¬

gesting that early diagnosis and treatment does not alter
the natural history of the disease. The truth lies some¬
where between these two extremes of opinion. Surgery
does have a major role both in the initial treatment and
in the palliation of most of the common forms of solid
tumour. However, it is important for surgeons to accept
and be aware of the recent advances in the understand¬
ing of cancer biology, of the benefits of a multidis-
ciplinary approach and of current concepts relating to
the surgeon's role in the performance of diagnostic,
therapeutic, palliative or adjunctive surgery.1 The arro¬
gant individualist has no place in the modern manage¬
ment of patients with malignant disease.

If this background is accepted, it is necessary to deter¬
mine the training required for surgeons who are to take
a significant role in the management of malignant disease.

In the past, the surgeon treating cancer learned his or
her craft through a system of apprenticeship, with the
major requirement being a demonstrable skill and exper¬
tise in the conduct of excisional surgery in an attempt to
minimise local recurrence of disease, while achieving
acceptable levels of morbidity and mortality. Such tech¬
nical expertise is still essential, but must be coupled with
a properly based clinical judgement and a knowledge of
the role of other modalities to form a proper basis for
the practice of surgical oncology. The particular level of
skill in each of these domains will necessarily vary with
the community in which the surgery is practised. This
can perhaps best be illustrated by a consideration of the
role of the general surgeon in the management of
tumours, although the principles can be applied to vir¬
tually all forms of surgery. The true general surgeon
practising within a relatively small community cannot
be expected to have a full understanding of all sub-
disciplines, but must be prepared to follow the lead of
more specialised colleagues if he or she is to provide an

appropriate service in malignant disease, as in other
fields. In larger communities, the general surgeon has
the chance to develop subspecialty interests, and in
many instances will provide the technical skill and the
understanding which are appropriate for the initial
management of many forms of solid tumour. It is im¬
portant for surgeons to understand and accept the limit¬
ations of their clinical and technical skills, and to accept
the need for referral in appropriate circumstances. In a

thoughtful presentation of a surgeon's view of onco-

* Chairman, Department ofSurgery, Royal Melbourne Hospital.
Address for Reprints : Professor Gordon J A Clunie, Department of Surgery, Royal Melbourne Hospital, Melbourne 3050, Australia.

Annals Academy of Medicine



Training for Surgical Oncology — GJ A Clunie 119

logy, L. E. Hughes has drawn attention to the much im¬
proved results which can be obtained by surgeons who
have a particular regional subspecialty interest and
therefore a particular skill in the application of some
forms of excisional surgery. This is perhaps best illus¬
trated in the subspecialties of upper gastrointestinal
surgery, hepato-pancreatico-biliary surgery and colorec¬
tal surgery, particularly since alternative forms of
therapy are unsatisfactory and surgical skill is para¬
mount. Where there are alternative forms of therapy or
adjunctive forms of therapy such as in breast cancer and
in head and neck cancer, the surgical expertise may be
generally available but the clinical judgement required
in terms of the choice of therapy and in the delivery of
that therapy suggest that either the regional subspecialty
surgeon with a particular interest in oncology or the
specialist surgical oncologist is the most appropriate
person to be involved. Finally, there are some rarer
forms of cancer, exemplified by soft tissue sarcomas or

locally advanced melanomas, where the technical exper¬
tise involved in both initial and subsequent therapy is
such that the patients must be centrally referred to allow
treatment by a multidisciplinary group in which the spe¬
cialist surgical oncologist plays a significant role.

Thus training for surgical oncology must allow for ex¬
perience in and understanding of tumour biology, tumour
pathology, the clinical manifestations of malignant
disease and its diagnosis, and the total requirements for
therapy, including exposure to medical and radiation
oncology. The degree to which instruction and experience
are provided will vary with the nature of proposed sub¬
sequent practice, and in the control of surgical training,
any major deviation towards surgical oncology should
not be undertaken too early. The basic scientific and
clinical understanding and experience in surgery in
general should be gained before diversion into a subspe¬
cialty or specialty. If subsequent practice is to remain
general, it is important that some exposure to surgical
oncological principles should be obtained within the
early period of training. At the other extreme, the
trainee who determines to become a complete surgical
oncologist after initial training, whether in general,
subspecialty or specialty surgery, must be exposed to a
formal and accredited period of oncological experience.
The requirements for such training must be clearly
defined, and although a degree of apprenticeship is still
appropriate, formal exposure to and experience with the
related disciplines of pathology, diagnostic processing
and radiation and medical oncology is essential. Such
programmes have been clearly defined and are already
in practice or likely to be implemented in the near
future.2'3 The number of specialist surgical oncologists
in a given community is unlikely to be large, but such

surgeons should have a major role not only in providing
specific aspects of care for patients within their regional
or subspecialty interest, but also in providing leadership
in research and in clinical practice, and most particularly
in disseminating knowledge of malignant disease to under¬
graduate and graduate students, to regional specialists,
to general surgeons and to clinicians at large.4

As this concept of surgical oncology spreads, the
demands placed on the relatively small number of surgical
oncologists are likely to be great, and it must be em¬

phasised that such individuals cannot be expected to
provide the technical skills necessary for the perfor¬
mance of surgery for the control of cancer over a wide
field, whatever their breadth of understanding and knowl¬
edge in the tumour area in general. Because of the need
for particular surgical skills as already discussed, it is
sensible to recognise that regional specialty surgeons are

frequently the most appropriate people to undertake
cancer treatment, and training programmes for the
regional specialties should recognise this when malig¬
nant disease plays a significant part in the practice of the
specialty. A proper understanding of the many facets of
malignant disease as it relates to the subspecialties is
essential to but rarely demanded by current training
programmes.

If those responsible for the design and conduct of
surgical training programmes recognise the validity of
the argument for the development of surgical oncology,
patients with malignant disease will receive the therapy
they deserve. Surgical oncology has been slow to develop
and to gain acceptance, in sharp contrast with the well
developed specialties of medical and radiation oncology.
The reasons for this are complex, but in large part relate
to the reluctance of many surgeons to recognise that
they as individuals are not necessarily the persons best
equipped to carry out decision making and effective
therapeutic measures. Surgeons must accept that the
practice of surgery is changing and that except in the
most isolated circumstances a single individual is unable
to deliver optimal care. The future of surgery lies in
subspecialty or specialty development, and we must en¬
sure that surgeons now in training are properly equip¬
ped for future practice. This applies to surgical onco¬
logy as much as to any other branch of surgery.

REFERENCES

1. Hughes L E: A surgeons view of oncology. Aust NZ J Surg 1985; 55:95-103.
2. Schweitzer R J, Edwards M H, Lawrence W et al: Training guidelines for

surgical oncology. Cancer 1981; 48:2336-42.
3. Clunie G J A: Surgical oncology — The time for action. Aust NZ J Surg

1986; 56:885-6.
4. McKenna R J: The privilege and the responsibility of a surgical oncologist.

Cancer 1985; 55:1159-62.

January 1988, Vol. 17 No. 1



APPENDIX 1

Articles and book chapters published but not included in this thesis

TRANSPLANTA TION IMMUNOLOGY

Dumbie LJ, Macdonald IM, Kincaid-Smith P & C/unie GJA. Steroid

resistant antibody dependent cellular cytotoxicity (ADCC) and renal

allograft rejection. Advances in Basic and Clinical Nephrology

8:519-523, 1981.

Dumbie LJ, Macdonald IM, Kincaid-Smith P, Tait BD & Ciunie GJA.

Prediction of renal allograft outcome from recipient antibody

dependent cellular cytotoxicity (ADCC) to in vitro steroid. Excerpta

Medica, Transplantation and Clinical Immunology 13:253-257,

1981.

Ciunie GJA. Immunosuppression for transplantation, in Organ

Transolan ta tion, Ed. S Chatterjee, John Wright, Bristol, pp

170,219, 1982.

PREGNANCY IMMUNOLOGY

Clarke FM, Morton H, Rolfe BE & Ciunie GJA. Partial characterization of

early pregnancy factor in the sheep. Journal of Reproductive

Immunology 2:151-162, 1980.

TUMOUR IMMUNOLOGY

Ciunie GJA. Chemotherapy and immunotherapy of malignant skin

tumours, in Malignant Skin Tumours. Eds. A Emmett & M

O'Rourke, Churchill Livingstone, Edinburgh, pp 176-183, 1982.

Ciunie GJA. Chemo-immunotherapy, in Malignant Skin Tumours. 2nd

edition, Eds. A Emmett & M O'Rourke, Churchill Livingstone,

Edinburgh, pp 227-235, 1991.

TISSUE PRESERVA TION

Ciunie GJA. Preservation of organs, in RACS Manual for Trainees in

Basic Surgery. 2nd edition, 1976.



CLINICAL ASPECTS OF TRANSPLANTATION AND DIALYSIS

Anderson DA, Martin AM, Clunie GJA, Stewart WK & Robson JS.

Experience in the use of Streptokinase locally for dedotting central
venous cannu/ae, in Dialysis and Renal Transplantation Proceedings

EDTA 4:55-60, 1967.

Clunie GJA. Selection and preparation of kidney donors, in Organ

Transplantation. Ed. S Chatterjee, John Wright, Bristol, pp 151-

159, 1982.

Clunie GJA. The surgical complications of renal transplantation, in Organ
Transplantation. Ed. S Chatterjee, John Wright, Bristol, ppp 160-

169, 1982.

GENERAL SURGERY

Clunie GJA & Marshall VR. The urinary system, in Clinical Science for

Surgeons. Ed. W Burnett, Butterworths, Sydney, pp 395-408,

1981.

Clunie GJA. Management of surgical problems in the elderly, in A Manual

of Geriatric Care. Eds. RW Warne & CM Prins/ey, Williams &

Wilkins, Baltimore, pp 439-451, 1988.



APPENDIX 2

Articles in Press

TRANSPLANTA TION IMMUNOLOGY

Dumbie LJ, Pollak R, Bowes LG, Ruwart MJ & Ciunie GJA. An in vitro

comparison of the immunosuppressive potential of synthetic

prostaglandin E1 analogues. Transplantation Proceedings.
Dumbie LJ, Pollak R, Bowes LG, Ruwart MJ & Ciunie GJA. A comparison

of the in vitro suppression of lymphoid responses to alioantigen by

synthetic PGE1, PGE2, PGP and PGI2 analogues. Transplantation

Proceedings.

Mitchell SV, Dumbie LJ, Plenter R, Millar RJ & Ciunie GJA. Enhancement

of rabbit skin allografts by hepatic antigen immunization.

Transplantation Proceedings.

Mottram PL, Pietersz GA, Smyth MJ, Purcell LJ, Krauer K, Ciunie GJA &

McKenzie IPC. An anthracyc/ine-anti-CD8 immunoconjugate,

idaribicin-anti-Ly2.1, prolongs heart allograft survival in mice.

Transplantation.

TUMOUR IMMUNOLOGY

Francis DMA & Ciunie GJA. Influence of the timing of blood transfusion

on experimental tumour growth. Journal of Surgical Research.

CLINICAL ASPECTS OF TRANSPLANTATION AND DIALYSIS

Francis DMA, Walker RG, Becker G, Millar RJ, Ciunie GJA & Kincaid-

Smith P. Living related kidney transplantation: A 19 year

experience. The Medical Journal of Australia.



APPENDIX 3

Acknowledgement to Publishers

/ wish to acknowledge with gratitude the permission provided by
the publishers of the following articles and chapters to allow me to

include a photocopy or photocopies where no reprints or insufficient

copies of reprints were available.

Australian and New Zealand Journal of Surgery - B/ackwe/l Scientific

Publications, Melbourne

118, 125

British Journal of Cancer - The McMillan Press Ltd

77

British Journal of Surgery - Butterworths-Heinemann Ltd

127, 92, 120, 126, 127

Cancer - J.B. Lippincott Company

75

Cancer Research - Waver/ey Press Inc

78

Cardiovascular Research - British Medical Association

41

Clinical and Experimental Immunology - B/ackwe/l Scientific Publications,

Oxford

7

Journal ofApplied Cardiology - Pergamon Journals Ltd

31

Medical Journal of Australia

73, 87, 109, 131

Proceedings of the European Dialysis and Transplant Association - Balliore

Tindal

13

Surgery - C. V. Mosby

82, 112



Surgical Forum - American College of Surgeons
86

The Lancet

106

Transplantation - Williams & Wilkins

1, 39

Transplantation Proceedings - App/eton & Lange

14, 25, 26, 28, 29, 54, 56, 60, 114, 115, 117


