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INTRODUCTION

In 1957, reports in the literature suggested that the results

of the treatment of patients, suffering from carcinoma of the

colon, had improved. However, these results seemed at

variance with personal impressions. It was appreciated that

impressions were often erroneous and it was decided to try and

establish the results of the treatment of this disease in the

Western General Hospital. In addition, the intention was to

detect any outstanding problem and thereafter, to attempt to

find a solution,

A retrospective review yaa carried out to cover all patients

treated for carcinoma of the colon in the Western General Hospital

in the period from 1949 to 1956. Unfortunately, the records

were incomplete prior to 1946 and international classification

of diseases was not routinely followed.

One hundred and thirty records were found of patients with

carcinoma of the colon and, of these, 123 were traced. The

patients were recalled for assessment unless distance of ill-health

made this impossible. In such instances, resort was made to

contact with the General Practitioner who was invited to complete

a questionnaire. All the information, acquired in these ways,

was recorded on punch cards.

It was realised that this review was incomplete but it was

believed that any major problem would become apparent despite this

disadvantage.
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THE CLINICAL MATERIAL OF THfc KEVJLkU PKhlOL.

AGL AND SEX LISTKIBUTIC®.

Histogram I siiows the age and sex distribution and, in general,

this conforms to the pattern accepted in current textbooks but two

differences are apparent.

It will be noted that the largest number of patients is in toe

seventh decade but, almost as many, are in the eighth decade.

Most textbooks indicate that carcinoma of the colon is most common

in toe sixth and seventh decades. (Aird, I9t>7; Souttar, 1956).

This series includes more females than males in contrast to

the described male predoaii ce, although r;ore recent reports,

(Hughes, 1963), reverse this sex dominance.

The two deviations, from the average, may reflect toe error

which is inherent in a small series of patients. However, the

older age of the patients in this series may have an efxect on

toe morbidity rate.



THE CLINICAL MATEi-lAL OF THE REVIEW PERIOD.

HISTOGRAM I

AGE AND HEX DISTRIBUTION •
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THE AMTUMICAL SITE 01 THE TUEOUB

The anatomical distribution of the tumours* in this series,

is seen in Diagram I end is similar to those recorded in standard

textbooks, (Aird, 1957; Souttar, 1956), and to those in

publications of large series of patients in the surgical literature.

(Mcswain et al., 1962; Garlock et ai., 1562).

However, the incidence of obstruction, Table I, of 35/130

patients, (26.9$), is considerably higher than the figure quoted

from many large centres which have a particular interest in this

problem. (Table 2). This may suggest that patiente, arriving

at such specialised centres are selected to a certain extent.

It is appreciated that a high incidence of obstruction would

result in en increase in morbidity and aortslity.

It is of interest to note that tumours situated et the flexures

of Hie transverse colon are particularly liable to present with

obstruction.



THM ANATOMICAL SITE Ob" THE TUMOUR

DIAGRAM 1

4
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SITE OF THE TUMOUR

TABLE I

Distribution Non-obstructed Obstructed TOTAL

Caecum 10 4 14

Ascending colon 14 4 18

Hepatic flexure 3 2 5

Transverse colon 6 2 8

Splenic flexure I 3 4

Descending colon 10 5 15

Pelvic colon 49 15 64

? primary site 2 0 2

TOTAL 95 35 130

INCIDENCE OF OBSTRUCTION

TABLE 2

B,?fe?renq? Year £ Obstruction

Brindley 1944 10

Becker 1953 25

Michel et al. 1954 20

Muir 1956 16.5

Goligher et al. 1957 17.6

present thesis -1956 26.9



fKEOMiATIVE HiEPAKATlON to THE KEVIfctf PLhlOU
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The patient.

It wes custom to give a blood transfusion in those patients

who were admitted with anaemia and similarly, to replace fluid

and electrolytes where this presented as a problem. No attempt

was made to build up toe general nutrition of the patient for

more then a few days.

Shin preparation of toe abdomen was restricted to shaving,

washing and painting with a variety of antiseptic solutions.

The colon.

a). Mechanical preparetion was a routine. A low residue diet

was prescribed for five days except in those patients who

presented as emergencies. Liquid paraffin was given for

toe same period to soften end lubricate the faecal content of

toe bowel.

In addition, daily enemats and colon lavage was administered

for five days.

b) . Chemotherapy consisted of five days of non~absorbable

sulphonamides, in the form of sulphasuccidine in aaily doses

of 8 G by mouth and oontinued for five days. This was

supplemented by 2 G oral streptomycin for toe two days prior to

operation.

It was presumed that these procedures were aimed at reducing

the faecal content of toe bowel and the associated bacterial flora
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After resection of the colon, the majority of the patients

were given penicillin and streptomycin, by intramuscular

injection, for five days as en additional prophylactic measure.

In the later part of the series, tetracycline was used in the

postoperative period both as a prophylactic treatment and as

therapy for established infection.

OPERATION FOLIC! IN THE REVIEW PERIOD

The csajority of operations were done through a paramedian

incision and drains were used if resection was carried out.

It was noted that no mention was made of any precautions against

tumour spread nor were the operations carried out in a sequence that

would miniEi.se the risk of tucour cell dissemination.

Right colon. (35 operations ).

Primary resection and anastomosis, by means of a right
%

hemicolectomy, was the operation of choice, irrespective of

whether the tumour was obstructing the lumen, had distant

metastases or was considered a curative resection. In other

words, the tumour was removed wherever possible.

Ileo-transverse colostomy was used as a palliative by-pass

procedure when the tumour was fixed. In no instance in this

series was this operation usea as a preliminary step in resection

and anastomosis.

The operations on the right colon are sumsarisen in Table 3.



OPERATIONS FOR CARCINOMA OF THE hlGHT QQLQN.

TABLE 3

Right hemicolectomy 23 patients

Ileo-transverse colostomy ti

Laparotomy 4

TOTAL 35 patients
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The extent of resection.

UIaGKAM 2.

iifeSBUTION - CARCINOMA. OF THF hlCiHT COLOR.

RESECTION OF CARCINOMA OF
RIGHT COLON
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file extent of the resection, Diagram 2, consisted of the

last six inches of the ileus;, the caecum, the ascending colon

end the transverse colon to the right of the midule colic vessels.

Thus, the lymph channels with the ileo-colic, the right colic,

the right branch of the middle colic end the marginal vessels

were removed.

The subsequent anastomosis was usually between the side of the

ileum end trie side of the colon, but was between the end of the

ilefe end the side of the colon in a few instances.

TRAhEVEREE COLON. (8 operations.)

The number of patients with tuiaours in tire transverse colon

was small. The extent of resection was limited to the removal

of the portion of the colon bearing the tumour, as indicated in

Diagram 3. Tumours at, or close to, the hepatic flexure were

treated by right hemicolectomy. It will be seen that only the

middle colic and the marginal vessels were removed with their

lymphatic channels. (TABLE 4)

TABLE 4

OPERATIONS - ThAftSVEhSE COLON.

Right hemicolectoaiy I patient

Paul Mikulicz resection 3

Resection and anastomosis 2

Resection and anastomosis & caecostomy I

Laparotomy I
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Carcinoma of the transverse colon - the extent of reeection.

DIAGRAM 5

RESECTION OF CARCINOMA OF
TRANSVERSE COLON



LKiT CQLQK. ( 79 operations) ,

The policy, in regard to tumours of the left colon, fluctuetec

during the period of the review. in the early years, a staged

resection was the routine practice but, after the introduction of

antibiotics, primary resection arid anastomosis became more popular.

Finally, in the last lew years, there was e swing back in the

sense that a more selective policy was acopteu. a primary

resection and anastofsosis was chosen if the patient was fit ana

the bowel well prepared.

The extent of trie bowel resected alterea in trie letter part of

this period when left hemicolectomy was useu time frequently, in

those patients where e curative resection was possible. (Diagram 4).

Transverse colostomy was usea, as a preliminary method of

decompression, where obstruction or faecal loading was present.

This was a loop rather than a double barrelled delunctioriing

colostomy. caecostony was, occasionally, used eitner in

obstruction or as & means of decompression lor an enastomeeis.

The Paul Mikulicz procedure was used in tumours of the pelvic

loop in older patients arid, in a few patients, with obstruction

where exterioriaetion was possible. (Table 4).

It is considered that the change in the extent of resection,

probably, reflected the interest in the removal of the wiiole

lymphatic lield. This can be achieved by the ligature or trie
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operations for carcinoma of the left! colon.

table; 4

PRIMARI RESECTION.

-left hemicolectomy

-resection and anastomosis

-resection, anastomosis & ceecostomy

STAGED RESECTION.

-Paul Mikulicz resection

-transverse colostomy, resection,
closure of colostomy

-transverse colostomy, hemicolectomy
closure of colostomy

-left iliac colostomy, resection and
anastomosis

-caecostomy, hemicolectomy

others.

-transverse colostomy

-left iliac colostomy

-laparotomy

6 patients.

16

3

5

9

total

2

I

15

6

12

79 patients.



DIAGRAM 4

K4TRHT GF RLSMCTIGN - LfcJ-'T COLOR,

RESECTION OF CARCINOMA OF
LEFT COLON

Localised Resection (35patients)
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ANASTOMOSIS.

The enaatoEoeis routine was standard for the various surgeons

who operated upon the patients, in the period under review.

The me jority of the patients had an open anastomosis with a two

layer repair. The outer layer was of seromuscular silk, usually

of interrupted sutures but occasionally of continuous silk.

The inner layer was a through and through continuous catgut

suture.

RESECTION OF CARCINOMA OF

LEFT COLON

Hemicolectomy (11 patients)



ANaLXSIS 01 THE Results 01 TREATMENT
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Review Period 1948-1956

MORTALITY

Mortality was defined as the incidence of death in those

patients admitted to hospital and dying within their first

hospital admission. The term mortality is capable of several

interpretations and when used in these different ways is not

always comparable in different series of patients. The

following table ( Table 5 ) gives the mortality rates of

difierent groups of patients compered with the rate for the

whole series.

TABLE 5

TOTAL SERIES 31/130 patients - 23

PATIENTS RECEIVING OPERATION28/12* - 22.6

patients receiving resectionII/79 - 14

Patients not obstructed 5/58 - 8,6

Patients with obstruction 14/35 - 40.

In consideration of the mortality rates, many factors influ-

-ence the figures obtained. This is shown by the figures in

tab] f ranging froci 8.6/ in the non-obstructea patient to 40/'0

in ,ne patient w*tiri large bowel obstruction fiom carcinoma.

The total operative mortality will thus be altered by the

proportion of emergency procedures, the type and the number

of the operations.
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AHALXSIO Or KEHulil'S 01'

REVIEW jSiu-.i-ju 1948-1956

isOhTALm teontd.)

Similarly the reeectability rate will influence the

interpretation of these figures and the comparison of them with

those figures recorded in the literature. However, the resection

mortality of lAf., can be compared with other reports:-

TABLE 6

MAXO 1938 23. 5?b

WILKIE 1939 , 17

KUIR 1956 10.1

GRIFFIN 1956 6.5

McSWAIN 1962 8.2

Thus the results of the western General series showed .u L-l-.e.

if eny, improvement on sir David wilhie * s figures of nearly

twenty years previously, and did not fall into the lower range

which was being quoted by other authors of that time.

Similarly the mortality in patients, with intestinal

obstruction from carcinoma, remained at 40^ which was highly un-

satisfactory although some other reports showed a similar figure.

TABLe 7

iortalit.v Rates fiom Literature

BRINDLEY 1944 20^

BECKER 1953 42

MICHEL 1954 23

CAMPBELL 1956 41.2

MJ1R 1956 19.2

GOLlGiiER 1957 34
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In view of these poor results it was essential that the

cause of this high immediate mortality should be investigated

further.

AETIOLOGY Or KOiTALlTY Abb hORBrbiTY

The complications occurring in this series of patients were

noted from the patients' records and four main groups were

apparent.

1. Infection This was defined in the broadest sense to include

wound infection, peritonitis, abscess, pelvic abscess and

subphrenic abscess. The diagnosis of wound infection was

considered when pus appeared i.. ti±e wounu _-ac-eiiolo^icirJL

confirmation was available in all the infections.

It will be seen from Table 8 that this complication was the

major cause of mortality ana moroidity, accounting for 14/31 deaths

and 34/47 rn&jo: complice irons.

2. Progress of disease. This included patients admit ted witn

advanced disease who succumbed before discharge from hospital.

3. Pulmonary complications. Atelectasis, pneumonia and

pulmonary embolus were grouped together because of the difficulty

of distinguishing small infarcts from areas ol consolidation.4. other causes. This group was mainly cardiovascular and

included myocardial infarct, heart failure and cerebrovascular

accidents.
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INCIDENCE OF COMPLICATIONS

TABLE 8

Review Period - 1940 - 1956

Complications Resulting in death Resulting in morbidity

Infection 14 34

progress of disease II

pulmonary causes 4 9

Others, cardiac etc ; 2 4

PROGNOSIS

In this series, a curative resection has been defined as a

resection of the colon, Rearing the tumour, with the appropriate

segment of lymphatic drainage area and where there has been no

evidence of residual tumour, locally, in lymphatics or in distent

areas such as the liver. The definition was not changed in the

light of subsequent histological information.

Fifty three (53) patients were ajudged to have had a curative

resection and twenty seven (27) had a palliative resection where

residual tumour was known to be present.

One year survival.

Thirty (30) of those patients receiving rejection of the tumour

were dead within twelve months and this included fourteen (14)

of the 53 curative resections.
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PROGNOSIS ( CO 11)

Five yeer survival.

I6.35C of all the patients in the series survived five years and

this compered unfavourably with many papers published prior to the

time of the trview.(Table 9).

TABLE 9

5 year survival.

WILKIE 1939 23£

GRIFFIN 1956 40

SWINTQN 1956 43

Present series - 16.3

34.6^ of the patients receiving curative resection survived

five years. It was realised that this figure was modified by

the small number in the series but the conclusion was inevitable

that this was a poor result compered to those published in other

series. (Table 10).

TABLE 10

£ year survival, curative resection.

SWINTON 1956 61.6^

KUUi 1956 57

GRIFFIN 1956 60.4

present series - 34.0
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PROGNOSIS, (coat).

The follow up in the review period was not regular or complete

arid many of tire patients were seen, at a later date, with

advanced recurrence when nothing curative could be offered.

Only one patient had e resection of a recurrence at the anastomosis

and this wes only palliative, as there were metastases in the

liver.

One point was quite clear and that wes the feet that the cause

of death in the follow up period was recurrence of the tumour, in

the majority of patients.

SUMMARY OF THE REVIEW PERIOD.

A. INFECTION.

Infection was the major cure of mortality and morbidity in the

early postoperative period.

B. TUMOUR SPREAD AND RECURRENCE.

The major cause of death and ill health in the later follow up

was recurrence of tumour.

It must be emphasised that the deficiencies in this study were

appreciated and, in particular1, that the small size of the

series presented difficulties when comparisons were made with other

published groups of patients.



PART 2.

STUDY OF THE PhOBLEM 01 IHIECTXQN.



study of infection
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Infection lias been revealed as the major source of morbidity

efter colonic operations for carcinoma oi the colon. Thus, it

was essential to investigate the records of these patients, in

an attempt to uncover the aetiological features.

site of infection.

Infection could arise from an internal source, such as the

colon, or from airborne contamination or from direct contact with

infected material. The depth of the infection, relative to tne

wound, might help to distinguish the origin, (table II).

table ii

infective complications.

site no. Resulting in death. others.

Serious wound infection
(including fistula) 7 20

Abscess, including pelvic
and subphrenic collections I 3

peritonitis 3 4

Wound disruption 3 7

The high incidence of infection, in the deeper layers of the

wound and peritoneum, would suggest that en internal source for

bacterial contamination was likely. In a lew patients, there

was an immediate onset of symptoms and signs of infection but, in

tire majority, there was a delay of a few days.
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THE OhGANlSES CAUSING INFECTION.

The flora of these infections was studied, in the hope that

this information might indicate the organ most likely to be the

source of contamination, (table 12).

TABLE 12.

ORGANISM.

E. COLI

ENTEHOOOCCI

B.PKQTEUS

B.WELCHI

B.PYOCYANEUS

STAPH.PYOGENES.

POSITIVE CULTUi\E

23

6

4

3

2

6

The information showed that 3& of the 44 organisms were of

types commonly found in the large intestine. Although such

bacteria can be cultured from the abdominal skin in some patients,

it would appear unlikely that such cultures would be positive with

such frequency. Further, it was of interest that the

staphylococcus was the offending organism in only six patients.

THE SENSITIVITY OF INFECTING QKGANISMS TO ANTIBIOTICS.

It was important to determine the sensitivity of all the

infections to the various antibiotics which were in use, curing

the review period. This knowledge might help in the critical

appraisal of the type of antibiotics end the way in which they

were being used.
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TABLE 13

ANTIBIOTICS

penicillin

Streptomycin

Tetracycline

Sulphonanddes

Chloromycetin

OhGAiilSi-iS

E.CQLl (23)
I

6

6

12

22

STAPHIL0C0CCUS(6)
2

1

3

2

6

It will be seen thax less than half these organisms were

sensitive to sulphonamides, less than a quarter sensitive to

streptomycin and only three were sensitive to penicillin.

Furthermore, the tetracyclines were of little additional ealue

and, yet, chlorocycetin appeared useful although the

contraindications to the use of this drug were appreciated.
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bacteriology op infective obligations (contd.)

discussion

The predominance of colonic organisms suggested that the

colon itself was the source of the infection. If the colon

was responsible, then, surgical manipulation could disseminate

the organisms and result in the high mortality and morbidity.

Infection could originate in two ways - firstly, from

contamination of the operation field during the making of the

anastomosis; secondly, leakage could occur from the colon

through the anastomosis after completion of the operation.

A. contamination at operation.

The lumen of the colon was known to contain many bacteria

and if the surgical technique was faulty, in any way, then the

organisms would be liberated and become a potential source of

infection. gbcaiaples of such deficiencies in technique include

the failure to change gloves and instruments after the

anastomosis has been completed. similarly, the area ox

possible contamination can be restricted by the proper use of

packs. It is worthy of comment at this point, that these very

procedures also help to minimise the dissemination of tumour

cells. This will be discussed later.



LEAKAGE NROM THE ANASTOMOSIS (contd.)
TECHNIQUE OF ANASTOMOSIS

DIAGRAM 5

INCORRECT FROCEDURE

RESECTION OF COLON

ANASTOMOSIS

A. Incorrect Correct

I line of section —-n
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Utt'ECTiVE CUMPLlUATlUhS (conta.)

B. Leakage subsequent to operation.

Satisfactory healing of the anas tomosis depends both on

the careful coaptation of the edges of the colon but also on

the maintenance of an adequate blood supply to the healing

area. The colon has a less adequate blood supply than the

small intestine in that there are few arcades and the final

branches form a marginal artery. (Dru.iuond) 1914.) . Thereafter

the vesa brevia and vasa longa are arranged around the

circumference with a good transverse anastomosis but very

little anastomosis in the longitudinal direction. (Griffiths)

1956.). The vasa brevia enter the mesenteric border and

supply tills part of the circumference, whereas, the vasa

longa enter at the taenia where the appendices epiploice are

sited.

In surgery, if the colon is divided transversely, the

blood supply to the anastomosis would be poor (Diagram 9).

This supply w uld be further reduced if the appendices

epiploica were routinely removed to 'tidy' the bowel for

anastomosis (Diagram 5). This would endanger the vasa longa.

In addition, any tension on the anastomosis would further

reduce the blood supply. In such an instance the passage of

faeces over the new anastomosis could disrupt its continuity.

(Morgan) .1999).
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Discussion on infection (contd.)

Surgical considerations.

It had been noted that, since the introduction of enti-

biotics, there had been a tendency to attempt primary resection

and anastomosis more frequently. This procedure was ideal as

an early and adequate treatment of the carcinoma but was

potentially dangerous in the unprepared je tient. Tnere was

the aduitiorial danger that primary resection might be carried out

in a bowel loaded with faeces which would represent a hazard to

the anastomosis on the return of peristalsis.

Thus to attain the ideal situation for safe resection it

was essential that all solid faeces should be removed from the

colon prior to operation. Thi3 mechanical clearance would not

only reduce the hazard of solid faeces breaking the anastomosis

but would also reduce the number of bacteria in the bowel.

Tyson (1959) records that mechenical cleaning by these methods
2 3

can reduce the number of bacteria by 10 or 10 per gramme of

faeces.

A preoperative low residue diet could reduce the mass of trie

faeces in the bowel and oral liquid paraffin could soften

residual faeces and act as a lubricant. colonic wasn outs

and enemata could clear any faecal content provided there was

minimal obstruction of the lumen by the tunour. as far as

could be judged, the practice in the >jeatern General Hospital

appeared to be adequate from this point of view but its

importance was emphasised.
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The ideal preparation of the bowel would result in a clean

arid bacteriologically sterile field for resection and anastomosis.

A new and potent aid was available with the discovery of the

antibiotic drugs. These agents, theoretically at least, could

sterilise the bowel and diminish the risk of contamination or

leakage subsequent to the operation. There was tire risk that,

in the first flush of enthusiasm, too iai.cn be expected of these

agents and that surgeons might forget the principles, previously

held, of careful mechanical preparation and meticulous surgery.

In addition, it had been noted that the organisms, responsible

for infection, were seldom sensitive to tire antibiotics used.

Also, despite these drugs, 46/130 patients had infective

complications in the abdomen. Thus, it was necessary to

establish accurately whether tire current practice in the western

General Hospital was of value in diminishing the risk of infection.

It was decided to set up a trial to compare the current use

of the standard antibiotics against mechanical preparation alone.



CLIIJICAL EtlAL A.
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cl1rical fflilal a

The purpose of this trial was to compare two groups of

patients receiving resection of the colon for carcinoma. The

first group were to receive mechanical preparation alone and the

second to receive mechanical preparation plus the standard anti¬

biotic preparation.

The standard antibiotic preparation was to consist of five

days of oral sulptiasuccidine (8g per diem) and two days

streptomycin (2G per diem.) by mouth, in the pre-operative period.

In addition, the patients were to receive I ampoule of

crystamycin twice daily by intramuscular injection for five days

post-opeiatively.

The patients were selectee at rancor:. over the subsequent

fifty resections.

results

Group 1 (Receiving no antibiotics) 10 out of 23 patients had

infective complications.

Group 2 (Receiving antibiotics) 3 out of 23 patients developed

infection and there was no difference in the severity

of the infection in the two groups.



n

CLINICAL ThlAL A (cont)

DISCUSSION

This brief trial revealed the failure of the antibiotics to

reouce the incidence of infection and this could be explained in

several ways. Firstly, the antibiotics might be unsuitable

because of the spectrum of their antibacterial activity end also

because of the resistance of the infecting organisms to these

agents. This resistance had been demonstrated by the study of

the infections occurring in the review period.

In addition, the time ana method of administration could be
/

unsuitable for the pievention of bacterial contamination.

There was the further possibility that all these factors

could significantly influence the occurrence of infection in any

particular case.

Ideal antibiotic.

In order to judge the antibiotics in the review period, ana

the clinical trial, it was necessary to have an ideal, if

theoretical, antibiotic, Tnis drug would have certain

charecteristics-

®) .The drug should not be absorbed in order to iiave maximal

concentration in the lumen of tile bowel.

b) . The drug must be bacteriocidal as bacteriostatic agents would

leave organisms capable of multiplying end causing infection.

c) .The drug must be broad enectrum to cover ell intestinal organisms
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CL1MCAL TRIAL A (contd.1

DISCUSSION (oontd.)

d). The antibiotic roast not be toxic to the raucosa of tiie gut

as some drugs have been held responsible for necrotisirig

enteritis.

e). If some of the drug was absorbed, and most antibiotics are

to some degree, then it should not produce toxic eflects on

the patient.

f). The agent should not select resistant strains rapidly; this

would produce re-population with potentially dangerous

organisms.

g). The administration should not be complicated by the over¬

growth of organisms which were not usually present in the

lumen of the intestine to any great extent; e.g. monilia

and staphylococcus aureus.

h). The antibiotic must be reasonably cheap if the routine was

to be widely applicable.

STANDARD hhCII-.h

J
It was essential to contrast the drugs in use with these

ideal characteiistics.

Sulphonamiaes

This agent failed to satisfy several of the criteria

outlined above. Firstly, it was not bacteriocidal and could

not be termed broad spectrum in its activity.
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DISCUSSION (cont).

The previous experience had shown that only half the organisms,

responsible for infective complications, were sensitive to the

sulphonamide drugs. The fact that certain other criteria were

satisfied could not counter-balance these considerable disadvantages.

It was appreciated that the drug was cheap and, in the correct

form, nonabsorbable. Likewise, very little toxicity has been

recorded from this type of preparation.

Oral Streptomycin.

This drug is also not broad spectrum in its effect on the

bacterial flora and is partially absorbed. In addition,

toxicity has been recorded and furthermore, resistant strains

are selected rapidly.

Penicillin.

Oral penicillin could possibly kill some of the flora in the

colon provided they belonged to the groups sensitive to this

agent, although most intestinal bacteria are resistant to

penicillin. However, in the studies which have been described,

it had been given in the postoperative period by intramuscular

injection. Penicillin is said to be partly excreted in the bowel

but is again reabsorbed and thus would not be present in a high

concentration within the lumen.

Intramuscular streptomycin.

The deficiencies of streptomycin for colonic sterilisation

has been mentioned but intramuscular injection might result in

good blood levels which might limit infection. This would only be

possible in tissues with a good blood supply snh this might not
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be a correct description of a recently formed anastomosis

neomycin.

This antibiotic p:>.--ared to be the East suitable available

at the time of the tried in 1957. It is broad spectrum in its

activity, bacteriocidal, poorly absorbed and there was, then,

no evidence that it was toxic to bowel mucosa. jurther, it

did not select resistant strains quickly ana was not a drug that

was administered system!eally. It was decided to arrange a

further trial using this antibiotic as the drug of choice.

METHOD Or AiMlHIS!I!RAfi'IQK

The eiia of antibiotic cover for colonic surgery was to

produce a sterile, or at least relatively sterile, bowel for

resection. The ineffectiveness of the antibiotics already used

has been discussed but it was possible that the results could

have been improved if a more satisfactory antxoiotic had been

chosen.

The practice of administration was considered and it was

realised that the last dose was, usually, given early in the

evening prior to the operation. This was a possible weak point

in the procedure, as Hie effect of this preoperative antibiotic

would be getting less at the time of the operation and, ceratinly

would have a negligible effect in the days following the operation.

At the very best, it could produce a state of relative sterility

at the operation but could do little to reduce the danger of

postoperative leakage of organil®3 from the anastonosis.
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The intramuscular antibiotics, given in the postoperative

period, could not be expected to control the bacteria within

the lumen of the bowel. The antibiotic would be carried in the

blood stream to the healthy portion of the bowel but would be in

a low concentration at the relatively avascular anastomosis.

If a portion of the anastomosis was necrotic, this form of

administration could only limit the spread ol infection proviaeu

tiie antibiotic was suitable as has been outlined previously.

Further*, it was recognised that perfusion of an anastomosis

with an antibiotic had been shown, experimentally, to increase

the rate of healing. (Oohn, 195b, 1957. )

SUKMAhf OF THE CONCLUSIONS UtUMK ifcOM CLINICAL TttiAL A

1. The antibiotics previously used were unsatisfactory.

2. The method of administration was open to criticism.

3. Mechanical preparation was essential.

4.Neomycin appeared to be a suitable antibiotic for the purpose.

5. postoperative intramuscular antibiotics were of limited

value.

6. Postoperative intraluminar antibiotics was theoretically sound

and experimentally successful in aiding the healing of an

anastomosis,

7. A further clinical trial should be arranged to assess these

points.
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Choice of antibiotic.

Neomycin was selected as the drug with the most suitable

characteristics for bowel sterilisation, for use in the second

clinical trial.

Method of administration.

It had been resolved to introduce the antibiotic to the region

of the anastomosis in the postoperative period. The intention

was to perfuse the area of anastomosis during the postoperative

ileus becuase any oral preparation would be unlikely to reach

this area in significant concentration. Once, the poat-

-operative ileus had settled the drug could be given by mouth.

It was decided to introduce a fine tube into the bowel,

proximal to the anastomosis, an lead it to the area to ensure

perfusion of the anastomosis site, with the antibiotic. The

potential dangers of such a procedure were further peritoneal

soiling during tne introduction of the tube and leakage of bowel

content , on withdrawal of the tube.

The size of the tube, to be chosen for this purpose, was

thus critical. An adequate lumen was essential for easy

administration of the antibiotic end , yet, had to be small

enough to prevent faecal leaKage on withdrawal. Experiments

were carried out with various diameter tubes and the suspension

of neomycin. The smallest tube,capable of aarrying the drug,

had a lumen of Imm diameter.



METHOD OF ADMIN1STRATIQN. ( cont) .

The exteinal end ofthe tube was important, also, in that it

should provide a leakpioof connection to a syringe carrying the

suspension. After discussion, the firm of portex agreed to

modify an umbilical catheter for the purpose.

Another physical problem was found to be the tendency of certain

forms of plastic tubing to kink and thus occlude the lumen.

It was decided to select 30cm umbilical catheters, shore 90 end

with a Icjfi bore.

INTRODUCTION OF THE CANNULA.

It was important to devise an easy means of inserting the

cannula into the bowel. Any difficulty would increase tne risk

of contamination and also would prove unacceptable to surgeons, at

the end of a difficult operation. A stab incision could be used

but this would, almost certainly, result in faecal leakage.

Further, "Die cannula wouia nave to be drought to Die surface arid,

if it was brought through the main wound, might be pulled out

during the closure of the wound or during subsequent dressings.

A satisfactory answer was found in the use of a Macgregor

needle. This was suggested by Br.R. pettigrew, consultant

Anaesthetist at the western General Hospital. This needle has

been used for the introduction of cannulae into veins and, as will

be seen in Diagram 6, has half of its diameter removed in tlie distal

half of Hie shaft. This needle allows the cannula to be passed

through the distal half into the vein and the needle can be
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Method of administration (contd.)

withdrawn aa the cannula is advanced into the lumen of the vein

Diagram shows the needle loaded with the cannula.



DIAGRAM 6

1'flE MACCaEGCB K K.KDLK



DIAGRAM 7

i-.bhDLL LQADKD WITH THE CAaAJLA.



47

METHOD OP AiMIi, ISTriAIIQH. ( oont) .

The procedure adopted was to introduce the loaded needle through

the abdominal wall, reuiote from the incision, ana tiiis allowed

tiie cannula to be threaded into the peritoneal cavity. The

needle was withdrawn, leaving the cannula in the abdomen with

the syringe fitting tied to the skin by one suture.

The cannula was loaded onto the needle again and the latter

was introduced into the bowel through a taenia coli and held in

place while the cannula was passed to the anastomosis. The

needle was withdrawn and the cannula fixed with a purse string

suture.
:

This allowed the cannula to be renoved, at the appropriate

time, in the postoperative period without disturbing the main

wound or the dressings. Similarly, dressings could be changed

or drains shortened without the risk of pulling out the cannula.
'

The procedure, as described, is illustrated by Diagram 8.
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Method of administration (oont).

DI4GBAM 6

Introduction of cannula for antibiotic administretion.

POST-OPERATIVE ANTIBIOTICS (CONTd.)

Introduction of Cannula

( resection and anastomosis)
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Method of administration (cont).

The following schedule was selected for use in those patients

who received a resection and anastomosis for tne carcinoma.

TABLE 14

LAX LOSE B'i CANNULA DOLE Bf MOUTH.

At operation 900 mg in lumen. Nil.

bOO mg 6 hourly in

IQml water.

1. 50Qmg 6 hourly. Nil

2. 5Q0mg 6 hourly 500mg & nourly,

3. Cannula withdrawn. 300^i 6 hourly,

4. Nil, 5QOmg 6,.hourly.

The purpose of toe double administration on toe third twenty

hour period was to cover the removal of the cannula. in a few

instances toe ileus was not cleared by this time and in such patients

the cannula was used for a further twenty four hours.

ALTERNATIVE >ETHQLS 01' AU-iiaSin^TiOL OF AiiTliilGTiCo.

It was realised that, in certain circumstances, the method

outlined would not be applicable and that alternative procedures

were essential} for example in the presence of a colostomy or

where no anastomosis was practicable,
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Method of administration.(eont.)

I.In the presence of a colostomy.

In this instance, there was no need for the additional risk of

introducing a cannula into the lumen of the bowel proxies! to the

anastomosis. a larger lumen tube could be led from the colostomy

to the proximity of the anastomosis.

Oral antibiotics were of no value in sterilising the bowel

distal to the colostomy. Thus, the neomycin was to be given

by the tube in the colostomy for a five day course of 500mg in

10ml water every 6 hours.

2.In patients m:. ivi' . ouoi=.inoperineal resection.

In reviewing 73 patients who had had an abdominoperineal

resection for carcinoma of the rectum, in the western General,

the perineal space liad been shown to be the commonest site

for postoperative infection.

Thus, it was decided to introduce the cannula into the

abdominal cavity in the same way, as has been described, and to

lead the distal end through the repaired peritoneum of the pelvic

floor.

The neomycin was to be given in 500nig in IQnl water every

six hours. At this time, the practice was to close the

perineal wound around a Foley catheter. (Diagram 9) •
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Method of administration, (cont).

DIAGHAM 9

Technique of administration following abdominoperineal resection

POST- OPERATIVE ANTIBIOTICS (CONTd.)
Introduction of cannula

b) In resection of rectum
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CLINICAL UuaL B (cont) .

Summary.

1. purpose - to test the value of postoperative neomycin given

into the lumen of the bowel or in alternative sites, as has

been described,

2. All patients were to receive careful mechanical preparation of

the bowel,

3. Group i patients received no antibiotics unless indicated for

infection in the postoperative period.

4. Group 2 patients to get postoperative cover with neomycin.

5. The patients were allocated to the treatment group by random

allocation.

Results.

TABLE 15

INJECTION FOLLOWING COLON RESECTION I559-I9b2

Group i- preoperative mechanical preparation, no antibiotics.

Group 2- preoperative mechanical preparation, postoperative

neomycin into the lumen of tire bowel.

flwfror of rsggfiUdhg Nd4>et of ihfgyUQfls j&k&ia

Group I 51 22 (43&) 8 (I&;)

Group 2 40 9 (22$) 2 (5%)»
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CLINICAL TRIAL B (conJ).

Results, (cont).

It will be noted that the two groups do not contain the same

number of patients. The reason for this discrepancy was that

the author left the unit for two years in the course of rotation

and regretably, the control of the trial was somewhat loosened,

A reduction of 21$ in the incidence of infection and 11$ in

the mortality rate, following colon resection is considered

significant. Nevertheless, the incidence of infection could

not be accepted as satisfactory, and a detailed study of the

results was essential to see if any further improvement could be

achieved.

Severity of infection.

in order to compare the infection occuring in the two groups,

the following classification was used.

1. Infection directly responsible for death.

2. Severe infection, abscess, fistula or peritonitis which did

not lead to death.

3. Moderate infection, deep wound infection or superficial

infection leading to a delay in discharge of the patient from

hospital beyond three weeks from the date of operation.

4. Mild infection, superficial wound infection not resulting in

such prolonged delay in discharge.
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CLINICAL THIaL B (cont)

TaBLE 16

Severity of infective complications.

1EGHEE 01 IKFECTIQN GBQUP I GhQUf g

1. Death Q 2

2. Severe 4 0

3. Moderate 5 2

4. Mild 5 5

TOTAL 22 9

Table l6 reveals that the group of patients receiving

neomycin into to* lumen of toe bowel had a lesser morbidity

from infection. (Group 2).

Bacteriology of infection.

It was important to establish toe bacteriology of tiie

infection, occurring in this trial, as it as conceivable that

the neomycin had resulted in changes in the intestinal flora.

This could be in the appearance of different strains of bacteria

or in tiie emergence of resistant strains in toe normal flora.

The figures presented in Table 17, showed that toe organisms

appearing in both clinical groups were very similar and that

they were of the same species as had been seen in tne original

series.

It was interesting to note that tiie organisms had also

retained a very similar sensitivity to the com on antibiotics.

(Table 18 ).
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CLINICAL TRIAL B (cont.)

THE

E.coli

Enterococci

B.Proteus

B.Pyocyeneus

B .Weichi

Staph.aureus

TABLE 17.

Organisms cauain* infection.

CROUP I CROUP 2 TOTAL HEvlEW PERiOJU

II 5 16 23

4 0 4 6

3 0 3 4

112 2

Oil 3

3 2 5 6

50 41 91 130

Number of patients in each series.

This table confirms that the type of flora in infection did

not alter in the series of patients receiving different

preparation. Also, the administration of neomycin had not

resulted in a change in type of bacteria appearing in subsequent

infective complications.
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CLINICAL TRIAL. B.(cont)

TABLE 18

SENSITIVITY OF ORGANISMS, CAUSING INFECTION,
TO ANTIBIOTICS.

I.CQLI.

Group I Ho antibiotics.

Group 2 postoperative neomycin.

ANTIBIOTIC GROUP I GROUP 2 TOTAL REVIEW PERIOD.

penicillin Oil I

Streptomycin 2 2 4 6

Tetracycline 224 6

Sulphonairdde 4 2 6 12

Chloramphenicol 10 5 15 22

Number of organisms XI 5 16 23

STAPH. AUREUS

penicillin 112 2

Streptomycin Oil I

Tetracycline 215 5

Sulphonamide 112 2

Chloramphenicol 3 2 5 6

Number of organisms 325 6

This table shows that the common causetive organisms had not

been altered by the different methods of preparing the colon for

operation.



57

CLINICAL ThXAL B Icontdh

TYPE Qj' OPERATION ALL IhCIbSLCE OF nilECflOh

The evidence was suggestive that an improvement had been

niade in the results of colon surgery by the introduction of

postoperative neomycin into the bowel lumen. however, it was

essential to establish that the type of patient and the operation

carried out were similar in the two groups, lor example, the

the risk of operation was likely to be higher in the older

patient.

The figures (Table 19) reveal that the age distribution

of the patients in the two groups was similar.

TABLE 19

AGE LlSThlBbTlOh

Clinical Trial 1959-1962

AGE GROUP 1 GROUP 2 TOTAL

20-29 0 0 0

30-39 1 2 3

40-49 6 3 9

50-59 11 10 21

60-69 17 12 29

70-79 14 12 26

80-89 2 1 3

GROUP 1 Mechanical preparation only.

GROUP 2 Mechanical preparation, postoperative neomycin into the
bowel lumen.
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CLINICAL TRIAL i3 (contd.^

OPERATIONS

The incidence of infection, following primary anastomosis

and staged resection is shown in Table 20. There wrr; mi.reu

reduction in the neomycin series of patients. One important

point illustrated was the difference in incidence of infection

in those patients receiving primary resection and anastomosis

when compared with staged resection.

TABLE 20

Incidence.pf infqctipn - Type of operation

Group 1 GROUP 2

number of Number of
patiexits. infection patients infection

Staged resection 14 7 19 3

Primary resection 37 15 21 6

TOTAL 51 22 40 _9

GROUP 1 Patients receiving mechanical preparation alone.

GROUP 2 Patients receiving mechanical preparation and post¬

operative neomycin into the bowel lumen.
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CLINICAL TRIAL B foontd.^

CONCLUSIONS

1. The patients receiving neomycin post-operatively into the

lumen of the bowel showed an infection incidence of 9/40 or

22.5$ which compared with the previous results -

a) Review period with the standard antibiotics 40$

b) clinical Trial A - control group 10/25 40$

c) clinical Trial A - standard antibiotics 9/25 36$

d) Clinical Trial B - control group 22/51 43$

Thus an improvement had been obtained.

2. The severity of the infection that occurred in the neomycin

group was reduced.

3. The organisms causing infection in the neomycin group were no

different than those in the other groups.

4. The administration of neomycin had not changed the sensitivity
of the infecting organisms to conventional antibiotics.

5. Although an improvement had been obtained, the incidence of

infection was still excessive. Thus, there must still be

some error either in the choice of drug, the method of

administration or in the surgical technique.

6. Experimental evidence might establish where this error lay,

and might suggest further improvements.
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EXPERMiTAL EVIDENCE.

The objectives of the experiments, about to be described,

were to establish the following points;

1. The best time to administer antibiotics to control infective

complications arising after a colon anastomosis.

2. The best route of aoministratiou of the antibiotics, in order

that these agents might be effective.

EXPtltlMENTAL PREPARATION.

A preparation was required in which the situation was similar

to that pertaining to resection and anastomosis of the human colon.

In addition, a clearly defined end point would assist in the

assessment of Hie results.

The animal chosen was the rat, on account of the esse in

obtaining reasonable numbers .

The intention was to expose the colon and remove all the bl&od

vessels to the ascending and transverse colon, taking particular

care to remove the marginal artery. In this way, a relatively

avascular portion of large intestine was obtained. This segment

was to be transected at its central point and continuity restored

by a single layer anastomosis. A tube was to be inserted into

the caecum for administration of antibiotics. (Diagram 10).
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Experimental Preparation

UlaGhAM 10

EXPERIMENTAL EVIDENCE (CONTd.)

Animal preparation
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EXPERIMENTAL EVIDENCE, (coat).

EXPERIMENT I

This experiment was to test the practical possibility of the

animal preparation.

PROCEDURE.

Under general anaesthesia, from intraperitoneal nembutal

O.Imgf- per kilo, three animals were prepared without undue

difficulty.

The abdomen was opened through a right paramedian incision,

the colon exteriorised and the ileocaecal, right colic and middle

colic vessels divided and ligatured with 4/0 catgut. The

margihal artery was grasped at the ileocaecal junction and avulsed

as far as the ligature on the middle colic vessels. The bowel

was divided transversely between light occlusion clamps and

continuity restored with a single layer of 5/0 silk sutures.

The abdomen was closed with two layers of 4/0 silk arid clips to

the skin.

TABLE 21

RESULTS OF EXPERIMENT I

ANIMAL RESULT CAUSE OF DEATH

A I Died within four days Faecal peritonitis.

A 2 Died within four days Faecal peritonitis.

A 5 Died within four days Volvulus of intestine

All three animals died within four days of operation. Two

died from faecal peritonitis arising fiom necrotic bowel and the

third from a strangulated volvulus of small intestine, through
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EXPERIMENTAL EVILENCE.(cont) .

EXPERIMENT I. (cent).

the gap in the mesocolon.

CONCLUSIONS.

1. The animal preparation was possible from the technical aspect

but was highly lethal, and in this way gave en end point that

was suitable for assessment.

2. The need for closing the gap in the mesocolon, created by the

operation, was noted for future experiments.



AM1KAL ?

The purpose of this experiment was to test the possibility of

introducing a 0.5 mm bore tube into the caecum after completion of

the operation previously described. The tube was held in place by

a purse string suture and was to be used for the instillation of

antibiotics. It was intended to give neomycin, in eight hourly

doses, through this tube, for five days. The total daily dosage

was 40 mg/K which was, approximately, equivalent to the adult

human dose of 3G per diem.

RKSULT

hsT hUKBER

A 4.

A 5.

A 6.

SUhhAhf Oi' hbCULTS

L'EATH

2 days

Survived

Survived

CAiiofc. Ub UhATli

Richter's hernia in
wound.

- (cannula fell out
3rd day).

CONCLUSIONS

This experiment suggested that the procedure was technically

possible and that survival was obtainable. The need for fixation

of the carunula was noted for use in future experiments.
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AhlhAL i^KKfrJ&T 3

The purpose of this experiment was to establish which oietliod

of administration of the antibiotic was most effective in reducing

tiie high mortality rate associated with the experimental pre¬

paration .

Tiie intention was to compare three groups of rats -

1. Rats receiving no antibiotics before or after the operation.

2. Rats receiving neomycin preoperatively by mouth.

3. Rats receiving neomycin post-operatively into the lumen of

the bowel.

All the animals were to receive the operation which has been

described with the tube left into the caecum. f

MATERIAL
f ' i

33 rats of both sexes were grouped into weight classes; all

the rats weighing more then 200G. The animals were -fieri divined

equally but in strictly random order between three cages. The

female rats wer: allocated cages lA. 2Ai and 3a. The male rats

were allocated cages 1, 2, and 3-

Treatment was allocated as followsj-

Cages 1, 1a. Operation alone with no antibiotics.

Cages 2, 2a. preoperative neomycin and operation.

Cages 3t 3A. Operation arid post-operative intraluiainar neomycin.
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ANIMaL KXPiu.Ii-.KfriT 3 (con to.)

KiiTHOD

A. Preoperative neomycin

Neomycin was added to the drinking water for four preoperative

days. Tho average amount taken by each rat was calculated

according to the following formula.

Dose taken by a rat -

(Total volume of drinking water offered minus tne remaining volume)
X Neomycin mg/ml

Number of rats in the cage.

The calculations showed that - tire male rats in cage 2, weighing an

average of 370G, took an average daily dose of 15.5 mg. i.e. 41mg/K

The female rats in cage 2a, weighing an average of 230G, took an

average daily dose of 4.3mg. or lS.^irig/K. These doses compare

with IG daily (14.3 mg/K) or 2G (28.bBg/K) for a 70 kilo patient,

ana thus fall into a reasonable dose range.

b. operation

All the animals had the identical operation as has been

described. The author was not aware of which group of animals

was selected for operation at a particular time and carried out

all the operations.

C. Post-operative re/rime

The animals in cages 3 and 3A received 15 mg. of neomycin each

day in 8 hourly divided doses by means of the cannula. This

doseage was continued for three days.
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AKIKaL hJCPhhihiiM- 3 (contd.)

C. Post-operative regime (conta.)

Qn the third, fourth and fifth days the animals received

neomycin into their drinking water. Tne average daily intake

for each rat war calculated by the setae formula as in tne pre¬

operative group (cages 2,2a). The average daily intake was 17 eg.

The cat inula was withdrawn on the fourtit day.

D. Supsequent management.

All tiie animals were weighed daily and received a normal diet.

The results were based on tiie length of survival post-operatively.

Post-mortem examination was carried out on all the rats. If

the animals survived more than three weeks, tasy were killed and

postmortem examination followed

hkSULTS

Table 22 shows the results of this experiment, in detail,

and it will be seen that the mortality of this procedure was

confirmed, 17 deaths in 32 completed operations. Death occurred

witiiin two days in the majority of animals but there were others

who died up to tnree weeks in tne postoperative period.

The evidence suggested that antibiotic administration hea

some effect in reducing the mortality and that the postoperative

intraluminal neomycin was most effective.
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ANIMAL EXPERIMENT 3 (cont).

RESULTS

TABLE 22

GROUP I Aniti*ls receiving operation alone; female animals- a.

GROUP 2 Animals receiving preoperative oral neomycin.

GROUP 3 Animals receiving postoperative intraluminal noemycin.

MALES

GROUP123

Number receiving operation 7 7 7

Dying wiUhin 48 hours 2 ■X 4

Dying within 7 days I I 0

Dying within 14 days 2 I 0

NUMBER SURVIVING 21 DAIS 0 I 3

FEMALES

GROUP IA 2A 3/

Nuii.ber receiving operation 3* 4 4

Dying within 48 hours 2 2 4

Dying within 7 days 0 0 0

Dying within 14 days I 2 0

SURVIVING 21 DAIS 0 0 0

' One animal discarded at operation es it was unwell.

TOTAL RESULTS

Number receiving operation 10 II II

Dying within 48 hours 4 qj 8

Dying within 7 days I I 0

Dying within 14 days 3 3 0

SURVIVING 21 DAIS 0 I 3
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The cause of death was analysed and it was founa that all the

deaths occurring 46 hours, or more, after the operation were due

to infection. This presented es abscees formation, peritonitis

or infection causing mechanical obstruction. However, the

deaths within 46 hours were from various causes. (Table 23) *

table, 23

CAUSE OF DEATH WITHIN 46 HOURS 01' OPERATION

GROUP123

Number of animals in the group 10 II II

Death from - infection 434

- anaesthetic 023

- pulmonary infection002

- haemorrhage 001

The pathological process, in Hie animals dying from infection,

would appear to have been an acute necrosis with faecal peritonitis

in the early deaths. In the later deaths, local inflammation

and fibrosis had resulted in a mechanical obliteration of the

lumen.

The experiment had proved to be so acute that the number of

animals surviving the operation was small and statistical analysis

was difficult. In order to complete this study, this

experiment was repeated.



ANIKAL EXPERIMENT 4.

This experiment was identical to experiment 3 with the purpose

of increasing,- the numbers available for statistical analysis.

RESULTS EXPERIMENT 3 & 4

table 24

GROUP I Ahimals receiving operation alone.

GROUP 2 Ahi '^als receiving preoperative oral neomycin.

GROUP 3 Animals receiving postoperative intraluminal neomycin.

GROUP 1 GROUP 2 GROUP 3

Number receiving operation 15 12 13

Number surviving 21 days 0 2 4

The results of all the experiments are collated in Table 23.

TABLE 25

GROUP I GROUP 2 GROUP 3

Number receiving operation 28 23 29

Number surviving 21 days 0 3 9

STATISTICAL SIGNIFICANCE.

Two difficulties presentee; to the statistical analysis of

these results. The nucbers axe still on the smell side for

accurate assessment although the difference between Group I and

Group 3 is very suggestive. The other problem was the fact

that there were no survivors in Group I.
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Mli-'iAL EXPERIMENTS.

CONCLUSIONS.

This acute experimental preparation showed that postoperative

neomycin, given into the lumen of the bowel, reduced the

mortality rate from infection. preoperative neomycin appeared

to have some value.

It was suggested that a combination of preoperative oral

neomycin and postoperative intraluminal neomycin might have

produced a further improvement. It was realised that oral

administration could replace intraluminal administration after a

fe§ days of recovery from the operation.

These conclusions would agree with the theoretical suggestion

that infection could occur at two points in time, relative to

operation- firstly, at operation and secondly from leakage from

the anastomosis in the postoperative period. The former would

be controlled by the preoperative use of antibiotics and the latter

by the correct postoperative administrations of antibiotics,

which would maintain high concentration of the drug in the lumen

of the bowel.
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RECONSIDERATION OF ANTIBIOTIC POLICY
i ■

FOR COLONIC SURGERY

The clinical trials had suggested that the antibiotics, in

current use during the review period, were of little use in

reducing the incidence of postoperative infection. It had been

postulated that this failure was due to one of two possibilities,

j Firstly, that the antibiotics had been selected incorrectly and
tiiis has been discussed in detail. Secondly, it was considered

possible that both the time and method of administration of the

antibiotic were incorrect, clinical and experimental evidence

has been given to support this postulate.

The experimental evidence has suggested that preoperative

oral and postoperative intraluminal antibiotics offered tha best

chance of control of the organisms, causing infection. The

problem remained as to which antibiotic was most suitable for the

i purpose of bowel sterilisation,

J .

j CHOICE OF ANTIBIOTIC,

The antibiotics, that were available for suppression of the

bowel flora, could be divided into two main groups,

A. TOPICAL ANTIBIOTICS.

These agents could be given by mouth and were little, if at

all, absorbed from the intestine, A high concentration could

be obtained in the intestine.

Ad example of this group is the non-absorbable sulphonamides.
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RECONSIDERATION OF ANTIBIOTICS (cont) .

i However, this group of drugs has been shown to produce a minimal

reduction of the flora of the gut and ina most unpredictable

manner. ( Firor, 1942; Poth, 1944 and 1946)» Furthermore,

these agents have to be given for four or five days for the effect

I to be marked.

Neomycin has, also, been used widely and in large doses, up

to 12 G a day. However, pharmacological toxicity has been

reported. (Fog, 1954; Cohn and Longacre, 1956; Dineen, I96l

More recently, framycetin and paromomycin have become popular

in the preoperative preparation of the bowel. These antibiotics

have a fairly broad spectrum of activity against intestinal flora

i with minimal toxicity. They appear to have been effective in

j reducing the flora so that postoperative infection has been
'

j reduced. (shiolovsky, 1956; Connell & Ropsselot, 1958;

MacCabe, 1959; Horsborough, 1961; Stratford and Dixson, 1964).

B.Systemic antibiotics.

, These agents could be given by mouth or parenterally and

were then partially absorbed and partially excreted into the

intestine. Some, such as the tetracycline group, have a

fairly broad spectrum of activity; others, such as penicillin

end streptomycin, have a limited range of activity against

intestinal organisms, (Kane, 1947; Tintel, 1947; phillipa

et al, 1958).
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RECONSIDERATION OF ANTIBIOTICS, (cont)

Thus, the use of the systemic antibiotics would result in a

more selective suppression of the flora with the tendency for

overgrowth of other species. This could be associated with

undesirable side effects, such as diarrhoea end colonisation

with resistant flora.

It was apparent that no single antbiotic was available which

had a suppressive effect on all the bacteria likely to be present

in the intestinal tract. It was possible that the best results

might be obtained from trie cochinstion of these drugs. Cohn

and others have established the value of using, core than one

antibiotic for the sterilisation of the bowel,for example;

table 26

ANTIBIOTIC COMBINATION. AUTHOR.

Neomycin and Bacitracin. Fog, 1954.

Neomycin and sulphonamides. poth, 1957.

Neomycin and erythromycin. cohn and Longacre, 1957.

Neomycin and thiostrepton. Cohn, 1957.

Neomycin and polymyxcin. Tyson and Spalding, 1959.

The rationale of these reported studies appeared to be an

attempt to achieve a more complete cover of the intestinal organisms

by broadening the spectrum of activity of the agents by this

combination. as far es can be ascertained, this selection was

besed on the supposed bacterial flora of the stool.
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RECONSIDERATION OF ANTIBIOTICS, (cont).

In the many publications of Dr. Isodore Cohn, the base line

was achieved from the study of the stools of one hundred normal

patients. (Cohn, 1962).

It appeared necessary to assess the quality and quantity of the

bacterial flora of the bowel in the individual patient coming to

operation; and also to determine the sensitivity of this flora

to a range of antibacterial agents likely to be useful as a means

of giving preoperative and postoperative antibiotic cover.

Further information might also be obtained as to the most

efficient, in vitro, mixture of antibacterial agents for use in

the individual patient.

It was decided to set up a clinical and bacteriological trial

using these principles and in which the method of administration

would include preoperative oral and postoperative intraluminal

antibiotics, as has already been discussed.
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SELECTION ON ANTIBIOTIC.

A specimen of faeces.was sent in a sterile container to the

bacteriological department, after the patient had been admitted

to hospital. Tbe specimen was examined as soon as possible

after sampling in a preweighed container. Tbe weight of the

specimen was obtained by difference. Tbe faeces was emulsified

in physiological solution and standard loopfuls, containing

0.002 ml. (plus or minus 0.0003 ml.), were transferred to the

surface of suitable solid media and incubated under both aerobic

and anaerobic conditions. Selective media were also used for the

rapid identification of Streptococcus, Clostridia and coliform

species.

primary sensitivity tests were carried out on the faecal flora

against - Penicillin, streptomycin, chloramphenicol, Tetracycline,

Sulphonemide, Neomycin, rolyrayxcin, colomycin, pramycetin,

paromomycin, Bacitracin, Anpicillin and Erythromycin. This

established any mutual antagonistic or synergistic effects that

the mixture of micro-organisms might have in association with the

various antibiotics. (Gould and Bowie, 1952).

Subculture sensitivity tests were carried out, primarily to

confirm the sensitivity of the organisms found on initial testing

but also to measure the bacteriocidal effect of antibiotics,

singly or in combination.
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CLINICAL ThlAL C. (contd.)

Only e liEiited amount of attention was given to detailed species

identification, so long as the main group of organisms could be

identified.

A quantitive estimation of the number of the organisms was

mace by a Eodified loop technique, by means of diluting a weighed

sample of faeces. ( Gould et al., 1957; Gould et al., 1964).

The estimation of the organisms was made to the nearest order of

10 and the log. of this figure was used to describe tiie amount of

isolate; e.g., I million organisms would be recorded as 6.

dose of the antibiotic.

Ko method of calculating the dose required was available

but certain factors were obviously important.

1. The absorption rate of a particular antibiotic would

determine the amount of tiie substance left in the intestine

■'V-v ■ '■ ■ ■
for antibactei ial activity. (Henceforth abbreviated to a.F.)

2. Til® degree of sensitivity of tiie individual flora to

antibiotics would vary from patient to patient. The
.

recorded sensitivity was abbreviated to a.s. in ug/ml.

3. The total number of organisms would very tiie decree or coutroi

achieved by the antibiotics; abbreviated to log. H.
■

4. The actual concentration of tiie antibiotic in tiie gut was

important and this would be affected by the daily fluid

turnover in the intestine. no accurate assessment of this

factor was available and 6 Litres was taaen as an axbi uuj

figure. Fluid turnover was abbreviated to F.T.
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CLINICAL IRIAL C. (contu.)

In discussion with Dr. J.e. Gould of the Bacteriological

Department of the western General Hospital, the following formula

was chosen as e rough guide to the dose of the antibiotic

required and has proved to be very useful.

DOSE (per day) - A-F. x A.S. x log. H
__

This rough formula resulted in tire choice of a dose of

between 0.5 ana 4G per day of the standard antibiotics winch

is much smaller than many accepted regimes for bowel antisepsis.

The choice of antibiotic was available in 36 to 72 hours after

the sampling of the specimen.

HOWKb PnhhAiiATiQh.

Mechanical preparation was carried out for five days

preoperatively in the standard manner with a low residue diet,

liquid paraffin arid daily enemas. The chosen antibiotic was

given, by couth, for 46 hours prior to the operation except

where a colostomy was present. In the latter instance, the

drugs were given into the distal limb of the colostomy in

divided doses. If, however, it was planned to remove the

colostomy at the time of resection then the antibiotic was uiven

by mouth and by colostomy.

postoperatively, the antibiotics were administered by means

of e fine portex tube wnich tiaa been placed into the lumen of

tire bowel as previously described.
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CLINICAL 'JSvIaL C. (cont) .

The dose of the antibiotic was the same as in the preoperative

days and was given by this route for the first three days. On

the third, fourth and fifth days the patient received the drugs

by mouth and the tube was withdrawn on the fourth day. This

series included sore patients who had their rectum removed and,

in such patients, the cannula was left into the perineal space

and the drugs were given by this route alone in the postoperative

period.

Tne antibiotic selected was used in suspension form lor

intraluminal administration, rather than the more expensive

soluble form. The intention was that the suspension was more

likely to remain in the area of the anastomosis for a reasonable

period of time.

B-I-'iVu.XiJLQGlCAb C0>, iftOL.

A specimen of stool was sent lor examination, at three points

in time. The first specimen was taken from the lumen of the

bowel at the time of anastomosis. In order to avoid unnecessary

soiling, this was usually taken from the lumen of the resected

specimen immediately after removal. This specimen was used to

estimate the success of the preoperative stexilisation.

The second specimen of stool was taken from the first bowel

notion, occur:ing in the postoperative period. This stool

would show if sterility was maintained and if there was any

selection or overgrowth of resistant strains.
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The third specimen of stool was obtained immediately prior to

the discharge of the patient from hospital. This was usually at

least one week after the end of the antibiotic therapy. It was

hoped that this might give information on recolomsation of the

colon and the persistence of organisms such as the stapnylococcus

aureus or monilia.

Nasal swaos were also sent to the bacteriological department

at tiie time of sending the four standard specimens of stool, it

was expected that a certain number of patients would develop

staphylococci in the stool. The preoperative nasal swab was to

establish both the presence and the type of any organisms in the

nose. The subsequent specimens would reveal any cross infection

with the hospital staphylococcus and relate the organisms to the

appropriate source.

The intention was to review the results, bacteriologically

and clinically, after there were 50 patients in the seiies with

complete information and to include all patients receiving

resection of the colon, irrespective of the underlying pathology.
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MATERIAL.

70 patients were examined under this arrtngement before there were

50 with complete records. This discrepancy was due to several

factors but the main one was that the planned operation could not

be performed, e.g.; advanced malignancy. Three of these patients

had two operations under selective antibiotic oover.

AGE AND SitA DISTRIBUTION.

TABLE 27

1962 - I9b3

DECADE MALE EEMALE TOTAL

20-29 0
**

£. 2

30-39 I I 2

40-49 0 4 4

50-59 8 II 19

60-69 8 14 22

70-79 3 I 4

TOTAL 20 33 53

pathology. table 28

rale EEMALE TOTAL

CARCINOMA 8 17 25

DIVERTICULITIS 9 5 14

ULCERATIVE COLITIS I 7 8

CROHNS DISEASE 2 I 3

OTHhiiS 0 3 3

TOTAL 2o 33 53
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MATEhlAL.
table 29

TIPE OS' OPERATION NUMBER OS OPEhATTUNE

Resection end anastomosis 31

Abdominoperineal resection or
proctocolectomy 12

Paul Mikulicz, others 10

53

BACTERIOLOGICAL KESULTE

The bacteriological assessment was made on the degree of

reduction of the total flora, as measurea in the operative

specimen of stool, compared with the preoperative specimen.

This was recorded as the difference in the log of the number of toe

organises isolated per gram of faeces, or bowel content. The

appearance of flora not present in the preoperative stool was also

taken into consideration in calculating the number of bacteria

present.

Bacteriological success was assumed when there was a reduction
4

in the quantity of the flora greater than 10 . A moderate
2 3

success was recorded when the reduction was between 10 arid 10

and patients with less reduction were recorded as having haa no

bacteriological effect.

In all, 40 patients were capable of complete analysis

following resection, 31 haa complete success, 4 had moderate

cm i rtn«eo A K rorviwinfl aC fol 1l iVOC



85

CLIhlCAL TRIAL C.(cont).

The examination of the flora present at the time of operation,

i.e., 48 hours after the commencement of the antibiotic therapy

showea replacement of the preoperative flora, to a varying degree,

by other species in 21 patients. (Table 30.)

TABLE 30

REPLACEMENT i'LlihA - OPERATIVE SPECIMEN

ORGANISES NUMBER Or PATIENT'S RauOE PER G

2-7
Yeasts 16 IQ

4—6
Staphylococcus aureus 2 10

4
pseudomones 2 10

7
Klebsiella I 10

4
Proteus I 10

Replacement of the flora was somewhat more common on

examination of the postoperative specimen of faeces, suggesting

tiiet this increased with the longer administration of the

antibiotic in the postoperative period.(Table 31).

table 31

REPLACEMENT PLQRA - POSTOPERATIVE SPECIMEN

ORGANISMS NUmBER OF PATIENTS RANGE PER G

V * "r ~Z t^2-7Yeasts 13 10

3-7
Staphylococcus aureus 17 10

pseudomonas 2 10^
(in

Klebsiella 6 10

proteUs 4 I(P~^
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LATE BACTERIOLOGICAL STUDIES.

The study of the later specimens of faeces showed that in

almost all patients normal intestinal species of bactexia, such

as E.coli» V/elchi and Bacteriocies, returned within one week of

cessation of antibiotic treatment. The two exceptions showed

persistence of staphylococcus and yeasts in relatively small

nuiJibers. There was a tendency to recolonise with strains of

E.coli and streptococci which were moire resistant to antibiotics

such as At-picillin, streptomycin, Tetracycline ana more

occasionally Chloramphenicol than the strains before operatioxi.

However, in no instance was resistance noted to the

antibiotic used for the selective cover of the patient. It is

not known whether the antibiotic resistant straxns were the seme

or different in other biological characters from the preoperative

flora.
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SELECTIVE ANTIBIOTIC COVER (contd.)
RESULTS (contd.)

CLINICAL RESULTS

The relation between the operations, pathology and the

incidence of infection is shown in the tables 32, 33

TABLE 32

TYPE OF OPERATION * NO INFECTION INFECTION TOTAL NUMBER

VITH ANASTOMOSIS <-- 33 3 36

WITH EXCISION OF RECTUM 8 4 12

OTHERS 505

TABLE 33

TYPE OF PATHOLOGY NO INFECTION INFECTION TOTAL NUMBER

CARCINOMA 23 2 25

DIVERTICULITIS 12 2 14

ULCERATIVE COLITIS 5 38

Thus the overall incidence of infection in this preliminary

series was 7 in 53 patients and in carcinoma 2 out of 25 patients.

This was a considerable improvement over the results recorded

in the previous trials.

It was obviously important to consider in detail the

failures and the details will be discussed later.
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CHOICE OF ANTIBIOTICS

The results of the bacteriology studies usually suggested a

combination of antibiotics - the most commonly recommended were

Framycetin and Ampicillin. Occasionally Colomycin, Bacitracin

or Polyroycin were indicated for the presence of pseudoiaonas and

in a few cases Erythromycin was indicated for the control of

resistant Streptococci. In a number of patients sulphonamides

were active in vitro against Clostridia and other anerobic flora

not controlled by Framycetin, Neomycin or paromomycin, and were

used as en alternative to Penicillin or Bacitracin.

No particular combination of drugs was associated with
4

failure to reduce the intestinal flora by less than 10 . arid it

must be assumed that the individual nature of the flora in these

patients was the major factor involved in preventing reduction of

the bacteria.

COHCIjUSlQtiS

The principle of antibiotic selection according to

sensitivity test is used in every other field where such agents

are indicated, it is believed that this procedure has con¬

siderably reduced the hazard of infection. In order to confirm

these preliminary findings the trial has been extended to the

present date and as will be seen the findings of toe initial

trial are well supported.
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CURRENT THERAPY

The following tables refer to the 124 successive patieats

that have bean assessed up to the date of writing this thesis

and include the pa tier: ts in the previous series of selective

cover.

TABLE 34

AGE Ai.D SEA iUSThlBUTIQh

1962-1964

MALE FEMALE TOTAL

0-9 1 0 1

10-19 1 2 3

20-29 2 2 4

50-39 2 9 11

40-49 13 14 27

50-59 12 22 34

60-69 8 14 22

70-79 3 15 18

80-89 1 4 5

TABLE 35

AETIQLOOY

30WEL RESECTION 1962-1964

CARCIKQMA 66

DIVERTICULITIS 28

ULCERATIVE COLITIS 15

CROHNS 5

OTHERS 15
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SELECTIVE BCWEL COVER (contd.^

RESULTS (contG.)
TABLE 36

OPERATIOHS 1962-1964

Incidence of Infection (114)

TYPE OF OPfefrATlOH LQ IKEECfiGK IhiECTlOi. TOTAL

Resection and anastomosis 68 6 74

Proctocolectomy 25 5 28
Abdominoperineal

Paul Mikulicz, others 12 0 12

h.B. The number of cases in this table is only 114 as against

the total assessed and the difference is due to the fact tiiat lo

of the patients did not receive the operation planned for them

when the antibiogram was requested.

TABLE 57

TYPE OF PATHOLOGY hO IhEECIlOD IRFECTIQh TOTAL

CAhCILOhA 57 6 63

DIVERTICULITIS 24 2 26

COLITIS 13 3 16

These figures siiow that the incidence of infection overall

the patients receiving selective bowel cover with antibiotics was

11/114 or 3.lie.

In carcinoma the present figure stands at 6/65 or 9.6$.
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SELECTIVE BOWEL CO'JEh. (contd.)

Ail 'IIBIOTICS KECOfcild.UED.

The initial study of the preoperative stool in 124 patients

resulted in the recommendation of 10 antibiotics in 44 different

combinations. Three antibiotics were necessary for 30 patients

in 17 different combinations. Two antibiotics were required

for 60 patients in 24 different groups, and 14 patients required

only one antibiotic. The actual antibiotics and the number of

occasions that each was necessary are recorded in Table 36.

A.TIrilOTIC

fRAMXCETIN

AMPICILLIB

bm.mm

SULFHQNAMIDE

PENICILLIN

BACITRACIN

PAROMOMYCIN

P0LMXI1»

hKXl'iiiOi'A XCIL

COLOMXCLv

TABLE 38

LILJ3ER OP PaTIEKIS

75

41

39

37

29

21

12

6

5

3

BAIL! DOLE RANGE

0.5 - 4G

0.5 - 3G

0.5 - 4G

1 - 40

0.5 - 2G

20,000 - 150,000 units

1-20

1M - 2M units

1 - 1.50

1 - 3M units.
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ANTIBIOTIC COMBINATION.

The coKunnest combinations of antibiotics for bowel antisepsis

are shown in Table 39.

TABLE 39

THREE ANTIBIOTICS I. 30FRAMYCIN or FRAEYCETIN

AMPICILLIN

SULPHONAMUU

2. FRAKYCETIN

PENICILLIN

SULPHQNAKIEE

TWO ANTIBIOTICS I. FRAKYCETIN

AhPICILLIN

2. FRAMYCETIN

PENICILLIN

ONE ANTIBIOTIC I. FRAhYCETIN

2. NEOMYCIN.

It was interesting to note that one patient with diarrhoea from

carcinoma of the colon required penicillin alone, as she had

been receiving multiple antibiotic therapy from her general

practitioner.
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BACTERIOLOGICAL RESULTS.

Only lol patients, in the series, had full bacteriological

studies in the postoperative period but, owing to the small

incidence of infective complications, no conclusions can be drawn

from the comparison of clinical and bacteriological success.

TABLE 40.

TABLE 40.

BACTERIOLOGICAL RESULTS LUMBER 01 PAllah IS LUMBER 01 iniECTroLE

SUCCESS 78 ) 9
) 86

MODERATE SUCCESS 10 )

FAILURE 13 2

TOTAL lol 11
« *•

N.B. Bacteriological success was classified as a reduction in the

flora by more than lo^.

REFLACEREbT.

in 114 patients some postoperative assessment was possible,

and staphylococci appeared, in 22 and aonilia in 46 patients.

No clinical complications could be connected with the presence

of these organisms. These abnormal organisms, to gut flora,

were soon replaced with the normal flora after cessation of the

antibiotic therapy.
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CLINICAL FAILURES.

It is essential to consider the patients in whom infection did

occur. In this series, there were eleven patients with

infection, in eight E.Coli was the responsible organism with

staphylococci appearing in two and B.Welchi in one patient.

Thus, despite an etten.pt to sterilise the bowel, the gut flora

remained the main cause of infective complications.

The severity of the infection is summarised in Table 41 ana

the same criteria have been used as in trie earlier trials.

TABLE 41

GRADE OF INFECTION. NUMBER OF PATIENTS.

I.Infection leading to death. 2

2.Severe infection. 0

3.Moderate infection 4

4.Minor infection 5

The details of the infections are shown in Table 42.

Technical errors.

In tine eleven patients, five complications can be included

in this category. In two patients there was an anastomotic

leak and this could be attributed to inadequate suture or excessive

tension in the anastomosis. Alternately, it was conceivable

that there was inadscsuats blood sunolv to the ends of the bowel



AGE
SEX

DIAGNOSIS

OPERATION

lT\

BACTERIOLOGICALSUCCESS

ERROR

INFECTION

coo

33

333og3o

CO

46

M

CARCINOMA

60

M

DIVERTICULITIS
58

F

CARCINOMA

74

P

CARCINOMA

64

M

DIVERTICULITIS
50

F

COLITIS

65

M

CARCINOMA

62

F

CARCINOMA

70

F

CARCINOMA

35

M

DIVERTICULITIS
56

F

COLITIS

ILEQRECTALRESECTIONRESECTION

YESYESNO

ILEOTRANSVERSE
COLOSTOMY
YES

RESECTIONPROCTOCOLECTOMYABDOMINOPERINEALRESECTIONABDOMINOPERINEALRESECTIONPROCTOCOLECTOMY
YESYESNOYESYESYESYES

ANASTOMOTIC
LEAK

ANASTOMOTIC
LEAK

INCORRECTADMINISTRATIONHAEMOSTASISHAEMOSTASIS
FISTULA(E.COLI).PERITONITIS(E.COLI).DEEP

WOUND(E.COLI).WOUND(B.WELCHI).WOUND(E.COLI).PERINEAL(E.COLI).PERINEAL(E.COLI).STITCH
LINE(E.COLI).COLOSTOMY(E.COLI).SUPERFICIAL(STAPH

AUREUS),SUPERFICIAL(STAPH
AUREUS),
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Antibiotics can not be expected to counteract major leaxa from

tiie anastomosis but could reduce the mortality of such gross

contamination of the peritoneum from tiie bowel flora.

Two patients had wound haematoaiata that became infected ena it

can be concluded that haemostasia had been incomplete, at operation.

Human error is illustrated by one patient who received pre-

-operative oral administration of antibiotics, in the presence of

e defunctioning colostomy. Thus, the organises, in the bowel

to be resected, were little influenced by the antibiotics.

PERINEAL WOUHLS.

Two of the patients developed e perineal wound infection after

resection of the rectum; one patient had a colonic carcinoma and

tiie other ulcerative colitis. It was the policy, at this time,

to close the perineal wound around a joley catheter, provided there

wes no soiling at resection end that haemostasia was complete.

The large space, however, remains and a certain incidence of

infection is probably unavoidable.

Subsequent to this series, the perineal wound has been closed

with a Redivac drain through a lateral stab wound. An attempt

has been made to judge how long drainage is necessary by serial

sinograms. Radiographs were tahen at intervals and tiie difference

at 10 and 24 dyys can be seen in the radiograpiis. (x-rays I, 2).
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JUI'-AY 1

PERIHKAL qUAQGRAM lo DA'Iti
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jUKAjf 2

PERINEAL SIRPGRAH 24 JJAIS
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SELECTIVE COVEh. (cout).

Superficial wound infection.

Four patients had a superficial wound infection, two from

staphylococcus aureus and two from E.coli. The danger of a

colostomy, near an incision, is illustrated by one patient who

had an abdominoperineal resection of rectum. (Table 42).
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DISCUSSION

It is essential to emphasise that the measures, described in

detail on the previous pages, do not form an alternative to

sound surgical principles and are merely the supplementary use

of one sound principle in the correct selection and use of

antibiotics.

The other principles that must be followed, meticulously,

in colon surgery are well known but not always adhered to.

They include-

1.Correct mechanical preparation.

2.Meticulous surgical technique.

3.The correct choice of operation for the individual patient.

4.Strict aseptic technique.

Correct mechanical preparation.

A bowel, loaded with hard faecal masses, is a potential

source of damage to a new anastomosis. Returning peristalsis

will pass these faecal concretions across the anastomosis with

possible disruption of the stitch line. Furthermore, any

antibiotic given preoperatively would be incapable of penetrating

such accretions and would fail to produce a significant degree of

sterility.

Correct choice of operation.

The anastomosis is considered as the weak point from which

infection is liable to occur. The risk of primary anastomosis

is considerable where there is obstruction or a poorly prepared
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bowel. in this instance, a staged resection is justified despite

the fact that this would result in a delay in the treatment of the

carcinoma. The operation must be selected according to tne state

of the bowel as well as the stage of the tumour, if infection is to

be minimised.

METICULOUS SUHCEHI.

The blood supply of the anastomosis is a vital factor in the

healing of the bowel end must be preserved. if the blood vessels

ere tied, as an early step in trie resection, the viability of tire

bowel ends is well established by the time the surgeon is prepared

to do the anastomosis.

The careful preservation of the appendices epiploic© ensure

that the vase longa are intact. Similarly, the technique of

leaving the mesenteric border longer than the antimesenteric side

ensures that there is some supply from the vesa brevia.

Careful suture of tire anastomosis is necessary, not only to

obtain accurate apposition but also to make sure that the remaining

blood supply is not obliterated by several rows of sutures.

Interrupted sutures are better then a continuous stitch for this

purpose and, in the same way, a one layer anastomosis ia to be

preferred.

SIRICT ASEPTIC TECHNIQUE.

The appreciation of the problem of infection makes mandatory

an aseptic procedure, in the surgery of the colon.
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No matter how successful bowel sterilisation may be become in the

future, prevention of infection is better than the treatment of

established infection. It is interesting to conjecture on the

relative merits of a closed and an open anastomosis. In the

Western General Hospital, it is the practice of all the surgeons

except the author to use the open method. The author prefers

the closed method, using a modified Furness clamp, to avoid the

large necrotic flap that is left in other methods of producing

a closed anastomosis.

Antibiotic cover.

The results of the selective trial reveal that a marked

reduction in the incidence of infection can be achieved. This

can be accredited to the correct use and choice of the antibiotics.

The value of postoperative, intraluminal, antibiotics has been

established,

The antibiotics, that have been used, are variable in

combination and dose. It would seem unlikely that any one

antibiotic will be discovered that would control all the variety

of organisms that are present in different patients. It will

be noted that the dose of antibiotics used in the trial, was small

in comparison with that reported from other centres. This dose

was selected by an empirical formula which has been justified by

the bacteriological studies and the clinical results.



!
:

SELECTIVE COVER, (cont) ,

. Any new method must be applicable in any part of the world,

to be of maximal benefit to the maximal number of patients. It

could be argued that many hospitals do not have the bacteriological

facilities to assess organism sensitivity in this way. However,

only one assessment would be necessary for each patient by

culturing and testing the preoperative stool, nevertheless,

there will be situations where such facilities will not be

available. At the present stage of the study, it would seem

that a combination of soframycin and ampicillin, in a daily dose

of 2G each, would be adequate for about threequarters of the

patients.

The author has been using this optimal combination for twelve

months in Bangour General Hospital and is not satisfied with the

results,(Table 43).

TABLE 43

INCIDENCE OF INFECTIVE COMPLICATIONS.

( Bangour General Hospital, 1964 - 1965)

NUMBER OF RESECTIONS. NUMBER OF INFECTIONS %

35 6 I7<£
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SELECTIVE COVER. ( con t) .

Superinfection.

The problem of superinfection will always be present where en

area is rendered sterile. This degree of sterility has been

achieved with selective cover as assessed by careful bacteriological,

control, although it is appreciated that complete sterility is

a dubious entity.

Superinfection has occurred although it is difiicult to decide

whether this is due to recolonisation of a sterile field, or

to selection of organisms that were present previously in smell

numbers and had not been detected.

Staphylococcus aureus end monilie have appeared in considerable

numbers without clinical complications. Repeated nasal swabs

of these patients have failed to reveal colonisation from this

source.

Repopulation.

Repopulation, with normal flora, has occurred although no

specific investigation lias been attempted on this problem. This

is presumably from the upper intestinal tract from oral ingestion

of these organisms. preliminary work suggests that these

organisms may well be of the hospital strains and nave different

sensitivities to antibiotics than the bacteria cultured in the

preoperative specimen of stool.

Dr Buchan is, at present, investigating this aspect unaer

tile auspices of Dr .J.C. Gould of the Microbiological Department

A-f Uao+orn Pisnar'al UAAni t.fll _
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SELECTIVE COVER.(cont).

CONCLUSIONS ON SLECTIVE ANTIBIOTIC COVER FOR COLON SURGERY.

I.Infection, from colonic organisms, remains the greatest source

of morbidity and mortality following resection of the colon.

2.A series of clinical trials has resulted in the evolution of

selective antibiotic cover, for colonic surgery, based on

stool culture. . .)

3.The reduction, in infection, is revealed in Table 44.

TABLE 44

INCIDENCE OF INFECTION

1949-1956 Review period 40%

1956-1958 1st trial - no antibiotics 40

- standard antibiotics 36

1958-1962 2nd trial - no antibiotics 41

- postoperative
neomycin

22

1962-1964 3rd trial - patients with cancer 9.6

- all patients 9.7

(1964-1965 Bangour series
Soframycin and ampicillin 17
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CONCLUSIONS.

4.In patients with carcinoca of the colon, there has been a

considexable reduction in the mortality rate. (Table 4b)•

TABLE 45.

MORTALITY RATE - CARCINOMA 0i« 'THE COLON,

(resection).

Review period I4yfc

Control series 15.7

Postoperative neomycin 5

Selective cover 2.1

Barxgour series 5.7)

1949-1956

1956-1962

I95&-I962

1962-1964

(1964-1965

5.The selective cover has been shown to be of equal value in

patients, receiving resection of the colon, with diverticulitis,

ulcerative colitis and Crohn's disease.

^*The trials have suggested that the most satisfactory metnod,

of administration of antibiotics, is the combination of

preoperative oral and postoperative intraluminal use. The

latter initially by an intraluminal tube and later by mouth.

7.A method of introducing the cannula, by means of a MacQregor

needle, has been illustrated. This cannula has been used

195 times and, on two occasions only, was there any leakage

following withdrawal of the cannula on the fourth postoperative

day. No complications have arisen, from use of this cannula,

since the procedure has been standardised.



Part 2.

THE PROBLci'i OP TUhOUK KECUiu,ENCE.
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PROBLEM OF TUMOUR RECURRENCE IN THE SURGICAL

TkEaTki'JiT OF CARCINOMA OF THE COLON.

Tiie initial review of surgery, for carcinoiba oi the colon,

revealed that tUEsour recurrence was the main cause of aeatii, after

discharge Iron, hospital.

The main points are summarised -

1. curative resection was possible in 40.8;a of patients.

2. Resection of the tumour was carried out in 59.40 of the series.

3. 57.5%> of all patients, receiving resection, dieu within one

year of operation from spread or recurrence of tumour.

4. 26,4% of patients with a curative resection died within one

year of operation.

5. 5 year survival, in the whole series, was 16,5%,

6. 5 year survival, in the curative group, was 54,0%,

It was reelised that the figures, presented above, were too

small for careful analysis or comparison. However, the

indications were present that recurrence of the tumour was tile

major problem in the lete postoperative period.
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RESECTABILITY OF CARCINOMA OF THE COLON.

; .)
The possibility of resection of the tumour depends on the stage

I of the spread of the disease that has occurred prior to laparotomy,

j Other factors, such as the age and general health of the patient,

I are of lesser significance. in the review period, 52 patients

had a curative resection end a further 2l had a palliative

resection of the tumour. Thus, in all, 59.4$ of the series

had a resection of the tumour; this compares unfavourably with

other published figures, (Table 46), I ' '
■' ~ ' ' -J' •

TABLE 46

RESECTABILITX RATES.

AUTHOR TEAR RESECTABILITT RATE

I

COLLIER et al; 1956 6i,2^

SvINTON 1956 63

GRIiFIN et al; 1956 702

BERK et al; 1962 75

It was important to consider the factors that were responsible

for the low incidence of resection,

J. DELAY IN SEEKING TREATMENT.

40>o of the patients hed symptoms for more than three months

and 30$ for more than six months, unfortunately, in Great

Britain, cancer is still a word that the lay person does not

like using as a possible explanation for
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RESECTABILITX OF CARCINOMA OF THE COLON.(cont) .

as a possible explanation of his own symptoms. The subconscious

fear of this disease, often, results in the patient hiding his

symptoms end explaining them away, as constipation or piles.

If discussion was more frank, as in the United States, and if

it was commonly appreciated that early disease could be cured,

the patients approach might be modified.

The busy general practitioner, with his full consulting roon,

is also prone to accept the explanation, given by the patient,

for his symptoms and may fail to complete his examination or

investigation. The same criticism can be levelled at the

hospital practitioner and delay can occur in all branches of the

medical profession.

(

No answer has been found to this problem but it must lie in

the field of education and the provision of adequate time and

facilities for earljr treatment and investigation,

2.DELAY IN DIAGNOSIS.

The misinterpretation of the symptoms can lead to a delay in

treatment and the problem is made more serious because the

alternative pathological conditions can give a very similar

clinical picture.

The symptoms of the patients in the review period are given

in Table 47.



RESECTABILITX OF CARCINOMA OF THE COLON (oont) .

table 47.

SYMPTOMS- CARCINOMA OF COLON

( 130 patients )

ABDOMINAL PAIN 93 71.5#

DIARRHOEA 49 37.7

CONSTIPATION 76 58.5

ALTERNATING BCWEL HABIT 21 16.2

MELAENA 22 16.6

BLOOD PER RECTUM 40 30.6

VOMITING 33 25.4

LOSS OF WEIGHT 83 63.6
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RESECTABILTH OB CARCINOMA OF THE COLON.(cont)

The clinical signs are sometimes diagnostic but this is not

always the case. The signs are shown in Table 45 and it will

be seen that a mass was present in just over half the patients.

35 of the patients presented with intestinal obstruction which

oould have been caused by other diseases, such as diverticulitis.

TABLE 49

clinical signs - carcinoma of the colon

( 130 petients).
MASS IN THE ABDOMEN 57

MaSS PER RECTUM 17

INTESTINAL OBSTRUCTION 35

ASCITES 12

PALPABLE LIVER 16

OTHER SIGNS OF MALIGNANCY 7

The history was suggestive of carcinoma of the colon, in the

majority of patients but the method of confirming the diagnosis

varied and is shown in Table 50 •

table 50

method of confirming the diagnosis.

57

35

12

5

22

abdominal mass

laparotomy for obstruction

tumour in rectum

sigmoidoscopy alone

barium enema alone
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HESECTABlLm 01 CAhCxhOMA 01 THE COLOfl.(cont)

Barium enema appeared to be a useful method of establishing

the diagnosis. some doubt has been cast on this procedure and

the usual error is considered to be in the region of loju (Cameron

I9b0) . in this review, there were 7 false negatives in 18

barium enema examinations or 9^» 3 of the tumours were in the

pelvic loop, I in the descending colon and I in the caecum.

Several problems appeared on analysis of these radiographs,

1. Inadequate filling of the colon.

Many of these patients were elderly ana there was, on occasion,

difficulty in getting the bowel filled with barium, Tbie was due

to the evacuation of the barium b$ the patient. The solution,

to this problem, was to use a Foley type catheter, wiiich acted

both es a cork and as a conduit for the barium. This method

proved of unexpected additional value to the radiologist, when

used in patients with diseases of the pelvic colon and rectum,

in such patients, the radiologist found that the extra pressure

required to fill the balloon, acted as a warning to him to be

especially careful in his examination. This is of particular

significance in patients suffering from ulcerative colitis.

2. Incomplete clearance of faeces.

Faeces, in the colon, can simulate a carcinoma and vice versa

and this is seen in the radiographs, (xreys 3, 4, 5).
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X-RAY 3

barium EMiMA - FaECES OR CAhMMOHA
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X-RAY 4

BARIUM KNKHA - FAECES Qh CAhCIKQhA



Il6

X-liAl 5

DOUBLE CONTRAST ENSFiA - FAECES OK CAhCIKOkfl.
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These radiographs were of a fecale patient, J.R., aged 63

years, with a three month history of abdominal discomfort with

occasional alternating diarrhoea and constipation. Blood had

been noted in the stool on one occasion. Examination revealed

no abnormality. Barium enema examination was reported as

being more suggestive of faeces than carcinoma but indicated

that double contrast studies were justified. This examination

was carried out and a tumour was shown. (X-Ray 3) •

In addition to mechanical emptying of the bowel, some other-

procedure was necessary. Dr. B. Cummaclc, oi the Radiological
Department, selected yerapaque retention enemas. yenpaque,

(dihydroxyphenol isatin), is a phenolphthalein like substance
and should be retained for five minutes.

Verapaque results in a good clearance of the pelvic colon

but should not be used in patients with obstruction or ulcerative

colitis, as peristalsis is increased with tire possible

complication of perforation, a similar effect might be

obtained with suppositories such as Dulcolax,

3. T'ne pelvic loop,

pelvic colon tumours were most commonly missed, although

some series suggest that the caecum is equally difficult.

The caecum has not proved a problem, provided there is gooa

filling end adequate postevecuation films. The pelvic colon

is particularly difficult to outline in some patients because of

the redundancy of the bowel with superimposition,

Xrey 6 shows an example of tnis problem and it would be unwise

to exclude a tumour on this film.
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X - RAX 6 <
aClUK Bltti* - iiamiltHCI OK ^WOUE. ?
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RESECTaBILITX OF O&RCIHOHa 01? THE COLON. ( cont)

X - RAX 7

BARIUM ENEMA - LATERAL RHONE FILM - TUMOUR
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HESECTABILITY OF CARCINOMA 01' THE COLOH.(cont)

This patient, a male aged 58» Had complained of lower

abdominal discomfort end some increase in constipation for four

months. Clinical examination and sigmoidoscopy were negative.

Ordinary films failed to reveal any lesion and showed gross

redundancy. It was decided to take a lateral picture with the

patient lying prone and this revealed a typical carcinoma of the

pelvic loop, (x-ray 7) . The tumour was also shown in oblique

views with the patient lying on his side.

The additional views that have been described axe now standard

in the examination of the colon where a lesion is suspected in

the pelvic area.

Barium enema examination has been carried out 148 times on

patients with carcinoma of the colon since 1956 and the tumour

has been missed on three occasions on the first series. Two

of the tumours were in the pelvic colon and, in both, the

examination was not satisfactory. The third lesion was in the

caecum but this was in apatient with gross ulcerative colitis

involving the whole colon.

Double contrast enema has been used in those cases where

polyps, multiple lesions or a tumour was suspected and where

the inital films were inconclusive.
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RSSECTABILITY OF CARCINOMA OF THE COLON.(cont).

BARIUM ENEMA (cont).

There seems no doubt that radiology is an excellent diagnostic

weapon, but must be used properly if it is to provide such a

high degree of accuracy as has been obtained in the Radiologiqal

Department of the Western General Hospital.

SUMMARY.

It has been argued, on the previous pages, that methods of

diagnosis can be improved in the clinical and radiological

services of the hospital. However, a further increase in

resectability depends, also, on the patient and the general

practitioner. This truth is borne out, by the figures obtained

on analysis of the patients admitted subsequent to the initial

review, where the rate of resection is 62?b as compared with 59.4$

The rate of curative resection, in this later period, is

43.8^ compared with 40»9?b in the early series. This indicates

that little improvement has been achieved in this problem.

Many papers, including that of Rosi (1962), report a curative

rate of resection as high as 75^ and one can only conclude that

such centres are seeing a different group of patients.
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HiQGHQSIS.

57.5?t of all the patients and 2b.4y. of the patients, receiving

e curative resection in the review period, died within one year

of the initial operation. These figures are exceptionally low

and required further investigation.

Similarly, a five year survival of lb.3^ in all patients and

34.c^i in curative resection fell well below the rates published et

the time of the review, (Kayo et al., 1941; Lahey et el., 1942).

It was postulated that the difference could be due, in pert

at least, to technical errors. The operations night be

inadequate in the extent of resection or the technique udght

disseminate tumour cells as has been suggested by Cole. (I99l)

SITE OF METASTASES.

The site of metastases, in patients who had had resection of

the colon, is illustrated in Diagram II. The pattern, in tnis

series, was difficult to assess as the disease had progressed to

such an extent that tire initial locus could not be determined.

The follow up system was not regular, unfortunately, end tile

recurrent disease was diffuse end inoperable in most of the patients.

This resulted in a negative approach towards tumour recurrence in
T

that no further operation was recommended, despite trie possibility

of resection of a solitary recurrence.
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PKOGN0313. ( con t) ,

DIAGRAM II

SITE OF METASTASES.
%
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PROGNOSIS.(cont)

SITE OF METASTASES.(con t)

The importance of recurrence within the peritoneal cavity

is confirmed by many reports in the literature. Muxr, (I95b)»

records that 96% of the recuriences are in this cavity.

The figures, obtained from the review, resulted in a

reconsideration of the pethways by which turnout spreads and their

significance, in relation to the surgical techniques used in the

Western General Hospital.
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TUMOUR SPREAb.

SPKEAb BY INVASION.

In carcinoma of the colon, longitudinal spread of the tumour,

in the wall of the bowel, is limited and seldom core than 5cm.

This method of growth was allowed for in the surgical techniques

and there appeared no need for any improvement, in this respect.

SPREAD BY LYMPHATICS.

It is recognised that lymphatic spread is primarily by

embolism whereas permeation is secondary, only, to invasion of

the lymphatic vessel. Rewcogruae emoolism can occur ixum planus

blocked by tumour. (Rosi and Capos, 1955)•

Normally, lymph flow drains through the epicolic, paracolic,

inteimediate end central glands from the area of tlie tumour.

The exact significance of lymphatic spread is difficult to

establish although emphasis is placed on this mode of spread in

current textbooks. Also» there is no denying the different

prognosis in patients with and without glands containing tumour.

The site of metastases raises some doubt about the place of

lymphatic spread unless one postulates that Hie tumour cells

embolise and are carried into the circulation to become established

in the liver, lungs and bones. It would be more credible

that dissemination by the blood stream was responsible for such

metastases.
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TUMOUR SPREAD. ( cont) .

Surgery has been planned, nevertheless, to excise the

appropriate lymphatic areas, (Gilchrist, 1958; McKittrick, 1959)*

In the review period, right hemicolectomy was used for tumours

of the right colon, but, in other parts of the bowel local

resection and anastomosis was preferred. This policy was open

to criticism, in that it would not result in the removal of the

full lymphatic field. The inherent risk is aggravated by the

necessary preservation of the blood supply, to ensure a vascular

anastomosis.

It was decided to recommend an increase in the length of the

bowel to be excised, in order to clear the other important

lymphatic drainage areas. In the transverse colon, both

flexures were to be removed when the tumour was placed centrally.

Right hemicolectomy was to be extended to the left of the middle

colic vessels, when the tumour was situated at the hepatic

flexure.

Similarly, when the tumour was at the splenic flexure, the

resection was to extend from the right of the middle colic vessels

to the middle of the descending colon.

In the left colon, the policy was changed to a left hemi-

-colectomy, as was first suggested by Moynihan. (1908). Removal

of the remaining portion of the splenic flexure and descending

colon, reduced the risk of avascularity of this portion when

the marginal artery was small and the inferior mesenteric vessels

were tied at their origin.
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SPREAD OF TUMOUR, (cont) .

SPREAD BX LYMPHATICS, (cont).

This additional resection was not necessary for palliation or

where increased time of operation or blood loss might increase the

morbidity in an old patient. Extending the resection, in this

way, would allow of complete removal of the lymph area and also

permit high ligation of the vessels. In the left colon, this

increase in resection, had the advantage of bringing the

anastomosis within reach of a sigmoidoscope, for follow- up

purposes.

SPREAD BX BLOOD VESSELS.

This method of tumour dissemination has been neglected in

recent years end, as Cole rightly reflects, 'vascular spread

kills'. (Cole et al., 1962).

Tumour cells enter the blood stream by invasion and by

intravasation; the latter has only been appreciated in the last

decade. Grinnell, (1950, 1953)» records a 33$ incidence of

venous involvement at microscopy and that, where this was present,

the five year survival was 37$ as compared with 75$ in patients

where no venous invasion was found. Other reports record

venous infiltration in up to 57$. (Eagell, 1955; Moore at al.,

1957; Roberts at al,, 1958; Fletcher et al., 1959)»



TUMOUR SHtEAl).(eont).

It has been recently appreciated that intravasation is of vital

importance in the spread of tumour and three factors are necessary

for this to occur.

1. An anatomical defect in the vessel.

2. Disruption of the parenchyma of the tissue.

3. a rise in the extrevaecular pressure.

In carcinoma of the colon, all these factors- re out?-,rued.

The capillary plexus is thin welled and therefore tne intravascular

pressure is low. The vessels are tenuous and easily damaged with

small haemoriliages increasing the pressure within the tumour.

Tumour cells are characteristically easily separated. Further,

medical and surgical techniques can increase the entrance of cells

into the vessels by manipulation, biopsy or injection. (Diagram 12)i
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SHOsAD 0¥ TUnOUxt.(cont) .

DIAGRAM 12.

INlKAVASAfclGfl.

V

MODES OF SPREAD

1. Veins

2. Lymph glands
3. Invasion

4. Intraluminal

5. Implantation
6. Intravasation



TUMOUR SPREAD. ( cont) .

It is also well established that, in obstruction from

carcinoma of the colon, the five year survival is half that of

patients who do not have an obstructing lesion, (wilder et al.,

I96l; Ulwin, 1962). In the review period only 3 of 35 patients

with obstruction were alive at the end of five years.

In obstruction, the bowel wall is hypertrophied proximal to

the tumour, peristalsis is vigorous with resultant increase in

extravascular pressure and damage can occur to both the tumour and

tire capillary plexus. Considerable emphasis is now being placed

on this method of tumour dissemination in breast tumours end,

obviously, it is just as relevant in tumours in other sited,

such as the colon.

The tumour cells, having entered the blood, are transported

in the circulation. Cole reports 27$ positive blood cytology

in curable patients and 40$ in patients where palliation is only

possible. There is ample evidence to show that surgical

procedures increase the number of cells in the peripheral blood.

(Tuinbull, 1963). The significance of clumps of cells in the

peripheral blood is established ana there is a direct relationship

between their presence and the prognosis. (Roberts et al., I96l)»

In view of these facts, it was determined to minimise

preoperative and operative handling of the lesion and to ligate

the vessels early in the surgical procedure. (Fisher et al., 1965) >

The site of ligation required consideration and the optimal level

chosen was as high as possible, to prevent venous dissemination,

^Grinnell, 1952; Morgan, 1959; Child, 1959). This procedure

has been shown to reduce the number of tumour cells in the

peripheral blood.
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TUNOUR SHtfiAD. (coat) .

SfHfcAD BX IMFLAWTAI'IOM.

Gersten, (1885), compareci cancer cells to bacteria in their

power of causing disease and it lias taken nearly eighty years for

the significance of this statement to be appreciated by surgeons.

No attempt, in many centres, is made to prevent dissemination

and this was true of the western General Hospital in the period of

the review.

I. Spontaneous implantation.

This occurs when the tumour has spread to the serosal surface

or when a vessel is eroded by the tumour. This is in the nature

of the disease end surgery can do nothing to prevent it, unless

the patients can receive treatment before such dissemination naa

occurred.

Many of the clusters of cells cie but to a less degree than in

the peripheral blood, (Cole atel., 1962), possibil$ because the

cells are inlarge numbers enci are lying in the protein rich

peritoneal fluid. cole also reports free cells in the peritoneal

fluid in 2% of curative resections and in 47^ of the- patients

where palliation is the only treatment.

These cells are potential sources of recurrence and their

nur/ber should not be increased by surgical procedures and any that

are present must be destroyed, it has been hoped that a tumour

specific antindtotic agent would be found for carcinoma of tile

colon but this has not been produced. However, some drugs are

available that are cytotoxic and can destroy free tumour cells but

not those seedlings that are established.
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TUMOUR SiliEAU. (cont)

personal experience, in the treatment of metastatic seedlings,

has been disappointing. a series of 24 patients with palpable

tumour nodules or recurrence of tumour were treated with thiotepa,

in repeated courses with 300mg of "the drug. In two patients

there was a temporary objective response but there was considerable

general toxicity, as well as bone marrow depression,

2. implantation at operation,

Ryall, (1907), recorded the fact that the tumour cells can

implant on freshly abraided tissue but it was quite a few years

before this knowledge was applied to surgical problems. smith

et al., (I95S), found that 26$ of patients, receiving a curative

resection, had positive peritoneal cytology at the end of the

operation. Cytology, at the start of the operation, had been

negative,

Smith also recorded that local recurrence and wound recurrence

were twice as common when the peritoneal cytology was positive.

Thus, it was concluded tha& the standard procedures, in the

Western General Hospital, would have to be modified to reduce

implantation at operation,

3. Anastomotic recurrence.

Recurrence, at the anastomosis, has been recorded at between

IO/j end 20$?i prior to the introduction of measures aimed at

preventing this complication, (cole, 1952, 1954, 1955; Morgan,

1950; Goligher, 1958). This is due to implantation of cells
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TUMOUR SPREAD, (cont).

on the healing anastomosis; these tumour cells had previously

been shed from the mucosal surface of the tumour and were lying

free in the lumen of the bowel.

Cytology studies, after resection, have shown positive

results for tumour in 4256 of specimens from the proximal bowel and

in 65?o of specimens from the distal bowel. (Cole,l962
This number can be reduced by ligature of the bowel, above and

below the tumour, at an early stage of the operation. ( Cole et al.

1955; McGrew et al., 1954)# It is interesting to conjecture

on the effect of the preoperative mechanical bowel preparation

which must break off a large number of cells from the surface of

the tumour. However, there are no abraided areas at this stage

in treatment and that ligature of the bowel con prevent

implantation, in the anastomosis, it can not be significant.

Another factor, in the incidence of anastomotic recurrence,

is the use of powerful antibiotics in the preoperative period.

This was first reported by vink, (1954), who showed that the more

successful the bowel sterilisation, the greater the number of

viable tumour cells found in the bowel, following resection with

an increase in the risk of recurrent tumour.

This work was confirmed by cohn, experimentally and clinically,

| Cohn, I960, I96l), although Herter et al., (1962) have some

evidence to the contrary in an experimental study.

The first part of this thesis has described a highly effective

method of bowel sterilisation and, thus, precautions would have

to be taken to minimise anastomotic recurrence.
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CONCLUSIONS ON CONSIDERATION 01' TUkOUh SftiEAD.

1. Recurrence of tumour was frequent in the review period and ,

following a reconsideration of the factors responsible, several

changes of procedure were instituted in the manag ^ent of the

patients.

2. The length of colon, to be resecteu, in tire transverse ana

left colon was to be increased in patients receiving a curative

operation. The intention was to remove the lymphatic field,

3. Preoperative handling of the abdomen was to be restricteu to

a minimum , to prevent dissemination of tun,our through the

various channels that neve been described.

4. Certain preventive measures were to be taken during trie

operation ana this would follow a set pattern, as far as possiole.

a) The skin towels were to be attached to tire peritoneum,

thereby acting as a barrier to tumour implantation in the wound.

Ideally, the towels should be dry and non-porous. This had been

shown to be effective by several authors. (Lewrie, 1906;

Connor, 1944; Smith et al., I95&; Sonneland, 1959.)

b) The liver and tire abdomen was to be explored for metastases

before manipulation of tire tumour and then packed off from the

operative field. This was to prevent tire transfer of the tumour

cells to these areas of the peritoneal cavity by the«fussy hands'

of tire surgical team.
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4.c). The tumour was to be manipulated gently, through a swab,

in order to detect operability. This would reduce Hie number of

malignant cells transposed onto the gloved hands and would also

reduce fragmentation of the tumour and possibly intravasation.

(Swinton, 1956; pomeranz, etal., 1955).

d) The bowel was to be ligatured, above and below the tumour,

to prevent intraluminal dissemination of cells.

e).The appropriate vessels were to be tied as early as possible

in the operation and at the highest level consistent with an

adequate circulation to the anastomosis.
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ANTIMITOTIC AGfclWTS.

It was considered that the foregoing principles would reduce

tiie number of tumour cells that were freed by the management of the

patient but they could not be expected to be an absolute safeguard.

Morgan, (l950)» had shown that recurrence at the anastomosis in

the left colon could be reduced from 21 i to I;5$ by lavage of the

bowel with perchloride of mercury, prior to completion of the

anastomosis. Goligher, (1958), recorded a similar reduction from

11.4$ to 2$.

In 1957, the substance Chlorpactin XCB was introduced as a

cytotoxic agent for use in the wound, on swabs end packs, in

the peritoneum and in the lumen of the bowel. This drug is a

monoxychlorosine and a non-nitrogen bound derivative of nypochlorous

acid. This substance results in oxychlorination with the resultant

death of free tumour cells. The use of Chlorpactin was later

reported by Gleicmen et al., (l958)» showing a reduction in local

and anastomotic recurrence from 17.9$ to 2.5$. Other authors

have subsequently confirmed the value of chemical cytotoxic agents,

as adjuvants to precautionary measures. (collier et al., 1959).

Cole, in various papers, suggested thai; this drug was second

only to the nitrogen musteres in its cytotoxic value but tne latter

was toxic to normal tissues.

Chlorpactin was used in the West in General Hospital, in Has

way from 1957. This was expensive but such expenditure was

justified if recurrent tumour could be minimised.
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Later work, (Maccionald et al., 1959, I9C0; Cohn, 1961),

revealed that chlorpactin had to be used in a 2% solution to be

effective and, at this concentration, toxicity to normal tissues

became apparent. Thus in i960, in the western General Hospital,

the use of this substance was discontinued and was replaced by

0.5$ sodium hypochlorite. This was not only cheap but was also

without toxicity to normal tissues at this concentration.

Mac donald, (196I), confirmed the value of this procedure but

considered that the action of sodium hypochlorite was optimal at

pH 9, although effective at other pH levels.

The procedure adopted at the western General Hospital was to

use this agent in tire following ways;

1, All swabs, side towels and packs were to be soaked in the

solution.

2, Hand bowls were to be filled with hypochlorite solution for

rinsing gloves and instruments which were possible vectors of

tumour cells.

3. 50ffil of tlie solution were to be injected into the bowel,

proximal and distal to the occluding ligatures whicn have

been described. It was considered that this was cleaner

than open lavage of the anastomosis and also tire solution

would be lying in the bowel for almost the whole length of the

operation.

4. The peritoneal cavity and the wound were to be lavaged at the

end of the operation with hypochlorite.
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ALKYLATING LtiUGS.

The discussion, so far, has detailed various methods of

limiting tumour spread, at the tiiae of the operation. However,

one point has not received sufficient attention and that is, the

problem of tumour cells that have been liberated into the blood

stream despite ell the precautions.

Cole, (1962), suggested that some substance might be given

into the circulation which would destroy free circulating cells.

These cells can enter the portal circulation and, thereafter,

find their way into the systemic circulation. Alternatively,

they may reach the blood stream via the lymphatic system.

Cole, (1962) , decided tnat the nitrogen mustard eroup of

drugs were the most effective agents, for this purpose, available

at that time. The total dose suggested was 0.4«g/kilo of bony

weight and the schedule recommended is given in table 91.

TABLE 51.

SCELULE - NIThOGEN MUSTAKL THEEAPX,

LAY OF OPERATION 1/6 of dose into a systemic vein.

1/6 " " " " portal vein

1/6 " " " " peritoneum

LAY I

LAX 2

1/4 " " " " eystemiv vein

1/4 " " " " systemic vein
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ANTIMITOTIC AGENTS.(cont) ,

This technique was used, in the Western General Hospital,

from 1957 - 1959 using mustine in the first year and thereafter

thiotepa as the latter drug had proved to be less toxic.

After 1959, there were reports of cardiac arrest following

intravenous administration of nitrogen mustards. In the series

of patients, receiving thiotepa at the Western, there was one

instance of cardiac arrest. This was a patient with a carcinoma

of the rectum who had a palliative abdominoperineal resection.

He was receiving postoperative maintenance thiotepa and collapsed

after an intravenous injection of IOmg of thiotepa. He died

despite cardiac massage and no other cause was found to explain

this sudden collapse.

Another difficulty was found in the schedule outlined in Table

51 and this was in the intraportal injection of thiotepa. This

was quite difficult, technically, and sometimes the vein went

into acute spasm, with the possible complication of venpus

occlusion.

Thiotepa was being used in various pathological conditions

and research indicated that the drug was detoxocated in the liver

in about ten minutes. Thus, the drug would be cytocidal to

those cells undergoing mitoses at the time of injection. A more

prolonged effect was necessary and it was considered that the total

dose of the drug could be administered into the peritoneal cavity.
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This tatrioa was adopted , as a routine, in i960. A fine

cannula, similar to the ene used for the antibiotics, was left

through the abdominal wound at the end of tire operation. G.4r&fe/k

of thiotepa was injected through the catheter, after having been

diluted in 20CP1 of saline. The cennula was withdrawn before

the final dressing was applied.

Cole, (1962), reported the results of using this agent and

suggested that it was not effective end indicated that some other

substance was necessary.
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CONCLUSIONS.

1. Precautions , against tumour dissemination, are essential in

colonic surgery for carcinoma.

2. 0.5/o sodium hypochlorite was selected as a suitable chemical

cytotoxic agent to be used as an adjunct to precautionary

measures.

3. Thiotepa was initially chosen as the alkylating agent to contro

tumour cells liberated at operation and was administered into

tile general peritoneal cavity.

4. Table 52 summarises the antimitotic practice in use at the

"Western General Hospital, at the time of this study.

•

. TABLE 52.

MODE OF TUMOUR SPREAD. MODE OF CONTROL.

PRECAUTIONS CHEMICAL ALKYLATING

Invasion Yes No No

Intravasation Yes No No

Lymphatic spread Yes No Yes

Blood spread Yes No Yes

Implantation - wound Yes Yes No

Implantation - anastomosis Yes Yes No

Implantation - peritoneal Yes Yes Yes.
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It wss essential that the patients were followed up carefully

in order to assess the results of the procedures that had been

introduced. The patients were seen regularly at the outpatient

clinic, with enquiry into symptoms and careful clinical examination

including rectal examination and routine blood tests.

The weight of the patient was reoorded at each visit and

sigmoidoscopy was performed, in those patients with an anastouosis

within reach of this instrument.

Routine barium enema examination wea ordered when the

anastomosis was beyond the reach of the sigmoidoscopy. This was

supplemented, on occasions, with a double contrast enema or by

barium meal and follow through when there was any difficulty in the

interpretation of the enema.

In tiie few instances where the patient had left the area and

could not report to the v/estem General Hospital, resource was

aaue to the General practitioner wiio was contacted and asked to

fill in a report.
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RESULTS.

OWE YEAR SURVIVAL

In the initial review, prior to the introduction of antimitotic

precautions, 57.5$ of all patients receiving operation died

within twelve months from recurrence of tumour. Since 1956

32.3$$ have survived one year.
/

Several factors could influence these results -

1. Age distribution of the two series.

2. The site of the tumour.

3. The resectability rate.

It must be emphasised that there was no change in the definition

of curative and palliative procedures.

AGE DISTRIBUTION.

Table 53 show3 the age of the patients in the two series.

This reveals a marked similarity with a slight shift to the older

patient iji the more recent group of patients. 39.4$ of this

group were more than 70 years as compared with 35.4$; both the

figures are considerably greater than those in other series which

have been published,e.g., Gilchrist, (1959)» 27$*
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RESULTS. ( cont) .

age distribution.

table 53

AGE 1949- 1956 aeriea. l9b/-I9oseries.

20-29 4 0

30-39 4 9

40-49 12 15

50-59 25 40

60-69 39 43

70-79 35 55

ao-89 II 14

90-99 0 I

222AL X2L 122

site of tukour.

TABLE 54

SITE 1949- 1956 series I957-I963s$rieaf

Caecuia 14 28

Ascending colon ia 26

Hepatic flexure 5 4

Transverse colon 8 9

Splenic flexure 4 9

Descending colon 15 14

pelvic colon 64 87

? 2 0

total 130 177
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RESULTS. ( cent) .

SITE OE TUEOUR < ( cox it) .

The fibres siiown in Table 54 are quite similar but with a

alight increase in the tumours of the right colon. 24.6$ of tne

tumours were in the right side in the initial series as compared

with 30.5$ is the core recent series.

RESECTABILITY.

in consideration of this problem, the definition of

resectability was found to be different in the various writings on

this subject. It referred, in some papers, to the percentage

of toe whole series whereas, in others, only to those patients

receiving operation. The figures illustrated in T«hle 55 refer

to the percentage of the whole series whether operation was

performed or not.

table 55

RESECTABILITY.

REVIEW PERIOD i94&-i956 57$

65$

6l.2$

63$

70.3$

74.7$

ST$

SECOWi) SERIES 1957-1963

COLLIER et al., 1956

SWINTON 1956

griii'in et al., 1956

BERK et el., 1962

hughes 1963

There has been no significant change in the western General

and one must presume that these other centres are seeing a different

group of patients.



146

RESULTS.(cont).

ONE YEaR SURVIVAL. (cont) .

Since the introduction of the principles of prevention of

recurrence of tumour, there has only been one death within twelve

months of the operation following survival from a curative

resection. (59 out of 60 patients survived). This is a

marked improvement when compared with 29 of 53 patients in the

review period.

FIVE YEaR SURVIVAL.

19 out of a possible 52 patients, receiving a curative

resection,survived five years as compared with 34.5^> in the

review period; an improvement of 25$. Furthermore, 20 out of

a possible 79 of the total series ( 25.3^) survived five years.

These figures are more in keeping with the results presented

int the literature, but still fall below the very best reports*

(Table 56)«

TABLE 56.

FIVE YEAR SURVIVAL.

ALL PATIENTS. CURATIVE RESECTION.

REVIEW PERIOD 16.3^ 34.8^

1957-1960 25.3 59.4

Mayo et al; 1941 57

de Peyster et al;l959 55

Berk et el; 1962 35 6o

Hughes 1963 44 78.8
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It must be admitted that conaiderable patience is required to

adhere, rigidly, to the treatment policy that has been outline*,

and, in some patients the precautions were incomplete. It is

believed that the more exactly that this plan is followed the

greater will be the improvement in the results of treatment.

It was considered that, irrespective of these additional

therapeutic measures, the pathology of tne tumours might have

been different in the two series of patients .
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PATHOLOGY.

The pathological reports of all the specimens of colon were

reviewed with the aid of the Pathological Department of the

Western General Hospital.

There wg3 great difficulty in the interpretation of these

descriptions; different pathologists and different terminology

were obvious hazards. There was no means of knowing if there

had been a dilligent search for lymph glands or if they had all had

histological sections examined.

It was intended to compare the operative findings with the

pathological findings but this proved of dubious value in relation

to lymphatic involvement.

An attempt was made to group tire specimens into the Duke's

classification, -

A. - Tumour not through the serosa and no glandular involvement.

B. - Tumour through the wall to serosa or mesocolon.

CI» - Glandular involvement close to the colon.

C2. - Glandular involvement to the highest resected gland.

There had been no system of classification used in the reports

from the various pathologists.

Table 57 shows the distribution of the tumours in the two

series of patients. It will be seen that the more recent series

had I0$£ less in the localised tumour groups. ( A & B) .
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I957-I*>4

2iy>

36.1

33.3

7.6

The pathological grading was compared with the surgeon•s

opinion as to whether a curative resection was possible. It is

interesting to see that quite a proportion of the 'curative

resections' haa extensive histological spread of tumour. (Table 36)

TABLE 56

1957-1364

CLASoIrlCATIQh CUhnllVim nEmECTIQh PALLIATIVE

A 21 I

B 24 " 16

CI IS 16

C 2 3 5

The prognosis of the patients, in the different groups, was

assessed and this showed that -J in Group a» 3/5 in Group B»

3/10 in Group C I end none in Group C 2 survived five years.

Thus, the pathological stage in the recent series would be

likely to militate against an improved prognosis when compared

with the earlier series.

PATHQLOGX.(cont)

TABLE 57

PATHOLOGICAL STAGING.

CLAEoiiICATXON. I946LI957

A 30.1?fc

B 41

C I 26.5

C 2 2.4
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In the past and, one suspects, in the present it has not been

routine for patients receiving treatment for carcinoma of the colon

to be followed up regularly. This was certainly true in the

Western General Hospital and resulted in the patient being referred

back to the hospital at a late stage of the disease when, often

enough, nothing further could be done.

It is ideal to detect recurrence at an early date so that the

patient may be given the opportunity of further removal of tumour;

this may be a solitary recurrence or a second independent tumour,

Fletcher, (l959)j states that the best general rule is that

localised lesions occuring after 18/12 justify re-operation as it

is likely to be a solitary tumour. He also conments that

secondary procedures, before this time interval, are unrewarding.

There are several reports in the literature recording resection of

recurrent tumour with a reasonable five year survival rate.

Dunphy, (l959)» had 8 patients, surviving for more than four

years out of 15 patients with a second resection. Bacon, (l959)j

records 38 resections in 93 local recurrences and 15 of these

patients survived five years.

There is also the possibility of a second independent tumour

with an incidence of between 3 and 5$» (Thomas et al; 1948),

Tondreau, (1954) goes as far as saying that the prognosis of the

new lesion is far better than that of a recurrent lesion*



DIAGNOSIS 01' RECURRENT TUMOUR.

HISTORY.

Abdominal pain end change in bowel habit appeared to be

synonymous with the presence of tumour within the lumen of tne

bowel, in the form of recurrence or e secondary primary lesion.

The symptoms of general ill-health, weakness, anaemia and

loss of weight reflected a more widespread recurrence of disease.

EXAMINATION.

palpable masses in the wound were considered as en indication

for operation and, as will be seen later, it was difficult to

distinguish recurrence of tumour from a wound granuloma in

association with infection.

The presence of ascites or a pelpable liver was found in

patients where the recurrence of tumour was not detected early end

in such patients little could be done. It was founci that the use

of alkylating agents, mustine end thiotepe, had a minimal effect

and commonly caused a depression of morale and general health as

well ss trie more specific effect on the bone marrow.

Rectal examination was seldom helpful except for obtaining

faeces for testing for occult blood.

SIGMOIDOSCOPY•

This examination was ideal for patients who had en anastomosis

within tiie reach of the instrument. However, not infrequently,

visualisation of the anastomosis was not possible because of kinkiiig

and rigidity of the bowel.
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DIAGNOSIS OF hECURRENT TUMOUR.( oont) .

BARIUM ENEMA.

This examination was es; ential in toe follow up period, where

resection had been performed on the right or transverse colon ana,

also, in the left colon resection where sigmoidoscopy was difiicult

or impossible.

However, it was difiicult to aecice toe optimal time for such

an examination but it was felt that an early assessment of the

anastomosis would give a base line for future investigations.

This resulted in the surprising finding of small leeks of barium

from toe anastomosis into, presumably, abscess cavities which

had not given rise to any clinical signs or symptoms.

EXAMPLE.

J.K.. a male aired 52 veers, had a curative resection in three stages

for an obstructing carcinoma of the pelvic colon. He mace an

uninterrupted recovery from these procedures and had liis first

follow up barium enema at six weeks.

The films showed, (xray 8), a small cavity filling with

barium. Three months later, (xray 9), the cavity did not fill

but was represented by a little narrowing of toe lumen at this

site. One year later, (xray 10), toe radiological picture was

of a string stricture of the pelvic colon, suggesting recurrence

of tumour.

Repeated sigmoidoscopy and biopsy showed no evidence of tumour

and toe patient is alive and well seven years later.
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DIAGNOSIS OF RECURRENCE.(CONT).

X RAY 8

J .K.,BARIUM ENEMA SIX WEEES AITER RESECTION.
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DIAGNOSIS OF RECURRENCE^ con t) .

X RAT 9

j.k.,barium enema three months after resection.
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DIAGNOSIS OF K£3ClMiENCE.(cont) .

X.RAY 10.

BARIUM ENEMA ONE YEAR AFTER RESECTION.
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DIAGNOSIS OF- RECURRENCE. (cont) .

EXAMPLE 2.

W.G., a male aged 60 years, . , ,. , .' ' had a curative resection by right

hemicolectomy and six weeks later barium enema showed a large

filling defect at the anastomosis with a snail cavity, (xray II),

but by twelve months there was a smooth bilateral indentation, like

a string stricture. This was considered to be benign and the

patient was observed and is well six years later,

X RAl II

W.G., BARIUM ENEMA SIX WEciCS AFTER RESECTION,
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DIAGNOSIS QJb iH&URRENCE. (cont) .

X RAI 12.

W.O., BARIUM ENEMA TWELVE MONTHS AITER RESECTION.
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DIAGNOSIS OF RSCUKivSNCfi. (cont)

The occurrence of en early leak was seen in the films of four

of the first seven patients, in whom this serial examination was

carried out. The only value of this early examination would

appear to be the detection of the leak which, in time, was liable

to give rise to a string stricture filling defect.

However, this late development was not always present as

there was no deformity at the end of twelve months, in three of

ti^e patients.
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DIAGNOSIS OF KECUHiiH^CE. (coat)

BARIUM FUEHA FOLLOW UP.

Thirty nine patients have been followed up by barium enema

examination and, at a later date, twenty five appeared normal

but fourteen showed an abnormality.

One of tiie patients with a normal barium enema may have

developed a recurrence et the anastomosis.

M.W.. a female aged 66 years, presented with intestinal obstruction

and had an emergency transverse colostomy followed by an elective

resection and anastomosis of the pelvic colon.

At the time of the second operation there were mail nodules

in tiie liver, suggestive of metastases. The colostomy was

closed and the patient remained well for thirteen months when a

small lump appeared in tiie wound. Routine barium enemas during

this period were normal.

Laparotomy was performed in tiie hope of resection of a solit-

-ary wound recurrence but revealed tumour on tiie serosa near tiie

anastomosis and possibility of intramural tumour. Death occurr-

-ed, at home, six months later and no post mortem was obtained.

Abnormal barium examinations following resection.

Fourteen patients had an abnormal barium enema and five were

proven to be due to tumour. It has been suggested by verious

authors, (sharpe and Golden, 1950; Fleischer and Berenberg, 1957

Cxonquist, 1957;), that tiie radiological picture of tumour

recurrence was distinguishable from anastomotic fibrosis.
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DIAGNOSIS OF RECURRENCE. ( cont)

These authors state that, in tumour recurrence, there was an

unilateral indentation whereas, in benign stricture, the deforaity

was bilateral. In addition, the presence of gross irregularity

of the mucosal relief pattern end the lack of pliability suggested

malignancy.

The figures, Table 59, illustrate that our findings were very

similar.

TABLE 59

FOLLOW UP BARIUM ENHMA EXAMIMAl'IOH.

befqrmitx benign malignant total

bilateral indentation -smooth 8 ? i 9

bilateral- one side gross 0 2 2

unilateral 0 I I

folxp 0 I I

complete obstruction 0 i i

8 6 14

The following case extracts suEitnarise the various types of

presentation.

FIBROSIS

L.M.. a female sarad 36. had an anterior resection for carcinoma

of tiie colon with one secondary in the liver. nine months later

barium enema revealed the typical smooth bilateral indentation

associated with fibrosis. Sigmoidoscopy confirmed the lesion.

(xr»y 13)
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FIBROSIS OF AHASKMJSIS

L.H., female aged 36 years.
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DIAGNOSIS OF RECURtERCE.(eont) .

MALIGKaNT recurrence

T.C.. a male of 69 years. had a resection of pelvic colon for

a tumour associated with glandular involvement. Barium enema

examination, fifteen months later, for a mild change in bowel

habit revealed a bilateral stricture with gross deformity on one

side. There was irregularity of the mucosa and a degree of

rigidity. Laparotomy revealed local recurrence as well as

diffuse spread, (xray 14.)

x rax 14
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DIAGNOSIS OF RECURRENCE. ( eont) .

COMPARISON OF CLINICAL FINDINGS AND RADIOLOGICAL APPEARANCE.

Nine patients had the smooth bilateral indentation suggestive

of fibrosis and, of these, three had symptoms which were suspic-

-ious of recurrence of ttuaour.

J.B.. a female e&iea 47 years, had a Paul Mikulicz reseci,ion of tne

pelvic colon for a tumour causing obstruction and which was

slightly attached to the terminal ileum. The colostomy was closed

at a second operation. The patient remained well for one year

when she began to have attacks of abdominal pain, constipation and

spurious diarrhoea. Barium examination revealed a typical benign

stricture end, although sigmoidoscopy was difficult, biopsies

failed to reveal any tumour.

Laparotomy became necessary lor intestinal obstruction and

revealed a solitary secondary on the ileum whcih was causing the

obstruction. This was resected and the anastomosis of colon was

examined and found to be narrow but not malignant.

V.G.. a female a^ed 75 years, had a curative resection of the

pelvic colon. Six months later, she developed progressive large

bowel obstruction. sigmoidoscopy revealed a fibrous stenosis

and the barium Irac the typical appearance of a benign lesion.

Resection of the tumour revealed fibrosis only with no

malignant tissue and the patient remains well.
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DIAGNOSIS OF RECURRENCE. ( cont) .

F.i'LL.. a female acred 64 veers, had a curative resection of the

right colon and eleven months later developed en abscess in her

wound vhich discharged and became a faecel fistula.

This persisted and barium enema examination showeu a bilateral

indentation; resection was carried out of 8 mass of tissue which

was shown to be a granuloma with no eviaence of malignant tissue.

It is worthy of comment that six of these nine patients had had

a resection of the left colon with an anastomosis which should have

been within reach of the sigmoidoscope. In four only was the

area of the anastomosis seen and in none could it be passed through

the narrowed segment and was thus of limited value,

Five patients were shown to have malignant recurrence and four

had symptoms of abdominal pain and alteration of bowel habit.

Only one lesion was visualised with the siiiiaoidoscope although

three patients had a low anastomosis.

SUfeAhf

Symptoms and signs should always be considered as originating

from tumour recurrence until proved otherwise. The findings,

in this group of patients, suggest that the sigmoidoscope is of

limited value. Thus, barium enema is an essential part of the

follow up programme for patients who have had a resection of any

part of the colon.

The appearance of benign and malignant strictures have been

described but the differentiation should not be considered

absolute and laparotomy may be necessary in some patients.
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MAliAGEf'iENT OF HBCUKitENT TUEOUK.

A.RECUhi.ENCL AT TliE AhASTGKiQSlS.

A total of five patients have been seen with a solitary

recurrence at the anastomosis, following a curative resection.

Four of these patients received their initial operation in the

Western General Hospital.

W.S.. a Kale a%ed 54 years, was admitted as an emergency on 2lat

June 1957, with a one week history of intestinal obstruction.

A right hemicolectomy was carried out and, at operation, there was

no evidence of metastases. The pathological report showed that

the tumour was fairly well differentiated with involvement of the

paracolic glands. (Duke's classification -CI). postoperative

recovery was stormy and there was partial disruption of his wound.

Follow up was complete and the early barium enema was reported

as normal, (Xray 16), but in retrospect tirere is some deformity

of the anastomosis.

Twenty one months later, he was admitted with recurrent

attacks of abdominal pain. Xray examination was again reported

as normal and no masses could be felt through the large incisional

hernia. Blood and stool examination was negative end the

diagnosis of adhesions was made.

Three months later, the barium showed a definite recurrence

at the anastomosis which was confirmed at laparotomy and reeected.

The patient survived for a further nineteen months before

deteriorating and dying from recurrent tuuour. ( Xray 17)•
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management of HEx.UHi.ENT tumour (cont).

X HAT J6

barium enema - hepohteu normal

W.S.. male e#ed 54 .years.
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tUffOBUf OF RECURRtM' fUNOUR (oont).

X HAi17

BARIUM ENEMA - RECURRENT TUMOUR 21 saonths.

W.S.. male aged 54 yeara.
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MAHaGEMENT 01' kecukkent tuhqur.(cont)

RECUKHEuCE AT THE AWASJOMOSIS.Coont) .

This patient emphasises two points; firstly, the X-rays naa

not been interpreted correctly end secondly, symptoms had been

escribed to adhesions rather than presuming thet the cause was

recurrent tumour.

A second look, at an earlier stage, might have been helpful

in detecting the recurrence with the possibility of en improved

prognosis.

E.ih. e female aged 7I years. Was admittea with a three months

history of abdominal pain, diarrhoea and. loss of weight. A

tuuiour was found et Ibcm and an anterior resection was carried, out

with a proximal colostomy. There were no distant metastases

at operation but there was some doubt about glaudular involvement.

The pathological report revealed a well differentiated tumour

involving the intermediate glands.

The colostomy was closed and the patient remained well for

twenty months when she began to complain of pain in the left

hypochondrium. unfortunately, the patient failed to attend and

when she was traced three months later, sigmoidoscopy ana barium

enema showed a recurrence of tumour at the anastomosis.

Laparotomy confirmed the recurrence and the pelvis was frozen

with tuiaour and e palliative colostomy was made. The patient

died three months later.

This series of events emphasises the importance of regular

follow up and highlights the difficulty in deciding the frequency

of return visits.
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MANAGEMENT OF RECURRENT TUMOUR. (cont) .

RECURRENCE AT THE ANASTOMOSIS. ( coat) .

S.Mcc.. a female a,,ed 6q years, was admitted oil bth July , I9bb,

with a one year history of alternating bowel habit and loss of

weight. Barium examina ion, in an other hospital, was reported

as showing no abnormality. on admission, her haemoglobin was

and sigmoidoscopy revealed a carcinoma which was confirmed

on barium examination. a curative resection was carried out

with a proximal colostomy.

post-operatively, she remained well for two years when she

reported with bleeding per rectum and a change in bowel habit.

Examination confirmed the reucrrence at the anastomosis but, at

operation, the pelvis was frozen with tumour and nothing could

be done and the patient died two mouths later.

This case was disappointing in that follow up iiad been good

and the recurrence looked very localised until the abdomen was

opened and it was considered that there was both an anastomotic

recurrence and seedlings in the pelvis.

It .!•/.. a male aged 97 years, was admitted on 1st November i960

with a previous history of having an emergency ceecostomy,

followed by resection and anastomosis for carcinoma of the pelvic

colon. He was referred to the v/estern General Hospital three

years later, complaining of pain in his caeoostomy scar.

Barium enema examination revealed a carcinoma of the caecum

and a carcinoma of the pelvic colon.
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MANAGEMENT OF RECURRENT TUMOUR.(cont) 4

RECURRENCE AT THE ANASTOMOSIS.(cont).

A total colectomy was carried out in two stages; the first

stage was an ileostomy, colectomy and exteriorisation of the

rectal stump. The second stage was an abdominoperineal resection

The patient remains alive ana well with no evidence of recurrence

of tumour.

The possibility is that there was implantation both in his

caecostomy and hie anastomosis, although this could be an example

of a multicentric origin of tumour.

J.R., a male aged 6q years, was admitted on l6th of September, .

I95S, with a three day history of moderately severe rectal

bleeding. clinical examination and sigmoidoscopy revealed no

abnormality but barium enema suggested a tumour of the pelvic colon,

Resection and anastomosis was performed for a tumour which was

found to be a malignant villous adenocarcinoma.

The patient remained well until October, 1962, when sigmoid¬

oscopy revealed a recurrent tumour despite the absence of any

clinical symptoms or signs.

Resection was possible and the patient remains well.

COMMENT ON ANASTOMOTIC RECURRENCE.

Table 60 summarises the details of these five patients with

recurrent tumour in the region of the anastomosis. The fact

that only three recurrences were resectable illustrates how vital

is a high degree of vigilance in the follow up period.
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TABLE 6Q

ANASTOMOSIS & RECURRENCE.

PRIMARY OPERATION .DIAGNOSIS OF RECURRENCE TREATMENT SURVIVAL

1957 26/12 Resection 19/12

1957 30/12 Resection Alive

1958 24/12 Laparotomy 6/i2

1959 19/12 Laparotomy 2/12

1959 36/l2 Resection Alive

These figures confirm the statement of Fletcher, (1959), that

tlie later the appearance of the recurrence the better the prognosis,

The effort of careful follow up is justified if such a reasonable

survival can be offered after the second resection.

The incidence of recurrence in the patients, receiving resec-

-tion at the Western General Hospital, was 4/53 or 7.5?S. This

is still an unsatisfactory figure but several facts must be borne

in mind.

In the first place, these patients were in the early part of

the series before the surgeons, responsible for the operations,

were fully convinced of the validity of the theory of prevention

of recurrence of tumour. This is fully supported by the operation

notes which foiled to reveal that strict precautions were taken

against tumour dissemination.

It is of interest that two of the four patients presented with

obstruction and had emergency surgery where the full regime was

not possible.
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MANAGEMENT OF RECURRENCE.(cont) .

The time of detection of the recurrence varied from nineteen

months to three years and, thus, further patients with recurience

would have been expected if the incidence had remained the seine.

In fact, no recurrence has been seen at the anastomosis in patients

receiving their curative resection since 1959.

TilE PROBLEM OF FIBROUS STRICTURE.

The difficulty in differentiating tumour recurrence from fibrosis

has already been discussed, in regard to follow up baxium enema

examination. The clinical data shows that the average time of

recognition of the changes, suggestive of fibrous stricture, was

twelve months as compared with twenty eight months for malignant

stricture.

Four patients required operation for the fibrous stricture.

Two patients pres nted with symptoms and signs of subacute

intestinal obstruction with colicky pain and constipation. One

patient proved to have a tight stricture but the other patient had

only slight nar:owing at the anastomosis with a solitary recurrence

on the small bowel, causing obstruction.

The third patient developed a change in bowel habit with some

diarrhoea but, at operation, this was found to be due to

narrowing at the anastomosis with kinking causing obstruction.

Unfortunately, this patient died in the postoperative period from

a pulmonary embolus.
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MANAGEMENT 01 RECURRENCE. ( cont) .

The fourth patient developed a persistent sinus in the

abdominal wound with the characteristic changes of fibrosis at toe

anastocosi3. Laparotomy revealed a granuloma with no evidence of

tumour.

The following table sunt arises the findings in tliis group of

SURVIVAL AFTER OPrluu'rON

Alive - 7 years.

Died - 3 years,

(Myocardial infarct).

Alive - 6 years.

Diea -embolus.

Alive -2 years.

Alive -l£ years.

Died -2 years.

(Recurrence small bowel)

Alive -ii years.

Alive -I year.

Although the radiological features are described as being typical

of benign narrowing of the anastomosis, this finding should not be

considered as exclusive of malignant disease. other proof is

necessary by biopsy, sigmoidoscopy or laparotomy if indicated.

patients. 1'ibrosis

Table 6i.

primary operation detection treatment

1957-curative.

I95B-curative.

6/12

IS/12

Observation

Observation

1958-curative. 3/12 Laparotomy

I96l-curative. 17/12 Resection

1962-curative. 27/12 Resection

1963-curative. 5/12 Resection

1963? palliative. 9/12 Laparotomy

1963-palliative. 13/12 Observation

1964-curative. 5/12 Observation
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B. WOUND RECURRENCE.

174

pour patients have developed a mass in the abdouonal wound,

following a curative resection, and this was considered to be a

recurience of tumour.

female a,..eo 4b years, was admitted on 9th March 1957 with

large intestinal obstruction of recent origin end e history of ill

health for less then three months. An emergency transverse

colostomy was made and, later, the patient had a resection end

enestomosis of the pelvic colon.

This was considered to be a curative resection but trie

pathological examination revealed a fairly well differentiated

tumour with lymphatic involvement as high as the level of ligation

of the vessels. The colostomy was closed at a third operation.

The patient remained well for fourteen months when a mass was

found in her wound. This mass was excised with a rim of normal

tissue but, on opening the peritoneal cavity, tumour seedlings

were found in the neighbourhood of the wound.

pour months later, e mass was palpable in the liver and

ascites was present. The patient deteriorated and aied shortly

afterwards.

P.J.. a male egea 72 years, was admitted on 25th of Apxil 1956,

with bleeding per rectum and tiredness over a four mouth period.

Sigmoidoscopy revealed a tumour at Icicm, Resection and

anastomosis was carried out with a proximal colostomy which was

closed at a third stage.
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MMaGEMMBT OF RECUhiiENCE.(cont)

WOUND iiEOMxENCE. ( cont) .

The patient had a prolonged ileus, following resection, and

had a partial dehiscence of his wound which persisted as an

incisional hernia. The pathological report showed that the tumour

was well differentiated with invasion of the serosa, mesocolon and

lymph glands at the level of resection.

Eight months later, a mass was found in the wound, This was

excised but, at operation, there were multiple peritoneal

seedlings. He died fifteen months later from progress of the

disease,

E,l'i». a female a*ced 76 years, was admitted on 18th of January 1962,

with a one year history of diarrhoea and four months bre&thlessness

and anaemia. Investigation revealed the presence of a carcinoma

of the caecum which was treated by right hemicolectomy. This

procedure was considered to be curative although the histology

showed invasion of the mesocolon.

Twenty one months later, a mass was found in the wound. This

was presumed to be a local recurrence of tumour but, owing to the

poor general condition of the patient, operation was not advised.

The mass has gradually increased in size but the patient has not

deteriorated up to ten months after the detection of the mass,

J,V,. a female aged 6I years, was admitted in November i960, with

four months history of lower abdominal pain and constipation;

investigation revealed a carcinoma of the ascending colon, which

was treated by right hemicolectomy.
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WOUND RECURRENCE. ( cont) .

In January 1962, the patient developed a stage I carcinoma

of tiie breast which was treated by simple mastectomy and

rediotherapy. Tiiree years after her colonic operetion, a mess

wes found in her abaominal wound. This was excised and found to

be a stitch granuloma with no evidence of tumour.

The details of these patients are summarised in Table 62.

table 62.

WOUND RECURRENCE.

FnlEiiRi OPERATION TIME OR DETECTION TREATMENT

1957 14/12 EPccision

1956 16/12 Excision

i960

1962

36/12

21/12

Excision

(Granuloma)

Observation

SURVIVAL

7/12

15/12

alive

alive

(Mass present

COGENT.

There had been multiple operations, in the first two patients,

ana wound recurrence was associated with peritoneal seedlings

suggestive of diffuse implantation of tumour.

No opinion can be given, on these figures, as to the value

of surgery for wound recurrence which seems to coexist with

peritoneal seedlings. No long term survival was obtained.
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MANAGEMENT OF RECURRENCE.(cont)

C. OTHER SOLITARY RECURRENCE OF TUMOUR.

Implantation of malignant cells could occur at sites otiier than

those already described and, in our series, four patients have

developed solitary recurrent nodulea of tumour.

R.L.. a male e&;ed 63 years, had a curative resection for a

carcinoma of the transverse colon in June 1957. The pathology

showed a well differentiated adenocarcinoma infiltrating through

the bowel well but with no lymphatic involvement.

He developed intestinal obstruction, in the postoperative

period, and laparotomy revealed that there had been a leak from

Hie anastomosis. A colostomy was made and was closed several

weeks later.

In February I95&, he was admitted with small bowel obstruction

and, at operation, there was en ileal volvulus around an adhesion.

There was no evidence of recurrence of tumour at this $ime.

One year later, he war; found to have a small inguinal hernia

in which there was a palpable nodule. Rectal examination

suggested that there was a small mess in the pelvis. operation

revealed a 2cm tumour in the hernial sac and a similar nodule in

the pelvic peritoneum. There was no other visible metastases in

the abdominal cavity and the nodules were excised.
\

He died 41 months later , at home, and had been well until

e few weeks before his death. It was presumed that the cause of

his death was further recurrence of tumour.
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MANAGEMENT OF RECURRENCE.(cont)

OTHER SOLITARY RECURRENCE OF TUMOUR, (cont)

This patient had a tuiaour which was microscopically tiirough to

the serosa and was a potential source of tuiaour seedlings.

Further, the multiple operations may have played a part in opening

up tissue planes and liberating cells capable of implantation.

G.B.. a male aged 41. was admitted on 2nd of October 1999, with

a seventeen year history of intermittent attacks of diarrhoea.

He had developed abdominal colic five weeks prior to admission.

Examination revealed a mass in the right iliac fossa and the barium

enema showed a colitis on the right side only.

At operation, a rounded mass was found in the caecum,

elongating into the ascending colon. It was considered to be a

granuloma and a right hemicolectomy was carried out. The

pathology report revealed ulcerative colitis with a poorly

differentiated adenocarcinoma with local involvement of the lymph

glands.

He remained well for 26 months when he developed dyspepsia;

barium meal suggested duodenal deformity and medical treatment for

a duodenal ulcer was advised.

This therapy produced no improvement and in August, (1962),

he was found to have more severe symptoms and laparotomy was

performed. a three centimetre mass was found on tire head of

the pancreas causing partial obstruction of the duodenum. This

was biopsied and was shown to be a metastases from colonic carcinoma.

The patient died in Hie postoperative period from a pulmonary

eKbolus and, at post mortem examination, there were no other

metastases.
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management of recurrence. (cont).

OTHER SOLITARY RECURRENCE OF TUMOUR.(cont).

J.W.. a female aaed b5 years, was admitted on I7th September I9b2,

with a history of one year of abdominal pain, constipation, loss

of weight and intermittent bleeding per rectum. on examination

there was a tender mass in the left iliac fossa and barium enema

showed a tumour of the pelvic colon.

A curative resection was carried out and the pathology report

revealed that the tumour hao spread into the mesocolon but there

was no glandular involvement.

The patient remained well for sixteen months when she complained

of pain in her right forefoot. X-ray showed destruction of the

second metatarsal and biopsy confirmed a metastatic tumour.

Radiotherapy was given without any effect and a mid-thigh

amputation carried out.

Three months later, a mass appeared on the left scapula but

with no radiological change in the bone. The first biopsy was

negative but full exploration confirmed a mass adherent to the

scapula. This was excised but the patient developed multiple

pulmonary metastases and died.

At post-mortem examination, there were no abdominal metastases

and one presumes that tiiis unusual spread represents recurrence

of tumour by blood dissemination.
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MANAGEMENT OF RECURRENCE. ( cont) .

OTHER SOLITARY RECURRENCE, (cont) .

J.P.. a mala aged 57 years, has already been discussed in the

description of recurrence at the anastomosis and is included here

because the recurrence was found between the bladder and the bowel.

There was some doubt as to Hie origin of this mass which could

have been a seedling in the pelvis or in the anastomosis.

TABLE 63.

OTHER SOLITARY RECURRENCE.

PRIMAKI OPERATION TIKE OF LETECTIOH SITE TREATMENT SURVIVAL

1957 20/12 Hernia Excision 41/12
Pelvis

1959 34/12 pancreas Biopsy Died
Gastroenterostomy

19b0 14/12 pelvis Laparotomy 0/12

1962 16/12 Metatarsal Nation 14/12

3/12 scapula Excision 11/12

COMMENT.

The problem of solitary recurrence persists and thus,

implantation of tumour cells must be prevented in a meticulous

manner. Six of the patients had recurrence from implantation

and the seventh, presumably, had blood borne metastases.
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MANAGEMENT OF RECURRENCE.(cont) .

SOLITARY RECURRENCE^ con t) .

The time interval, before diagnosis of recurrence in this

group, is similar to that in recurrence of trie tumour at the

anastomosis, between 14 months and 3 years.

Thirteen patients have been described with a solitary

recurrence of tumour and all, except two, occurred in patients in

the early part of the series. The first exception was the elderly

lady with the mass in her wound which has not been explored.

The other exception was the lady with blood borne metastases in

bone and soft tissues.

There is no doubt that early detection of this form of

recurrence permits further operation in some patients. The

figures suggest that a degree of prolongation of life is obtained

but this is not proved because of the small numbers. Nevertheless,

the impression is gained that the patients would have died much

more quickly from dissemination of tumour, if the second resection

had not been done.

It is essential to emphasise that antimitotic precautions

must be employed in this second operation because it would be

wrong to re-operate only to disseminate more tumour cells and

thereby cause an earlier demise.
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MANAGEMENT OF RECURRENCE, (cont)

G. GIFFUSE RECURRENCE.

There were two patients who died, from diffuse recurrence

following a curative resection.

J.H.« a male a&ed 75 years, was acinitted on 2nd March 1957, with

a six month history suggestive of carcinoma of the colon. one

mass was found in the right iliac fossa and barium enema suggested

a carcinoma of the hepatic flexure. A curative resection was

carried out in the form of a right hemicolectomy. The pathology

was a well differentiated carcinoma with involvement of the local

glands.

He was radically improved by this operation and was well until

August 1958 when he was admitted with intestinal obstruction.

Laparotomy revealed multiple metastases in the peritoneum in the

region of the anastomosis. Ah ileo-descending colostomy was

formed but the patient died a few weeks later.

S.R.. a female aged 76 years, was admitted on 24th April 1956,

with diarrhoea and abdominal pain for one year. Radiology

showed a carcinoma of the sigmoid colon and, at operation, a

left hemicolectomy was made with a proximal colostomy.

This was, clinically, a curative operation but the patholog-

-ical examination showed extension into the mesocolon by a well

differentiated carcinoma. The colostomy was closed three months

later.

Three years later, the patient died at home and the General

practitioner considered that she deteriorated from spread of the

disease.
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MANAGEMENT OR RECURRENCE.(cont)

These two patients were operated upon in the early part of the

series and no such recurrence has been seen since 1938; although

the majority of the local recurrences and the palliative procedures

terminated in diffuse spread.

Thus it would seem that we have achieved a more lengthy survival

by early detection of tumour recurrence and have limited early

diffuse recurrence.

Hili-iARX OPERATION TIME 01 DETECTION OPERATION SURVIVAL SITE

TABLE 64

DIITUSE RECURRENCE EOLLOWING CURATIVE RESECTION

1937 9/12

36/121958 Nil 2/12 Liver
peritoneum
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MANAGEMENT OF RECURRENCE.(cont)

CONCLUSIONS.

1. The later the appearance of the recurrence, the greater the

possibility that a worthwhile extension of life can be obtained by

further surgery. Qn such a small series, no exact figure can

be given but no patient, presenting with recurrence within

sixteen months of the original operation, survived for more than

one year. In contrast, those patients with a later appearance

of recurrence usually survived for more than two years.

2. wound recurrence said diffuse recurrence appeared earlier,

(9, 14, 16, 21 and 56 months), than solitary recurrence at the

anastomosis or elsewhere. (I9» 14, 16, 2q, 24, 26, 50,34 and 56

months.)

3. Surgical treatment of recurrent tumour would appear Justified

in the light of trie survival times that have been achieved.

4. The importance of careful follow up and detection of recurrence

after colon resection has been confirmed.

5. This series suggests that recurrence of tumour, after three

years is uncommon.
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TUMOUR SPREAD AND fROGROSIS.

CQNCJJUSIOfiS.

. Tumour recurrence rem ins a major problem in the treatment of

patients with carcinoma of the colon.

■
■

. The site of recurrence agrees with the known methods of tumour

dissemination.

. It is established that surgery can increase the risk of

recurrence, by encouraging the liberation of tumour cells.
.

4. precautions can be taken to limit this hazard.

5. These precautions can be supplemented by the use of antimitotic

agents.

6. careful follow up of patients with carcinoma of the colon is

essential and should include history, examination, rectal ana

sigmoidoscopical examination. Barium enema is usually necessary.

This permits the early detection of recurrence.

7. The methods, outlined above, have resulted in a marked reduction

in the appearance of diffuse and wound recurrence in the early

postoperative period.

8. These precautions have increased the five year survivel rate,

following curative resection from 34.8$ to 59.4$.
V

9. Surgical treatment of recurrent tumour is justified and a further

period of survival can be obtained.
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SUMMARY OF THESIS

A retrospective review of patients with carcinoma of the colon,

although incomplete, revealed two outstanding problems in the

management of the diseasej firstly, the high morbidity from

infection and secondly, the high incidence of early recurrence

of tumour.

This thesis details how each of these problems was investigated

and improvements instituted. The results purport to show thai

both dangers have been reduced , although they still exist.

Infection has been reduced from 4Q$ to 9.6^ end mortality

reduced from 14?; to 2.l°u This has been achieved by the

addition of selective bowel sterilisation to the other principles

of mechanical preparation, correct choice and technique of

operation. The method of administration of toe antibiotic

should be a combination of preoperative oral use and postoperative

intralundnal use, at first by an intraluminal tube and later by

mouth.

Tumour recurrence has been reduced by the practical application

of the knowledge of tumour spread, in the introduction of

precautions to limit surgical spread of cells. This has been

supplemented by the use of antimitotic agents. The five year

survival has been increased from 34.8/ to 59.4$ The appearance

of early recurrence has almost been eliminated; one patient has

died within twelve months following a curative resection as

compared with 14/33 in the review period.
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SUMMARY OF THESIS. (cont) ,

In the course of this study, several other minor problems have

been enoountered ana solutions have been described}

1. A method of selection of antibiotics for bowel sterilisation.

2. A method of introduction of a cannula into the bowel,

3. Improvements in the technique of barium enema examination in

the diagnosis of carcinoma of the colon.

4. The differentiation of tumour recurrence from anastomotic

fibrosis.

5. The value of surgery for recurrent tumour.
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