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Before the discovery of insulin, diabetes

mellitus was considered to be a very rare complic¬

ation of pregnancy and experienced obstetricians

could only claim to have seen one or two pregnant

diabetics in the course of many years. These

patients were rare, because in the young woman

diabetes was a grave disease which usually proved

fatal within three or four years of its onset and

which often rendered the patient infertile during

its course. As a result, there.were relatively

few women of childbearing age who suffered from

diabetes and many of those who did were sterile.

When pregnancy was complicated by diabetes, the

maternal mortality rate was approximately 25$ and

diabetic coma was the most common cause of death.

In addition there was a high foetal mortality rate

which amounted to 50$ in several series of cases.

The introduction of insulin has led to a great

increase in the number of pregnant diabetics, so

that any large maternity hospital now makes special

provision for their care. This increase is the

result of two changes. In the first place, the

young diabetic woman may now expect to live for

fifteen or twenty years after the onset of the

disease /



6

disease and in consequence many more women of

reproductive age are diabetic; a factor which has

been accentuated by a concomitant increase in the

incidence of the disease. Secondly, the diabetic

woman who is well controlled with insulin is almost

as fertile as her non-diabetic sister and in con¬

sequence the population of young diabetic women

has increased in fecundity as well as in number.

At the same time, the use of insulin has led to a

great reduction in the maternal mortality rate,

which is now little more than in pregnancies which

are not complicated by diabetes. This is a

reflection of the fact that diabetic coma can be

prevented by intelligent treatment and rapidly

corrected if it should chance to arise. Despite

the improvement in the prognosis for the mother,

the foetal mortality rate has remained high, and

it is only within the past fifteen years that it

has fallen to a figure of between 15 and 25 per

cent- in clinics where a special interest is taken

in these cases; an improvement which cannot be

attributed solely to the use of insulin. In

fact, we may say with Allen (1939) that "we cannot

be greatly impressed by the foetal life-saving

properties of insulin."

At /
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At the present time, therefore, the pregnant

diabetic may expect to survive her pregnancy with¬

out grave risk to herself, provided that she is

well advised and co-operates intelligently with her

physician, but her chance of bearing a child which

will survive is less than it would be if she did

not have diabetes. As a result, much of the

attention of those who work in this field has been

directed to discovering the causes of foetal and

neonatal death and to devising means whereby these

accidents can be prevented. Abortion does not

present a serious threat to the success of the

diabetic pregnancy and the majority of the infant

deaths occur in late pregnancy or the neonatal

period. Stillbirth due to injury to the child in

the course of a difficult labour used to be common

because many of the infants of diabetic mothers

grow to an excessive size, but the incidence of

stillbirth has been much reduced by the practice

of premature delivery either by caesarean section

or by induction of labour. So, intrauterine death

which is most common after the thirty-fifth week of

pregnancy, and neonatal death remain the outstandin

causes of foetal loss and the chief problems in

diabetic pregnancies.

Until /



Until 1939 > it was commonly believed that the

overgrowth of the foetus was due to the transference

of large amounts of glucose across the placenta

from the maternal blood to the foetus and was,

consequently, a direct result of the maternal hyper-

glycaemia. It was also thought that death of the

foetus was more common in cases where, for one

reason or another, the maternal diabetes was poorly

controlled and in this respect ketosis was consid¬

ered to be a particularly dangerous complication,

quite apart from its obvious influence on the

mother herself. In 1939» Allen reported that

women who were destined to develop diabetes in

later years, that is "pre-diabetic" women, had an

obstetric history which was marred by a high foetal

loss and the birth of large babies. He showed

that such features, which had previously been

thought to be characteristic of diabetic pregnancy,

were to be found for as long as twenty years before

the onset of clinical diabetes. This finding,

which has been supported by many other workers,

makes it difficult to believe that maternal hyper-

glycaemia and uncontrolled diabetes play any imp¬

ortant part in the causation of the high foetal

mortality and the excessive growth of the foetus,

since the same troubles arise in the pre-diabetic

state /



state when the maternal carbohydrate metabolism is

apparently normal.

Since the recognition of the pre-diabetic state

with its abnormal obstetric history, many workers

have come to believe that the excessive growth of

the foetus, the subsequent development of the

maternal diabetes and the intrauterine death of the

foetus may all be due to an overproduction of growth

hormone by the maternal anterior pituitary. Al¬

though there are certain facts which support it,

this hypothesis remains to be proved.

Another attempt to account for the bad obstet¬

ric history of the diabetic woman started in 1933

when the Smiths, working in Boston, found that a

proportion of women suffering from pre-eclampsia

had a "hormonal imbalance", which was characterised

by excessive amounts of chorionic gonadotrophin in

both blood and urine and a low urinary excretion of

oestrogens. To this picture there was added, at

a later date, a low urinary excretion of pregnan¬

diol. The Smiths considered that this hormonal

imbalance was concerned in the aetiology of toxaemia

which is a common complication of diabetic preg¬

nancy. This work was extended by the Smiths and

by Priscilla White, whose experience of pregnancy

in /



in the diabetic is unrivalled. White believes

that hormonal imbalance, such as the Smiths have

described, is very common in the pregnant diabetic

and that it is a warning of the impending onset

of toxaemia and of danger to the foetus. She

claims that treatment of the mother with large dosejs

of stilboestrol and progesterone corrects the

hormonal imbalance, prevents the" onset of toxaemia

and improves the prognosis for the child. These

claims are based upon a comparison between a group

of 580 cases who were found to have hormonal imbal¬

ance, received stilboestrol and progesterone and

had a foetal mortality rate of 10$ j and a group

of 98 cases who had hormonal imbalance, but did

not receive stilboestrol and progesterone, and had

a foetal mortality rate of 48$.
There has been much discussion about the sig¬

nificance of White's work and those interested in

pregnancy and diabetes have been divided into two

broad groups. The first believes that Whitens

hormone therapy is of outstanding importance and

represents a major advance in the management of

these patients. The second group holds that

White's undoubtedly good results are due to strict i

antenatal supervision, the frequent termination of

pregnancy /



pregnancy by caesarean section at the thirty-seventji
week and skilled care of the newborn child. It is

noted that treatment of this sort has been attended

by comparable results in other centres without the

use of hormone therapy. Discussion of the rel¬

ative merits of these opposing views suffers from

the fact that there has been no report of a large

scale repetition of White1s work using adequate

statistical control. In Great Britain, the

Medical Research Council has recently concluded a

trial of oral stilboestrol and etliisteroae therapy

in the pregnant diabetic but the results are not

yet available. In the meantime it remains diff¬

icult to assess the true importance of hormonal

imbalance and the value of hormone therapy in the

pregnant diabetic.

The work which is reported in a later section

of this thesis was undertaken by a team, (as indic¬

ated in the section of acknowledgements), in the

light of the knowledge outlined in the previous

paragraphs and in an attempt to clarify some of

the outstanding problems. The main object was to

obtain information about the cause, or causes, of

the high foetal loss rate and to reduce this mort¬

ality if possible. In our search for the cause of

the /



the high foetal loss a careful study was made of

each case and a mass of data obtained from which

it was hoped that a factor, or factors, which were

ass ociated with foetal loss might be found. This

study included clinical and laboratory examinations

and in the latter category assays were made of

chorionic gonadofcrophin in serum and urine and of

pregnanediol in urine. In our attempts to reduce •

the foetal loss rate we were to some extent the

victims of outside circumstances. As a basic

requirement it was decided that the greatest

possible attention should be paid to antenatal care

and the treatment of the newborn child. In add¬

ition, an individual assessment of each case pre¬

ceded a decision as to the optimum time and method

of delivery, there being a definite bias in favour

of caesarean section at or about the thirty-seventh

week unless there was some good reason to modify

this programme. At the beginning of the period

of study, cases in which there were high urinary

levels of chorionic gonadotrophin were treated with

stilboestrolj later, hormone therapy of this sort

was abandoned and then resumed when our team took

a share in the Medical Research Council trial of

stilboestrol and ethisterone. As a result, a

small number of patients received hormone therapy

similar, but not identical, to that used by White.
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Introduction.

The occurrence of pregnancy in a diabetic

woman confronts her physician with a complex sit¬

uation full of interest, fraught with difficulty

and uncertainty, furnishing a challenge to his

therapeutic skill and feeding Ills curiosity. It

is, therefore, no wonder that there exists a vast

literature on the subject, full of information,

advice and conjecture. In my attempt to review

this mass of work I have divided the subject into

three main parts, the first dealing with the elucid¬

ation of its natural history by those who worked

in the days before insulin was available for clin¬

ical use, "the pre-insulin era"; the second con-

sidering the changes which were brought about by

the use of insulin in the early "insulin era";

and the third, which is necessarily the longest,

discussing the many aspects of the problem which

are relevant to our present views. These divis¬

ions are to a degree artificial because our know-
'

ledge of the subject has advanced step by step

from the day when the first case was described and,

particularly in the third section, published work

will be analysed where it seems most appropriate

rather ,tkan in chronological order.



THE PRE-INSULIN ERA

Early Reports,

The study of diabetes and pregnancy may be

said to have begun in 1826 when Bennewitz, of

Berlin, described a case which has often been

quoted in subsequent papers. His patient was a

young woman who had three children. During her

fourth pregnancy she was "tormented with an insat¬

iable thirst and profuse discharge of urine",

symptoms which ceased soon after delivery. Daring

her fifth pregnancy she again suffered from thirst

and polyuria. Her urine had "a taste resembling

that of beer, but much sweeter and was found to

contain two ounces of saccharine matter per pound."

She set the fashion for many of her followers by

having a premature labour and bearing a child

weighing twelve pounds who "died in the passages"

(Bennewitz, 1028). Bennewitz was so impressed by

the size of the child that he said one might have

considered that it had been begotten by Hercules

(White, 1952). The accuracy of Bennewitz's

diagnosis has been questioned (Williams, 1909)> but

it seems justified by the clear record of severe

thirst and polyuria with proved glycosuria and

particularly /



particularly by the large size of the infant,

though it is true that the full significance of

this finding has been recognised since the time

when Williams wrote.

Lever (1347) was the first author to describe

a diabetic pregnancy in the United Kingdom, but I

have not been able to find the full description of

his case. Matthews Duncan (1873) described a

single case in a woman who had previously had two

pregnancies, both terminating in the delivery of

a macerated infant. Diabetes was diagnosed during

her third pregnancy and she died, apparently of

diabetic coma, 38 hours after a premature delivery

in the seventh month of her pregnancy.

Matthews Duncan (1382) was the first British

author to review a series of diabetic pregnancies.

He collected reports of 22 pregnancies in 15 women

aged between 21 and 38 years and stated that his

paper included "all the cases of which I have any

knowledge." He emphasised the importance of dis- j
tinguishing between glycosuria, lactosuria and true

diabetes during pregnancy, a point which received

much attention in the continental literature of

that time. He stressed the extreme rarity of the

pregnant diabetic and mentioned that amenorrhoea

was /



was a common feature of diabetes in the young woman!
|

Many of his cases had hydramnios and the liquor

amnii was said to contain much sugar. Matthews

Duncan was particularly impressed by the dangers

of diabetic pregnancy both to the mother and the

child. In his 22 cases, 4 of the mothers died

soon after delivery, 7 infants died in the uterus

during the last weeks of pregnancy and 2 more died

within a few hours of delivery. Duncan recognised

not only that pregnancy might occur in a diabetic

woman but also that diabetes might begin during

pregnancy and that it might disappear in the

puerperium only to return at a later date.

Williams (1909) paid tribute to Matthews

Duncan when he wrote, "our knowledge of this subject

practically began with Duncan's paper in 1682",
and certainly this seems to have been the first

attempt to collect information about the natural

history of pregnancy in conjunction with diabetes,

and to examine the influences exerted upon the one
■

state by the other. Duncan's paper was a source

of inspiration not only to Williams, but to others

who wrote on the same subject and described the

natural history of diabetic pregnancy, confirming

some of Duncan's conclusions and adding further

details /



details but refuting very little of what he said.

Gaudard (1889) supported the view that diabetefe
might develop in pregnancy and disappear after

delivery and Fry (1691) emphasised that pregnancy

might be an inciting cause in one already pre¬

disposed to diabetes. Fry also recognised that

pregnancy often aggravated a pre-existing diabetes
I

and that, if the patient survived, the diabetes

might be expected to improve in the puerperium.

Herman (1902) described a single case in whichj
'

there was a spontaneous, premature delivery of a

macerated infant at about the seventh month of

pregnancy ana the mother died 9 days after delivery.

He stated that the foetus had died in the uterus

in two-thirds of the cases published at that time,
I

and he stressed the danger of maternal death from

diabetic coma in pregnancy or the puerperium. He

mentioned that hydramnios and overgrowth of the

foetus were both common and considered the child's

life to be so precarious as to be of little account,

with the consequence that he advocated early term¬

ination of pregnancy, in order to minimise the risk

to the mother.

Rudaux (1906) noticed that diabetes often

becomes more severe in late pregnancy and seems to

have /
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have been the first to suggest that there was a

definite relationship between the degree of the

glycosuria and the intrauterine death of the foetus.

Eshner (1907) collected 38 cases from the

literature and described one of his own, making a

series of 39- no less than 27 of these cases

the diagnosis of diabetes was first raade during

pregnancy, an incidence which is not in accordance

with the experience of most other workers, who

record such a sequence of events in less than a

quarter of their cases. There are at least three

possible explanations for this preponderance of

diabetes first diagnosed during pregnancy in

Eshner's series:

1) It is quite possible that some of the

patients suffered not from diabetes but from renal

glycosuria of pregnancy.

2) The diabetes may have been present before

conception though it was not recognised until later.

3) Finally, it is well known that before 1922,

when insulin was introduced, the majority of diab¬

etic women were infertile, while there is no reason

to suppose that the same disability troubled those

who were ordained to develop diabetes within a

short time, so that on hypothetical grounds preg¬

nancy was more likely to occur in women whose

diabetes /



diabetes was about to begin than in those who

already suffered from the disease.

Eshner's cases fared no better than those of

others. 19 mothers died during pregnancy, or at

varying intervals thereafter, and only 11 infants

survived the 39 pregnancies. There were 8 cases

of hydramnios and one of the surviving infants

developed diabetes.

In 1909? Whitridge Williams wrote a long paper

making a careful review of the whole subject and

reporting a series of 66 cases, all except one of

which he collected from the literature. Williams

laid great emphasis on the importance of making a

correct diagnosis of diabetes and his zeal on this

point seems to have blinded him to the fact that

true diabetes may make a temporary disappearance

after delivery. It was probably his ignorance of

this fact that led him to question the diagnosis in

the case reported by Bennewltz (1828). In Williams'

series of 66 cases, only 9 patients developed

diabetes during pregnancy, a figure which is much

more in keeping with modern reports than that of

Eshner (1907). Williams' review forms a useful

basis for the discussion of the position during the

pre-insulin era and some of his points form the

subjects /



subjects of the following paragraphs.

Incidence.

The rarity of diabetic pregnancy in the pre-

-insulin era is obvious when one reads the papers

already quoted and notes that experienced obstet¬

ricians and physicians interested in diabetes

reported individual cases, often the only ones

which they saw in many years' work. This point

has been emphasised by many authors in more recent

days (Skipper, 1935» Eastman, 1946; Gilbert and

Dunlop, 1949).

Two factors contributed to the rarity of

diabetic pregnancies in the pre-insulin era. In

the first place, the number of women of childbearing

years who suffered from diabetes was very small and

in the second, a high proportion of such diabetic

women were infertile. There were two reasons why

young diabetic women were scarce in the pre-insulin

era:

1) Diabetes was then a less common disease

than it now is.

2) The young diabetic lived a precarious life

and seldom survived for more than a few years after

the onset of the disease. In Joslin's clinic in

Boston, between the years 1898 and 1914, the

average /



average duration of life subsequent to the onset of

diabetes was only 4.3 years in a group of patients

who were aged between 20 and 39 years when their

disease began (Joslin, 19^7)•

Fertility.

A number of factors contributed to the infert¬

ility of the diabetic woman in the pre-insulin era.

Poorly controlled diabetes is always accompanied

by malnutrition, no matter what the caloric intake

may be, and many authors (Eshner, 1907J Lambie,

1926; Skipper, 1933J Annotation Brit. med. J.,

I949 ji Andersson, 1950) have remarked upon the

atrophy of the genital organs and the amenorrhoea

of the uncontrolled diabetic, which resemble the

condition seen in starvation. A similar infert¬

ility and anoestrus is seen in rats made diabetic

by the administration of alloxan (Sinden and Longwel

1949)• White and Hunt (1943) believed that uterine

glycopenia in the uncontrolled diabetic might inter-*-

fere with the implantation of a fertilised ovum and

thus decrease fertility. Bastiaanse and Sindram

(I95i) believed that the high incidence of vulvar

and vaginal infection in the uncontrolled diabetic

militated against fertilisation.

Maternal /
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haternal Mortality.

In Williams1 (1909) series of 66 cases, 27/«

of the mothers died during pregnancy or the early

puerperium, diabetic coma being a frequent cause of

death. A further 23$ of the mothers died within

the two years following pregnancy, but we have

already seen that the expectation of life in their

age groups averaged little over 4 years after the

onset of diabetes, and it is doubtful whether

pregnancy should be held to account for deaths

occurring up to two years after delivery. In all j

probability many of these women would have died

within that period even if they had remained barren:.

Williams quoted figures from the literature giving

maternal mortality rates which varied between 25$
in 103 pregnancies (Chapiet, 1907) and 55/^ 2n 34

pregnancies (Vinay, 1894). Tuberculosis was often

mentioned as a cause of maternal death in the pre-

-insulin era (Kudaux, 1907), but while it is true

that the uncontrolled diabetic was, (and still is),

peculiarly susceptible to tuberculosis, the incid¬

ence of this complication was by no means confined

to the pregnant members of the diabetic population.

It is uncertain whether pregnancy increased the

dangers of tuberculosis, but it is true that

diabetic /



diabetic coma was the common cause of death even
I

in those cases in which tuberculosis complicated

the picture.

Foetal Mortality.

It is exceedingly difficult to obtain compar¬

able figures for foetal mortality from the liter

ature because many authors failed to define the

term. Some included abortions while others did

not, and the same haphazard treatment was applied

to the group of neonatal deaths, in which case the |
duration of the neonatal period was not stated.

Williams (I909) reported that of 57 pregnancies

which occurred in women who were already diabetic,

12.24$ ended in abortion and 36.88$ resulted in

the birth of a dead foetus. In 9 pregnancies,

during the course of which diabetes developed,

there were o foetal deaths. These figures
.

emphasise the poor prognosis for the foetus, but it

is interesting to note that there were only 3 neo¬

natal deaths in Williams' series, a low incidence

compared with that of many more recent series.

Williams recognised that foetal death was commonly

reported in the literature and he quoted figures

varying between 27$ in 103 pregnancies (Chapiet,

1907) and 53$ in 23 pregnancies (Ruoff, I9O3).
He /



He knew that overgrowth of the foetus was associate^
with a high foetal mortality, not only as the

result of injury during a difficult labour, but

also because of a mysterious tendency to intra-

uterine death in the last month of pregnancy. The;

cause of this overgrowth of the foetus was obscure

and apart from the suggestion that the infant

received an unusually liberal supply of earbohyd-
*

rate from the maternal blood, there was little

discussion of the causes of foetal gigantism or

foetal death. Not unnaturally, there was at that ;

time much more concern to prevent maternal death.

Hvdramnios.

Hydramnios was a subject of considerable

interest in the pre-insulin era and several authors

remarked that it was common in diabetic pregnancy.

Williams (1909) reported 12 cases in his series of

66 pregnancies and remarked that it was sometimes

associated with a premature onset of labour. He

speculated upon whether the sugar which was found

in the amniotic fluid was derived from the maternal

blood or the foetal urine or possibly from both.

Williams mentioned the view that hydramnios might

be a sign of impending disaster which was considered

by /



by some authorities to be an indication for the

induction of labour.

Management.

Williams (I909) was more conservative than

Herman (1902) in his views on the management of the

pregnant diabetic. He considered that the preg¬

nancy should be allowed to continue so long as the

mother remained well and he did not regard diabetes

itself as an indication for early termination.

He considered that the onset of the symptoms of

ketosis in the mother constituted a particularly

dangerous situation in which he was prepared to

advocate immediate interruption of the pregnancy.

He also thought that hydramnios was sometimes an

indication for the induction of labour. There is

little mention of attempts to reduce the foetal

loss rate and the survival of the mother was the

main consideration. The early writers were in

general agreement that the pregnancy should continue

until it became too dangerous for the mother. The

arguments and differences arose about the determin-

ation of the point where the risk to the mother

became too great.

Foetal /
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Foetal Pancreas.

Although there was little advance in the

management of the pregnant diabetic between 1909*

when Williams published his paper, and the intro¬

duction of insulin in 1922, the intervening years

were occupied by an intriguing discussion about

the relationship between the foetal pancreas and

the maternal diabetes in late pregnancy. It had

been observed that in a few cases the maternal

diabetes became less severe in the late stages of

pregnancy and Williams (1909) described one case

in which the diabetes apparently disappeared temp¬

orarily during pregnancy.

Carlson and Drennan (I9II) removed the pancreas

from pregnant bitches and found that the resultant

diabetes was less severe than that occurring after

pancreatectomy in the non-pregnant bitch. In somej
cases, diabetes was not manifest until after term¬

ination of the pregnancy by caesarean section.

Carlson and Drennan concluded that insulin produced

by the foetal pancreas crossed the placenta and

protected the pregnant bitch from the full effects

of pancreatectomy. They were careful to note that

amelioration of diabetes was rare in human pregnant

diabetics, and indicated that this might mean that

human /



human diabetes arose from some cause other than

destruction or inactivation of the pancreas.

Carlson and Ginsburg (1914) confirmed this work

and found transient hyperglycaemia in the pregnant

bitch after pancreatectomy. This was followed by

a permanent recurrence of hyperglycaemia after

delivery. Allen (1920) failed to repeat Carlson's

work and concluded that the passage of any apprec¬

iable quantity of insulin from the foetus to the

mother was disproved because pregnancy did not

prevent the onset of diabetes in the bitch after

pancreatectomy, and the diabetes grew worse during

pregnancy and improved thereafter.

Despite Carlson's cautious presentation and

Allen's refutation, many have come to believe that

the foetal pancreas may play an important part in

the control of the diabetes of the human mother in

late pregnancy. This belief was supported by the

discovery of Dubreuil and Anderodias (1920) that

there was hypertrophy of the islets of Langerhans

in the pancreas of the foetus of a diabetic mother.,

The child died soon after delivery at the 96th

week of pregnancy and it weighed 11 pounds. These

authors noted that the islets were excessive in

size but not in number. They attributed the large!

size /



size of the baby to the plentiful supply of carbo¬

hydrate which had been available to it as a result

of the maternal hyperglycaemia.

The question of overactivity of the foetal

pancreas in late pregnancy has a bearing on the

subject of neonatal death of the child as a result

of hyperglycaemia and will be discussed in a later

section.

Summary of the Pre-insulin Era:

1) Diabetic pregnancy was a very rare con¬

dition.

2) Diagnosis of diabetes was unreliable and

cases of renal glycosuria were sometimes mistaken

for diabetics.

5) Maternal mortality was high, largely as a

result of diabetic coma. Table 1 showstfigures

given by different authors for maternal mortality

rates in the pre-insulin era.

Maternal Mortality
Author Year Cases Rate

Duncan 1882 22 18.2;$

Offergeld I908 57 30$
Williams I909 66 27%

Table 1.

Maternal mortality rate in pre-insulin era
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4) Foetal Mortality: There was a high foetal

mortality rate in which neonatal deaths played a

relatively small part. Table 2 shows foetal loss

rates recorded by various authors for cases treated

during the pre-insulin era.

Foetal Mortality
Author Year Cases Hate

Duncan 1882 22 40.9$

Esliner
•

1907 39 72.3$

Offergeld 1908 57 66$

Henley 1947 169 4.3$
Table 2.

Foetal mortality rate in pre-insulin era

N.B. The figures given by Henley are compounded
from the reports of Williams and Joslin, referring
to cases treated in the pre-insulin era.

5) Management: There v/as little scope for

special treatment of the maternal diabetes, and the

life of the child was recognised to be precarious

and was taken into little account. Premature

termination was undertaken to save the life of the

mother when particular dangers, such as ketosis,

arose.

6) Foetal Pancreas: An unconcluded discussion

raged about the question of whether the foetal

pancreas produced an excessive amount of insulin

in /



in late pregnancy and thus ameliorated the maternal

diabetes.

7) Complications: Overgrov/th of the foetus

and hydramnios were recognised to be unusually

common in dicabetic pregnancy.



THE EARLY IHCULIli EIIA

The period from 1922, when insulin was Intro- ;

duced, to 1955 was occupied by the study of the

use of insulin in the diabetic mother. At first,

there ?/ere a few reports of its use in individual

cases with cautious expressions of hope that it

would be of great value. Graham (1924) was one of

the first to describe such a case in England. He

noted that the insulin requirement rose from 15 to

25 units per day during the pregnancy;; a modest

increase by modern standards but of greater signif¬

icance then, in view of the low carbohydrate diets

which 'were still the fashion. Graham's patient

had a healthy baby by spontaneous delivery at term.

He claimed no more than to have shown that safe

and successful pregnancy was at least possible in

the insulin treated diabetic. He warned his

audience that puerperal infection might be a grave

danger in the diabetic patient. Walker (1927) was

more enthusiastic and claimed that "the administra¬

tion of insulin has entirely altered the outlook

for the better in cases of pregnancy complicated

with diabetes." He overlooked the fact that the

foetal mortality remained high.

Lambie /



Lambie (I926) described his own experiences

with one patient and wrote a thoughtful paper on

the subject. He noticed the "immense improvement

in the maternal prognosis", which followed the use

of insulin, but he did not discuss the fate of the j

baby in detail. He believed that hydramnios and

excessive growth of the foetus could both be pre¬

vented if the maternal hyperglycaemia was controlled

with insulin. Lambie was one of the first to

stress the danger of hypoglycaemia during the early

puerperium in insulin treated cases, and he con¬

sidered that the postnatal improvement in maternal

diabetes, which was reflected by this tendency, was

strong evidence against the hypothesis that foetal

insulin might help to control maternal diabetes in

late pregnancy. On the other hand, he stated that

excessive utilisation of glucose by the foetus

might lead to an improvement in maternal carbohyd¬

rate tolerance, even if insulin did not pass the

placenta. He considered that islet hypertrophy

and hyperplasia in the foetal pancreas was evidence

of such high utilisation of carbohydrate. Even

in 1926, Lambie reported that caesarean section had

been performed in some pregnant diabetics and had

been attended with good results. He too was con¬

cerned about the dangers of puerperal infection.

Skipper /
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Skipper, writing in 1933> was the first

author in this country to review a large series of

cases. He gave details of 37 pregnancies from his

ovm clinic and 1J6 cases which he collected from

the literature. His paper is of particular value

as it gives a full account of the changes which

took place in the first 10 years of the insulin

era. He emphasised the rarity of diabetic preg¬

nancy, which he attributed to infertility and to

the post-menopausal onset of diabetes in the maj¬

ority of female cases. The fact that he was able

to collect a series of 37 cases in one clinic shows

that the condition was already becoming much more

common than it was in the pre-insulin era.

Skipper was one of the first to suggest that women

who were dstined to develop diabetes in later years,

that is "pre-diabetic" women, might give birth to

overweight babies, and he also considered that such

women had slightly abnormal glucose tolerance

curves which showed a mild impairment of carbohyd¬

rate metabolism.
I

Skipper was "in no doubt that an increase in

the severity of diabetes in pregnancy is" common",

and like Lambie (1926) he reported the occurrence

of hypoglycaemia in the early puerperium in the

great /



great majority of his insulin treated women. As

a result of these findings he felt that foetal

insulin played no part in the control of the mater¬

nal diabetes, though he noted hypertrophied islets

of Langerhans in two of the infants of his series.

Skipper considered that maternal ketosis might

cause intrauterine death of the foetus but that
a

maternal hypoAlycaemia was unlikely to be fatal to
the child. He noticed that the blood sugar was a

more reliable guide to insulin therapy than the

urine sugar. He believed that eaesarean section

was a wise procedure in a case whose baby was

large. He seems to have been an early advocate of

this method of delivery, but he apparently looked

upon it as of benefit to the mother rather than

the child.

Skipper's own series of 37 cases was conducted

without a single maternal death, a record which is

in striking contrast to the reports of the pre-

-insulin era and which demonstrates the remarkable

benefits conferred upon the diabetic mother by the

use of insulin. Other workers were not quite so

successful, as may be gathered from the maternal

mortality rate of 9-3% in Skipper's series of 136
cases collected from the literature, but even this

'

-
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figure is infinitely better than that of 2reporti

ed by Williams (1909)•
On the other hand, the foetal loss rate in

Skipper's 37 cases was 40.5$> a figure which shows !

only too clearly that the foetus did not share the

good fortune of the mother.

Summary of the Early Insulin Era:

1) The use of insulin led to a striking reduc¬

tion in the maternal mortality.

2) There was no corresponding improvement in

the prognosis for the foetus.

3) In most cases the insulin requirement incr¬

eased during pregnancy and decreased in the puer-

perlum.

4) There was a tendency to undertake delivery I
by caesarean section, but this was designed to

assist the mother rather than the child.



HID DDVBLOPLlhKT OF THE SUDJBCT

DURING THE YEARS 19^-19^ o

In the past twenty years there has been a

great increase in diabetic pregnancies and this

has led to a widespread interest in the subject.

Much experience has been gained, many statistics

have been recorded and a great deal of experimental

work has been done both in the ward and in the

laboratory. During this period there has been a

further improvement in the prognosis for the mother

and some increase in the foetal survival rate. At

the same time, there has been much speculation on

the causes of foetal deaths and several complicated

and often bewildering hypotheses have been advanced.

In this section, I propose to analyse the statistics

and views of many authors and to arrange the mater¬

ial under the headings of subjects dealing with

various aspects of the problem, rather than to

adopt an approximately chronological presentation

of facts as In the two previous sections.

Incidence♦

The incidence of diabetic pregnancy has risen

to a remarkable degree, so that any experienced
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obstetrician now has personal experience of the

problem and diabetes is allotted a place of its own

in obstetric textbooks amongst the complications of

pregnancy, instead of appearing as a short section

under the heading of "Diseases of the Kidney"

(Williams, 1930). This increase has enabled a

few workers to collect and report series of cases

running into hundreds, and there have been many

accounts of smaller series that would have seemed

very large in the days before insulin was avail¬

able.

The increased incidence is due to a variety

of factors, most of which depend directly upon the

use of insulin. In the first place, diabetes has

become a more common disease. White (1952) con¬

siders that there are now 80,000 diabetic women of

child-bearing age in the United States of America,

or that one woman out of every 1000 potential

mothers- is diabetic. In the United Kingdom,

Tunbridge (1953) considers that there is a diabetic

population of some 300,000 and that within 20 years

this figure will increase to one of 500,000.

There is thus a very large and increasing populatioh

^f diabetic women who may become pregnant.

^he increase in the diabetic population is



due partly to a rise in the incidence of new cases

and partly to the fact that the individual diabetic

now survives for a very much longer period after

the onset of his disease, a change which is largely

due to the intelligent use of insulin. The incr¬

eased survival was well shown by Joslin (1947) who

published tables prepared by the Metropolitan Life

Insurance Company. In 70 cases, whose diabetes

began between the ages of 20 and 59 years and who

died between the years 1944 and 1947 > the expect¬

ation of life subsequent to the onset of the dis¬

ease was 17.9 years compared with 4.5 years in a

group of 85 such patients who died before 1914 and

4.9 years in 215 patients who died between 1914

and 1922. Of a total of 65I diabetics who died

between 1944 and 1947, 22.1$ had survived for more

than 20 years and 25.2,1 for between 15 and 20 years

after the onset of their disease. In our own

diabetic clinic at the Royal Infirmary of Edinburgh

there are many patients who have had diabetes for

more than 20 years and a few who have survived

since before insulin was first available. The

increased survival of the diabetic means that many

child diabetics now grow into adults and in con¬

sequence many of the diabetic women who now become
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pregnant have had diabetes for several years, a

fact which is of considerable importance and will

be discussed later.

Pari passu with the increase in the diabetic

population has been an increase in the fecundity

of diabetic women. The well controlled diabetic

is now little, if at all, less fertile than the

non-diabetic, a change which is wholly due to the

use of insulin arid the improvement in the nutrition

of the diabetic, which has been made possible by

this therapy. Any physician with experience in

the treatment of diabetes can recall cases of young

women who had suffered from amenorrhoea for months

before the diabetes was diagnosed and whose periods

returned within a few weeks after the commencement

of adequate treatment with diet and insulin (Lambie,

I926). In addition, insulin therapy reduces the

incidence of vaginal infections and this too may

enhance the prospects of conception (Bastiaanse and

Sindram, 1951)•
It is difficult to form a true estimate of

the incidence of diabetic pregnancy, and most

authors do so by relating the numbers of diabetics

delivered in their clinics to the total number of

deliveries in the same clinics during a given

period. /



period. This method is not satisfactory because

practically all diabetics are delivered in hospital

whereas many non-diabetics are delivered at home.

Moreover, in some hospitals there is a very large

diabetic clinic drawing patients from a very much

larger population than does the obstetric unit of

the same hospital. Both these factors tend to

exaggerate the incidence of diabetic pregnancy, as

is shown particularly by the experience of Peel

and Oakley (1950) at King's College Hospital, where

2.0$ of all deliveries have been in diabetic

patients. Eastman (1946) emphasised the increase

incidence of diabetic pregnancy by stating that he

had personally supervised 66 cases in the years

1955-1945, and recalling that this was the same

number of cases that Williams (1909) had managed to

collect from the literature. Table 5 shows the

incidence of diabetic pregnancies expressed as a

percentage of total deliveries in various clinics.

Table 5. /



Diabetic Pregnancies

Authors
Year of
Report

as Percen
Total Del

Potter & Adair 1938 0.11

Mengert & Laughlin 1939 O.36

Eastman 1946 0.35

Randall 1947 0.54

Rike & Fawcett 1948 0.17

Barns & Morgans 1949 0.17

Gilbert & Dunlop 1949 0.34

Peel & Oakley 1950 2.0

Frankel 1950 0.14

Harris & Fisiehella 1950 0.14

Andersson 1950 0.21

Zilliacus 1950 0.1

Bastiaanse & Sindram 1951 0.44

Hall & Tillman 1951 0.21

Pedowitz & Shlevin 1952 0.25

Table 3.
I

Incidence of diabetic pregnancies
as a percentage of total deliveries

in 15 clinics.
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Maternal Age.

The older a woman grows, the more likely is

she to develop diabetes. There are three times as

many diabetic women between the ages of 35 and 44

as there are between the ages of 25 and 34 (Eastman,

1946), In consequence, it is reasonable to expect

that the average age of the diabetic mother is

greater than that of the non-diabetic. Several

authors have commented upon this and have emphas¬

ised that it may have some effect upon the foetal

mortality rate (Eastman, 1946). This point will

be discussed in the section dealing -with the causes

of foetal death. Table 4 shows the average of

diabetic mothers reported by various authors.

Authors
Year of
Report

Average Age of
Diabetic Mothers

Engelhardt & Melvin 1946 32.5 yrs.

Frankel 1950 32.0 yrs.

Harris & Fisichella 1950 28.0 yrs.

Andersso11 1950 27.5 yrs.

Given, Tolstoi & Douglas 1950 30.2 yrs.

Table 4.

The average age of diabetic mothers in 5 clinics.
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The satisfactory fall in maternal mortality

which was the first change wrought by the use of

insulin in the diabetic pregnancy, has continued

at a slower pace in more recent years as the result

of improved obstetric technique, blood transfusion,

modern anaesthetic methods, antibiotics, anticoag¬

ulants and last, but not least, the increasing

interest which is taken in the subject. Death

from diabetic coma can be prevented if care is

taken and the patient is reasonably co-operative,

and such tragedies are now very rare. "Death

attributable to diabetes still does occur, but it

can always be prevented by proper supervision of

the mother." (Oakley, 1953)*
In the best regulated clinics accidents will

occur and there will continue to be an occasional

maternal death from cardiovascular disease, haem¬

orrhage, eclampsia and other causes. These deaths

are rare in non-diabetics - 1.6 per 1000 hospital

deliveries (Gilliatt, 1950) but they are a little

more common in diabetics. Three factors contribute

to the raised maternal mortality in diabetics:

1) The higher average age of the pregnant

diabetic.
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2) The woman who has had diabetes for many

years may have a prematurely aged cardiovascular

system with an abnormal degree of atherosclerosis

and renal damage.

3) The incidence of delivery by caesarean

section is high in many clinics compared with that

in the non-diabetic patient. Marshall and Cox

(1950) a review of caesarean section found that

this was the method of delivery in 6.2% of 125>179

patients in 19 hospitals in the years 1943 to 1947.

The maternal mortality rate in the 7762 caesarean

sections was 0.99$• Thus, although the risk of

maternal death is now so low that one has no hesit¬

ation in allowing pregnancy to continue in most

diabetic women, the danger to the mother is kept

within reasonable bounds only by skilled management

and constant vigilance.

Table 5 shows the incidence of maternal death

in a series of reports collected from the literature.

Table 3. /



Authors
Year of
Report Cases

Maternal
Deaths

Maternal
Mortality

%

Wilder & Parsons 1928 55 6 10.9

Peclcham 1931 17 1 5-9

*Bowen & Heilbrun 1932 73 6 8.2

*Skipper 1933 118 15 12.7

Skipper 1933 37 0 0

^Kramer 1935 238 8 3.4

Titus 1937 43 0 0

Mengert & Laughlin 1939 33 0 0

Lavletes et al. 1943 31 0 0

Engelhardt & Melvin 1946 23 1 4.3

Randall 1947 50 0 0

Rike & Fawcett 1948 55 2 3.6

Paton 1948b 38 1 2.6

Patterson & Burnstein 1949 71 3 4.2

Gilbert & Dunlop I949 70 1 1.4

Given, Douglas & Tolstoi 1950 131 2 1.5

Andersson 1950 47 1 2.1

Bastiaanse & Sindram 1951 95 1 1.05

Hall & Tillman 1951 147 1 0.7

Cramer 1951 84 0 0

White 1952 702 3 0.4

Hurwitz & Higano 1952 140 0 0

Pedowitz & Shlevin 1932 184 2 1.1

*0akley 1953 458 13 2,8

Oakley 1953 275 4 1.4

Table 9.

Maternal mortality in diabetic pregnancies.

* Cases collected from literature or by questionnaire.



Comparison of figures for maternal mortality

from different clinics is not easy, because the

authors do not always state whether they refer only

to deaths during pregnancy or include also those

occurring in the puerperium, and if so, for how

long a period after delivery they consider a death

to be attributable to the pregnancy. However the

table demonstrates the fall in maternal mortality,

for if we add together the figures of the first

five series we find that in JQQ cases reported

prior to 1935 there were 28 maternal deaths, a

mortality rate of 10.and in the last ten series i,

totalling 2263 cases reported after 1949, there

were 27 deaths, equivalent to a mortality rate of

1.2,1.

Foetal mortality.

This is a difficult subject to discuss because

the experience of different workers, is very vari¬

able and there is little uniformity in the compil¬

ation of statistics for foetal mortality- rates.

Authors may be divided roughly into two groups

according to their practice in this respect.

Firstly, there are those like Gilbert and Dunlop

(I949) who give a figure for "overall foetal loss"

which /



which includes abortions, intrauterine deaths in

late pregnancy, stillbirth and neonatal death

occurring in the first 14 days after delivery.

Secondly, there are those who believe with Peel

and Oakley (1950) that abortions should be excluded

because it is difficult to obtain reliable inform¬

ation about them, and only the deaths of viable

infants should be considered. In this group of

authors, some consider that any infant which sur¬

vives longer than the 28th week of pregnancy is

viable, whereas others estimate viability in terms

of birth weight and consider that any child with a

birth weight of less than 9^0g. (2.1 lbs.) is non-

-viable (White, 1949), whilst yet others place the

limit higher and consider a child weighing less

than 150Gg. (3.5 lbs.) at birth to be non-viable,

or "immature", as opposed to "premature", (Given,

Douglas and Tolstoi, 1950). The confusion is

increased by those who, having decided to omit

abortions from their calculation of foetal mortal¬

ity rate, subtract them from the total foetal death

but fail to subtract them from the total number of

pregnancies. This practice of calculating foetal

mortality rates by expressing only the deaths of

viable infants as a percentage of the total number

of pregnancies (including the abortions) is very

properly /



properly condemned by Pedowitz and Siilevin (1952)
who have gone to the trouble of correcting the

figures of other workers in this respect. Finally

there is inevitably a proportion of authors who do

not describe how they estimate the foetal loss

rate in their series of cases. Table 6 shows

foetal mortality rates considering only viable

pregnancies and Table 7 gives overall foetal mort¬

ality rates from a number of different clinics over

the past 20 years. It will be seen that in some

of the larger clinics the mortality rate amongst

viable infants is now between and 25$. If

one considers overall foetal loss, the figures

remain high, and the scope for improvement is only

too clear. In discussing foetal mortality it is

necessary to consider the different categories of

foetal deaths separately and this is done in the

next five Sections.

Spontaneous Abortions. /



Authors
Year of
Report

Viable
Pregnancies

Foetal Loss Rate
Viable Infants Only

Miller et al. 1944 146 29.4$
Randall 1947 50 20.0$

i

Paton 1948b 38 26.3,1
Barns & Morgans 1949 40 55*0#
Anders son 1950 47 42.2$

Kpeel & Oakley 1950 455 40»9$
Peel & Oakley 1950 141 24.9$

Reis et al. 1950 59 13.6$
White 1952 525 16.0$

Hurwitz & Higano 1952 135 24.1$

Table 6.

Foetal loss rate for viable pregnancies only.

* Cases collected by questionnaire.
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Authors
Year of
Report

Total
Pregnancies

Overall
Foetal Loss Rate

Skipper 1955 57 40.5$

Mengert & Laughlin 1959 55 •CMH

Lavietes et al. 1945 51 58.7^

Palmer & Barnes 1945 57 40.3$

Engelhardt & Melvin 1946 25 47,0$

Bike & Fawcett 1948 55 28.8$

Gilbert & Dunlop 1949 70 51.4#
Sheumack 1949 45 57.8$

Harris & Fisiehella 1950 19 42.1$

Frankel 1950 26 55-8$

Martensson 1950 27 70.4$

Given et. al. 1950 151 55.1,3

Hall & Tillman 1951 147 42.2$

Pease et al. 1951 25 8$

Pedowitz & Shlevin 1952 146 55-0$

Table 7.

Overall foetal loss rate
including abortions and neonatal deaths.



Spontaneous Abortions.

As already mentioned, it is notoriously diff¬

icult to obtain accurate information about abortion^

but this difficulty is probably more marked amongst

non-diabetic patients, who are not under regular

medical supervision, than it is with diabetic women

who attend their doctors or clinics at more or less

frequent intervals. There is a great variation in

the incidence of spontaneous abortion reported

from different clinics, but the majority of authors

agree that well controlled diabetes is not a factor

which tends to cause spontaneous abortion (Hall and

Tillman, 1951; Barns and Morgans, 1949). Table

3 shows figures for the incidence of spontaneous

abortions in diabetic patients. It is clear that

abortion is ly no means uncommon in diabetic preg¬

nancy. Whether it is to be considered more common

than in non-diabetics depends upon whether one

believes that the incidence of abortion in all

pregnancies is low - 2.8$ in 3#2*J6 pregnancies

reported by Gilbert and Dunlop (1949) - or high -

11.8$ (Barns, 1947). It is probable that there

| is a rather higher abortion rate in diabetics, but
that this is largely dependent upon the degree of

control of the disease by treatment.

Table o. /



Authors
Year of
Report

Diabetic
Pregnancies

Incidence of
Spontaneous
Abortions

Lawrence & Oakley 1942 54 3-7fo

White & Hunt 1943 228 15*0$
Palmer & Barnes 1945 37 29-7/*

Barns & Morgans 1949 64 IO.9;5
Given et al. 1950 131 7.6$

Frankel 1950 26 26.9$
Harris & FIsichella 1990 19 10.5%

Zilliacus 1950 32 6.2/5

Hurwitz & Higano 1952 140 3*6$

Pedowitz & Shlevin 1952 184 12.0$

Table 3.

Spontaneous abortions. Incidence in 10 clinics.



Therapeutic Abortion.

Diabetes mellitus itself is no longer con¬

sidered to be an indication for the performance of

therapeutic abortion and in fact very few diabetic

pregnancies are interrupted in this way. In a

few cases the severe complications of diabetes such

as gross retinopathy and the nephrotic syndrome

which accompanies the diabetic nephropathy are con¬

sidered to be adequate indications for therapeutic

abortion, whilst some regard severe vomiting of

pregnancy in the same light because of its part¬

icular danger in diabetic women who become ketotic

so readily (Pedowitz and Shlevin, 1952). It is

clear that therapeutic abortion accounts for but

little of the foetal mortality of the diabetic

pregnancy. Table 9 shows the incidence of thera¬

peutic abortion v/as 2.9^ in 509 pregnancies in a

few series of cases.

Table 9. /



YearofTherapeuticIncidence
AuthorsReportPregnanciesAbortions%

Lawrence&Oakley19425435.5 Given,Douglas&Tolstoi195013143-0 Hurwitz&Higano195214021.4 Pedowitz&Shlevin195218463*5 TOTALS509152.9^ Table9.

Incidenceoftherapeuticabortionin4series.
<01



intrauterine Death.

It has long been recognised that the foetus of

, the diabetic mother tends to die in the uterus

during the last five weeks of pregnancy and that

this fate accounts for a considerable proportion

of the foetal loss in these cases. As will be

seen in a later section the cause of this form of
l

foetal death, remains unknown, and is one of the

great problems in connection with this work. The

incidence of late intrauterine death is not easy

to determine as many authors group these cases with

those in which stillbirth occurs as the result of

death during labour. It seems desirable to sep¬

arate these two groups of .cases, particularly

because the term stillbirth is used to describe

cases in which there is often an obvious cause for

the death of the foetus in the shape of a birth

injury. This is in striking contrast to the type

of case in which the foetus dies in the uterus for

no apparent reason and is subsequently delivered

in a macerated state. Table 10 shows the incid¬

ence of intrauterine death in late pregnancy in

eight series of cases.

Table 10. /



YearofViableIntrauterineIncidence
Authors

Report

Pregnancies

Deaths

%

Potter&Adair

1938

15

r\

13.3

*Peel&Oakley

1950

455

85

18.7

Peel&Oakley

1950

141

12

8.5

Harris&Fisichella
1950

17

4

23.5

Zilliacus

1950

30

9

30.0

Hall&Tillman

1951

104

12

11.5

Hurwitz&Higano

1952

133

22

16.5

Pedowitz&Shlevin
1952

156

14

9.0

TOTALS

1051

160

15•2%

Table10.

Intrauterinedeathsrelatedtoviablepregnanciesin8series. *Casescollectedbyquestionnaire.



It will be seen that in these 1051 cases 15.2$
of the babies were lost as a result of late intra¬

uterine death, and this figure is of particular

interest because in many of the cases the pregnancy

terminated before the 40th week by spontaneous

delivery, induced vaginal delivery or caesarean

section, thus preventing further intrauterine

deaths, and presumably the incidence would be even

higher if early delivery had not been effected.

Stillbirth.

Very few authors give figures for stillbirth

as opposed to intrauterine death and it is thus

impossible to form a complete picture of the incid¬

ence of this mode of foetal death. Table 11 gives

the figures reported in five series of cases within

the past five years and it will be seen that the

incidence of stillbirth was 7-3$ in a total of 969

cases, all pregnancies which terminated before the

child was viable being omitted from this total.

Although the incidence of stillbirth is not as high

as that of intrauterine death, it is sufficient to

form an important factor in the total foetal mort¬

ality and leaves much room for improvement.

Table 11. /



Stillbirth

Authors

Yearof Report

Viable Pregnancies
Stillbirths

Incidence $ f*

Peel&Oakley

1950

141

4

2.8

*Peel&Oakley

1950

455

49

10.7

Given,Douglas&Tolstoi
1950

113

3

2.6

Hall&Tillman

1951

104

5

4.8

Pedowitz&Shlevin
1952

156

10

6.4

TOTALS

969

71

7.3$

Table11.

Theincidenceofstillbirthinfiveseriesofcases. *Casescollectedbyquestionnaire.



Neonatal Death.

In this case it is again rather difficult to

compare figures from different clinics because it

is seldom made clear for how long after birth the

neonatal period is considered to extend. Some

authors (Gilbert and Dunlop, 19^9) state that they

include all deaths during the first 14 days of life

whilst others simply mention neonatal deaths with¬

out any definition. Table 12 gives the figures

for neonatal deaths from a number of papers. In

each case viable pregnancies only are considered.
# •

The incidence of 9*9$ of neonatal deaths in 1281

viable pregnancies makes it clear that neonatal

death is a third mode of foetal loss which is of

considerable importance. It is evident that the

management of cases by different clinics has a

definite influence upon the manner in which foetal

loss is distributed between the groups, intrauterine

death, stillbirth and neonatal death. Thus, in

clinics where it is the practice to effect early

delivery, the rate of intrauterine death will be

low and that of neonatal death correspondingly

higher, and in clinics where the pregnancy is

allowed to go to term intrauterine death will be

relatively high and neonatal death low. In the

same /
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same way, the stillbirth rate is higher in clinics

where vaginal delivery is performed in preference

to caesarean section. These matters will be con¬

sidered under the heading of management in a later

section.

Table 12. /



Yearof

AuthorsReport
Potter&Adair1938 Randall1947 White1949 Peel&OakleyI95O *Peei&Oakley1950 Pease,Smalipiece&Lennon1951 Pedowitz&Shlevin195^

TOTALS

Incidence

ViahieHeonatalHeonatalDeath PregnanciesDeaths$ 15

2

15.3

50

4

8.0

459

44

10.0

141

20

14.2

455

49

10.7

25

0

0.0

156

8

5-1

1281

127

9.9%

Table12.

incidenceofneonataldeathinseyenseriesofcases. *Casescollectedbyquestionnaire.
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DIAGNOSIS OF DIABE1BG ...LLLIT'JS In Pii.. GilANCY

In the majority of cases the diagnosis of

diabetes in pregnancy does not present any partic¬

ular difficulty and depends upon the same principles

that govern this diagnosis at other times. In a

proportion of cases, however, there are difficulties

peculiar to the state of pregnancy. In the pre-

-insulln era it used to be thought that lactosuria

was cosimon during pregnancy and that there was a

danger that the lactose might be mistaken for

glucose and thus lead to a false diagnosis of

diabetes. It is now appreciated that lactosuria

is rare in pregnancy except during the few days

prior to term, although it is common in the puer-

perium (Andersson, 1950J -Reis et al.. 1952) •

Eastman (1946) considered that lactosuria was un¬

likely to give rise to difficulty in the diagnosis

of diabetes during pregnancy except in the last

six weeks. Archer and Haram (1940) found reducing

substances in the urine at some time during the

antenatal period in 96$ of 123 pregnant women but

not a single example of lactosuria in '301 specimens

from these patients. On the other hand, they

found lactose in 57;® of 197 specimens from 97

puerperal /



puerperal women. They concluded that lactosuria

is of no importance during pregnancy and is very

rare.

It is well known that there is a fall in the

renal threshold for glucose in many non-diabetic

pregnant women (Andersson, 1950)• Eastman (1946)
stated that phlorizin gave rise to glycosuria

during pregnancy, even when it was given in iialf

the dose that would be required to produce the same

effect in a non-pregnant woman. Skipper (1953)
emphasised that mild thirst, polyuria and pruritus

vulvae might accompany renal glycosuria in a non-

-diabetic pregnant woman, though he considered that

ketonuria was rare in such a patient. It is

therefore apparent that it is unjustifiable to make

a clinical diagnosis of diabetes mellitus in a

pregnant woman suffering from these symptoms and

glycosuria, however wise such a course may be in

the absence of pregnancy. It is a sound practice

to subject such a patient to a glucose tolerance

test in order to clarify the situation.

In the majority of cases the standard glucose

tolerance test gives a clear result proving the

presence or the absence of diabetes mellitus, but

several authors have noted that equivocal results

are /
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are obtained more often during pregnancy than at

other times (Basil-Jones, I949). The most common

abnormality is a delay in the return of the blood

sugar to its fasting level, so that, although the

fasting level is below 120mg. per 100ml. and the

peak reading is below l80mg. per 100ml., the figure

obtained 2§ or 5 hours after the ingestion of

glucose remains 20mg. or more per 100ml. in excess

of the fasting blood sugar. Most authors do not

accept this type of curve as evidence of diabetes

mellitus, but while some (Eastman, 1946) look upon

such findings as a common feature of normal preg¬

nancy, others such as Skipper (193?)> Allen (1939)>
Basil-Jones (1949) and Jackson (1952) consider that

.

curves showing this delayed return to fasting levels

indicate that the mother is a potential diabetic or

in the pre-diabetic state, and believe that the

test should be repeated at frequent intervals.

Thus it may be seen that there is a proportion of

pregnant women in whom it is impossible to be

dogmatic about the diagnosis of diabetes mellitus

and we must await further long-term studies before j
we can come to an accurate decision on the signif-

icance of such doubtful curves.



THE INFLUENCE OF PREGHAHCI

UPON THE L1ATERHAL DIAEETEG

The Onset of Diabetes during Pregnancy.

It has already been mentioned in the discuss¬

ion of the pre-insulin era that in a proportion of

cases diabetes is first diagnosed during a preg¬

nancy. White (1952) states that in 5% of women

who develop diabetes during the chlldbearing years,

the onset of the disease coincides with a pregnancy

and she avers that pregnancy is not a common incit¬

ing factor in the aetiology of the disease. Ho

doubt this view is correct if one considers preg¬

nancy amongst other factors in the causation of

diabetes, but it is otherwise if one approaches the

problem by investigating the incidence of diabetes

discovered for the first time during pregnancy in

proportion to the number of pregnant diabetics.

Table 13 shows that in 25. "5% of 604 diabetic preg¬

nancies the disease either began, or was first

recognised, during pregnancy. In view of this

finding it is obvious that pregnancy either aggra¬

vates a pre-existing subclinical diabetes or it is

a factor which causes the disease to appear in one
■

who was previously a potential diabetic (or a pre-

-diabetic)subject.

Taule l!>. /



Authors

Yearof Report

Diabetic Pregnancies
CaseswithOnset inPregnancy
Incidence j p

*Bowen&Heilbrun

1932

73

18

24.6

Potter&Adair

1938

16

3

18.7

Lawrence&Oakley

1942

54

8

14.7

Rike&Fawcett

1948

55

13

23.6

Barns&Morgans

1949

58

10

17.2

Frankel

1930

26

3

11.5

Given,Douglas&Tolstoi
1930

131

47

35-9

Harris£sFisiehella

1950

19

7

36.8

Hall&Tillman

1951

147

32

22.0

Pease,Smallpieee&Lennon
1951

25

1

4.0

TOTALS

604

142

23.3^

Table1)>

Theincidenceofdiabetesfirstdiagnosedduringpregnancy relatedtototaldiabeticpregnanciesindifferentclinics *Casescollectedfromtheliterature.
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In view of the fact that 22> of the diabetic

pregnancies described by Hall and Tillman (1951)
were the occasion of the onset of the disease, it

is difficult to understand their view that it is

doubtful whether pregnancy is an inciting cause of

diabetes. The significance of this finding will

be discussed in a later section on the influence of

the maternal anterior pituitary.

Insulin Requirements during Pregnancy.

In the section on the pre-insulin era it lias

already been mentioned that a few pregnant diabetics

show an increase in carbohydrate tolerance towards

the end of pregnancy and this finding, in conjunc¬

tion with the animal experiments of Carlson and

Drennan (I9II) and Carlson and Ginsburg (1914), was

taken as evidence that foetal insulin crosses the

placenta and leads to an improvement in maternal

carbohydrate metabolism. On the other hand, many

authors have since studied the maternal carbohydrate

tolerance during pregnancy, on the basis of insulin

requirements, and most agree that it is much more

common for the insulin requirement to rise, partic-;

ularly during the second and third trimesters. In

only a few cases is there a fall in the dose of

insulin /



insulin during the last few weeks of pregnancy.

Peel and Oakley (1950) state that a steady increase

in insulin requirements begins between the third

and six months and that in most cases the dose

reaches its maximum just before delivery. In a

small minority of cases the insulin requirement

remains unchanged or falls during pregnancy.

Andersson (1950) noticed a fall In insulin require¬

ments in only 2 of 47 diabetic pregnancies. Barns

and Morgans (1949) reported 19 cases in which the

diet remained unchanged throughout pregnancy, thus

eliminating a possible fallacy which does not

receive emphasis from other authors, and of these

19 cases 1 did not require a change in the dose of

insulin, but the other 18 all needed increasing

doses as pregnancy advanced.

Other authors agree that the majority of

patients need more insulin during pregnancy, but

report a higher proportion of cases in which there

is a decrease in requirements. Bowen and Heilbrun

(1932) collected 43 cases, in .28 of which there was

a rise in insulin requirements and in 10 of which

there was a fall. Given et al. (1950) reported

78 patients on insulin therapy with rising doses in

13, falling doses in 11 and static requirements in

54. /



54. Pedersen (1952*i> described 205 diabetic preg¬

nancies and noticed rising requirements of insulin

in 67$ and falling requirements in 13$.

Causes of Rise in Insulin Requirements.

The increase in the requirement for insulin is

often great and White (1952) notes that the dose

may have to be doubled or trebled as the pregnancy

advances. The causes of this fall in carbohydrate

tolerance are not fully understood. Eastman (1946)
believes tiiat overactivity of the maternal anterior

pituitary is responsible for the change and notes

that the same decrease in carbohydrate tolerance is

experienced at puberty and the menopause, both

periods of unusual pituitary activity. Bastiaanse

and Sindram (1951) agree with Eastman, stating that

the anterior pituitary was probably responsible for

the deterioration in carbohydrate tolerance which

they found in most of their 95 cases. White (1952)
states that the rise in insulin requirement is "not

surprising, since the placenta is a rich source of

a diabetogenic hormone, ACTH." There seems to be

little doubt that anterior pituitary production of

growth hormone and/or ACTH is responsible for some

of the change in carbohydrate metabolism and, if

White's /
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White's contention that ACTH is produced by the

placenta proves to be correct, there is no doubt

that such activity would also lead to a fall in

carbohydrate tolerance.

Foetal Insulin.

There remain the few cases, not more than

in which the insulin requirement falls. Does

foetal insulin play any part in the control of the

maternal diabetes? This question has aroused much

interest and has been the subject of much inquiry.

Its importance lies not so much in the possible

effect upon the mother as in its theoretically

dangerous influence upon the infant; for if it is

true that the foetal pancreas compensates to some

extent for the deficiencies of its maternal counter¬

part, then the infant is likely to be born with

overactive islets of Langerhans and to suffer from

hyperinsulinism for a short period after birth.

The question of this resulting in hypoglycaemia of

the newborn is very relevant to the subject of

neonatal death and will be considered under that

heading.

Study of maternal insulin requirement shows

that, if foetal insulin plays any part in the

maternal /



maternal blood, it is of relatively little import-

ance ana many authors do not believe that it is of

any value to the mother (Lambie, 1926; Britton,

1930; Skipper, 1953; Allen, 1939)• On the other

hand, Lawrence (1929) reported a case with a twin

pregnancy in which the Insulin requirement fell

from 44 units per day to nothing after the 28th

week, an improvement which was not maintained in

the puerperium. He considered that this marked

change in insulin requirement was due to the

presence of two overactive foetal pancreases.

Kramer (1935) noted, as have many other authors,

that there was usually a marked improvement in the

maternal diabetes after delivery and felt that this

was strong evidence against the hypothesis that

foetal insulin was active in the maternal blood,

an argument which may be unsound as it takes no

account of the diminution in anterior pituitary

activity, which is an invariable accompaniment of

delivery, and ignores the fact that the placenta is

no longer present in the puerperium. Both these

physiological changes may be responsible for the

marked increase in carbohydrate tolerance and may

mask any effects that might otherwise result from

the withdrawal of the source of extra insulin in

the /



the foetal pancreas. There is an additional

possibility that some improvement in maternal

carbohydrate tolerance may result from utilisation

of glucose by the foetus and both Lambie (1926)
and Kramer (1955) recognise that this factor may

account for some decrease in maternal insulin

requirement (especially if the foetus has an abnor¬

mal capacity for glucose metabolism) without any

need for insulin to pass through the placenta.
"

Foetal Islet Hypertrophy.

Many workers (Gray and Feemster, 1926; Lambie

1926; Skipper, 1933J Smyth and Olney, 1938;

He1wig, 1940; Basil-Jones, 1949 and Given et al,,

I950) have confirmed the finding by Dubreuil and

Anderodias (1920) of large islets of Langerhans in

the pancreas of the infant of a diabetic mother.

It is a fair assumption that such hypertrophy of

islet tissue reflects an over-production of insulin,

but it does not indicate that such insulin passes

the placenta. The significance of foetal islet

hypertrophy is not clear and the position is

further confused by the fact that the infants of

pre-diabetic mothers sometimes have the same islet

enlargement (Miller, 1945a; Henley, 1947).
Potter /



Potter et al. (1941) reviewed the literature

oxi this subject and found 26 instances of islet

hyperplasia in the children of diabetic mothers,

5 in children of doubtful diabetic mothers, 6 in

infants with erythroblastosis foetalis and 10 in

infants whose mothers were not diabetic (though

they may have been pre-diabetics). Potter et al.

emphasised that by no means all the infants of

diabetic mothers had islet hyperplasia and they

were much impressed by the fact that this finding

was not restricted to the children of diabetic

mothers. They wrote at a time when the signif-
■

icance of pre-diabetes was imperfectly understood.

In summary, there is much evidence that islet cell

hyperplasia is found in a proportion of the child¬

ren of diabetic mothers, but it is not peculiar to

such children, and even if it constitutes evidence

of hyperinsulinism in the foetus it does not con¬

firm the suggestion that insulin passes the

placenta.

Animal Experiments.
.

Several 'workers have attempted to solve the

problem of whether foetal insulin can reach the

maternal blood by means of animal experiments.

Allen /



Allen (1920) failed to repeat Carlson and Drennan's

(1911) observation that pregnancy prevented the full

effects of pancreatectomy in the bitch. Pack and

Barber (1929) concluded that insulin injected into

the foetus of the goat was transmitted through the

placenta to the mother because the maternal blood

sugar fell after such an injection. Schlossman

(1931)> working with dogs and cats, injected large

doses of insulin - up to 80 units - into the foet¬

uses after opening the uterus. Care was taken to

preserve the life and circulation of the foetuses

and it was found that there was only a very slight

fall in maternal blood sugar, although the foetuses

were hypoglyeaemic 4-6 hours after the injection,

Schlossman concluded that any fall in maternal

blood sugar was the result of the utilisation of

glucose by the foetuses and that, in the cat and

the dog, the placenta was impermeable to insulin.

Stetten (1949) used heavy water in developing a

technique by which he studied carbohydrate and

fatty acid metabolism. He gave insulin to pregnant

rats which had already received heavy water, and

then examined the foetal tissues. He claimed that

the results showed no evidence that insulin had

entered the foetal circulation and exerted its

characteristic /
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characteristic effects there. The balance of the

evidence thus suggests that foetal insulin does not

pass the placenta and hence plays no direct part in

maternal carbohydrate metabolism, though there may

be some species difference in this respect. On

the other hand, it seems quite possible that there

is a degree of hyperinsulinism in some infants of

diabetic mothers and this will be discussed later.

It is also possible that excessive foetal glucose

utilisation may have its effect upon maternal

carbohydrate tolerance.

Ketosis.

Ketosis is a complication of diabetic pregnancy

which was much feared in the pre-insulin era. Its

effects upon the pregnancy will be discussed later.

Eastaian (1946) and others have stressed the fact

that ketosis is raore likely to arise in a diabetic

during pregnancy than at other times. The most

obvious cause of such an accident is the vomiting

which is so common a complication of early preg¬

nancy. This may be troublesome, though seldom of

serious significance, in the non-diabetic, but the

diabetic woman runs a recti risk of diabetic coma

as the result of vomiting during pregnancy.

Eastman /



Eastman (1946) also states that in normal pregnancy

there is commonly a diminution in the carbon dioxide

combining power of the blood and a raised metabolic

rate, and he considers that both of these factors

increase the likelihood of ketosis in a pregnant

diabetic.

Renal Glycosuria.

We have already remarked that the renal thresh¬
old for glucose falls in normal pregnancy. It is j

well known that the diabetic is not immune from

this change, and Lawrence and Oakley (1942) estim¬

ated the renal threshold for glucose in a series of

cases at intervals during pregnancy. They found

a decrease in this threshold in 37 cases, usually
.

between the 4th and 6th months, and only 4 cases

had a normal renal threshold throughout pregnancy.

The fall in renal threshold is sometimes great,

with the result that large quantities of glucose
i

are lost in the urine. Henley (1947) and White

(1952) record glycosuria amounting to a total of

lpOg. per 24 hours in such cases and Henley quotes j

Roch et al. (1935) as saying that "prolan and

corpus luteum hormones" are responsible for the

fall in the threshold for glucose. Lawrence and

Oakley /
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Oakley (1942) emphasised the importance of renal

glycosuria in the production of ketosis, and noted

that in 18 cases with severe ketosis no fewer than I

17 had low renal thresholds. Oakley (1955) says

that the fall in renal threshold occurs in at least!

75% of cases at about the 4th or Sth month, and

considers that it is "perhaps more important" than j
the rise in insulin requirement which occurs in

about the same percentage of cases. He states

that it is "usually first recognised by the devel¬

opment of heavy glycosuria and often severe ketosis

in a previously well-balanced diabetic." Further

reference will be made to this subject when the

management of maternal diabetes is discussed.

Labour.

Peel and Oakley (1950) remarked upon the

difficulty in controlling the maternal diabetes

during prolonged labour, which they considered to

be due to a steep fall in insulin requirements and i

a consequent tendency for the mother to become

hypoglycaemic, They described how severe ketosis

sometimes arises as a result of starvation and the

not uncommon occurrence of vomiting and emphasised

that the ketosis of labour does not always indicate

that /



that there is also a high blood sugar level.

Andersson (1950) discussed the increase in carbo¬

hydrate tolerance which is so commonly found at the

time of delivery and seems to have confused the

picture by failing to appreciate that the increase

occurs before delivery, during labour, in diabetics

who are delivered by the vaginal route, and only

after delivery in those who have a caesarean

section. He states that it is "undoubtedly in¬

correct" to claim that vomiting, insufficient

nourishment and muscular activity cause the increase

in carbohydrate tolerance. Eastman (1946) however,

was in agreement with most other authorities that

hypoglycaemia is a real danger in labour and he

recommended the administration of frequent small

glucose feeds at this time. Lawrence and Oakley

(1942) advised the reduction of the usual dose of

insulin during labour because of the danger of

hypoglycaemia.

PuerperiuHi.

Whatazer the divergence of views about the

increase in carbohydrate tolerance during labour,

there is unanimous acceptance of the fact that

delivery by any route is followed by a rapid

decrease /



decrease in insulin requirement in the great major¬

ity of cases. A failure to recognise this results

in the occurrence of hypoglycaemia during the puer¬

perium, a danger which was stressed as long ago as

1926 by Lambie and has since been mentioned by many

authors (Feckham, 19311 Skipper, 19335 Lawrence

and Oakley, 1942; Paton, 1948a; Barns and Morgans.,

1949 and Andersson, 1950). The majority of these

authors mentioned that several of their patients

had attacks of hypoglycaemia in the puerperium,

and only White (1949) stated that puerperal hypo¬

glycaemia was infrequent in her cases, a finding

which was probably due to her recognition of the

danger and adequate reduction of the dose of insulipt

to avoid it. The same author (White, 1952) agrees

that there is a decrease in insulin requirements in

the puerperium and tentatively suggests two factors

which may claim credit for this state of affairs.

She considers that the responsibility of parenthood

may cause the diabetic woman to adhere more closely

to her programme of treatment and thus lead to an

improvement in her diabetes. If this is true,

White must be particularly fortunate in her choice

of patients. White also feels that her practice

of administering large doses of stilboestrol to

the /



Bli¬

the pregnant diabetic may lead to an improvement in

the diabetes similar to that found in diabetic rats,

cats and guinea pigs by Houssay (1951) when he

administered oestrogens to these animals.

It was once thought that a loss of sugar in

the milk caused hypoglycaemia in the puerperium,

but this view was discounted by Skipper (1933) ana

has not been favoured since then, though it may

certainly be a contributory factor. Andersson

(1950) discussing the cause of this improvement in

the carbohydrate tolerance after delivery concludes

that it is without doubt associated with a hormonal

readjustment, though he does not specify the nature

of this change. As was mentioned in the discussion

on the question of the importance of foetal insulin,

it seems likely that the physiological involution

of the anterior pituitary, and possibly the removal

of the placenta, are the responsible factors.

Course of Diabetes Subsequent to Preaiancv.

Despite the common increase in severity of

the diabetes during pregnancy, most authors have

been unable to find more than an occasional case

in which it was more severe in the puerperium than

before pregnancy began. Oakley (1953) states that

in /



in none of 80 consecutive cases was there any

significant increase in insulin requirement follow-

ing pregnancy and attributable to it. The same

experience has been reported by Barns and Morgans

(1949) and Andersson (1950) and it is certain that

pregnancy does not cause a permanent deterioration

in carbohydrate tolerance, except in those cases

where the disease begins in the antenatal period.

Effect of Pregnancy on the Complications of
Diabetes.

There is very little information in the

literature about the effect of pregnancy upon such

complications of diabetes as retinitis and the

renal damage described by Kimraelstiel and Wilson

(1956). Ho doubt this is largely due to the fact

that these are most common in patients who have

had diabetes for many years and it is only within

recent times that any large number of such long-

-standing diabetics have become pregnant. Lawrence

(1948) was the first to mention the occurrence of

acute, haemorrhagic retinopathy in two pregnant

diabetics who had neither hypertension nor obvious

renal damage. Both patients-had been diabetic

since childhood and both had severe vomiting in

pregnancy. In one case there was recovery five

years /



years after the pregnancy. Oakley (1955) has

extended this study and reported two more cases,

one of whom had been diabetic for 21 and the other

for 13 years. One had bilateral cataracts and the

other had typical early diabetic retinitis before

pregnancy. In both cases there was deterioration

during pregnancy. In the first, aneurysms, haem¬

orrhages and exudates appeared and retinitis pro-

liferans developed, and in the second, the retinitis

continued to deteriorate after delivery. Both

patients had increasing albuminuria and hypertension.

Oakley had 10 other cases with diabetic retinitis

in whom there was no appreciable deterioration

during pregnancy. He concluded that progression

of the retinal damage in his first two cases might

have occurred quite apart from pregnancy and though

he mentioned the question of whether or not preg¬

nancy should be allowed to continue in long-standing

diabetics, he aid not answer it but seemed to infer

that he did not find sufficient evidence to recom¬

mend termination of pregnancy except perhaps in a

small minority of cases.

The only other evidence of the effect of

pregnancy on these complications came from White

(I952), who reported that she did not observe the

onset of diabetic retinitis in a single pregnant

woman /



woman and that only 5 of 68 women who had diabetic

retinitis at the time of conception experienced a

progression of the condition during pregnancy.

She had 12 cases in which diabetic nephropathy

coincided with pregnancy. In 2 of these, the

renal damage was first recognised in pregnancy and

in 4 of the 12 the nephropathy grew worse during

pregnancy, though she does not state the degree of

progression. White attempted to define the remote

effects of pregnancy on the vascular lesions of

diabetes by talcing a group of young women who had

been diabetic since before the age of 15 years.

She divided this group into those who had had

pregnancies and those who had not and then examined

the two sub-groups by physical, laboratory and

radiological methods. She found that the patients

who had been pregnant compared favourably with

those who had not, and concluded that pregnancy had

little long-term effect upon the vascular lesions

of diabetes.

Although the evidence is scanty, it seems that

pregnancy is not as a rule associated with serious

aggravation of the vascular complications of long¬

standing diabetes. There are, undoubtedly, cases

in which such lesions deteriorate during pregnancy,

but /



but they are a minority and in any case the lesions

tend to progress in the absence of pregnancy, so it

is premature to suggest that the pregnancy is res¬

ponsible for aggravating diabetic retinitis or

nephropathy, though it is quite possible that fur¬

ther experience will prove that such is the case.

White (1952) advised interruption of pregnancy in

the presence of retinitis proliferans with vision,

diabetic vascular nephritis and progressive retin¬

itis.
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THE EFFECTS OF DIALBTES OH 11IE PlibCilANT V/OHAN

Fertility and Abortion.

The question of fertility in diabetic women

has already been discussed in reference to the

increased incidence of diabetic pregnancies and it

is necessary here only to emphasise the fact that

well-controlled diabetes does not appear to decrease

fertility. Gilbert and Dunlop (1949) reviewed the

subject and concluded that insulin had raised the

fertility rate in diabetics. White (1952) noted

that the diabetic woman who required investigation

for sterility was the exception rather than the

rule, but she emphasised that lack of control of

diabetes may still favour sterility.

The subject of abortion has also been dis¬

cussed as a cause of foetal loss and the difficulty*

of obtaining accurate information on this subject

has been stressed. Table 8 Showed an appreciable

incidence of spontaneous abortion in certain clin¬

ics and the view was expressed that abortion is

probably a little more common in diabetics than in

others, and that if this is so, lack of control of

the disease is likely to be the most important

cause of the slightly higher rate of abortion.

Eastman /



Eastman (1946) stated that, in Joslin's clinic in

Boston, the incidence of abortion in diabetic

pregnancy fell from 25$ in the pre-insulin era to

15/3 in cases treated with insulin and he expressed

the belief that acidosis predisposed the patient

to abortion.

Toxaemia of Pregnancy.

There is perhaps no aspect of this subject on

which there is more diversity of opinion than the

incidence and importance of toxaemia. In the

first place, there is no generally accepted defin¬

ition of what constitutes toxaemia and secondly,

the practice of early delivery of diabetic patients

in some clinics naturally reduces the incidence of

a complication which tends to become more common

in the last weeks of pregnancy (Oakley and Peel,

1950). Table 14 shows the incidence of toxaemia

in several clinics and in some cases states the

incidence of this complication in all cases deliv¬

ered in the clinic - the "general clinic incidence.

The incidence of toxaemia is abnormally high in

nearly all these groups of cases for the highest

figure given for a "general clinic incidence" is

10.0# (Bastiaanse and Sindram, 1951) and the only

series /



Year of Total Incidence of General Clinic
Authors Report Cases Toxaemia Incidence

Titus 1937 33 21.2$ -

Herrick & Tillman 1938 67 17.9$ -

Potter & Adair 1938 16 43.7$ -

Mengert & Laughlin 1939 33 24.0$ 8.6$

Allen 1939 43 70$ app. -

Lavietes et al. 1945 31 19.3$ -

Bill & Posey 1944 44 27.0$ -

Bigby & Jones 1945 12 8.3$ -

Eastman 1946 - - 7.0$

Tew 1947 - 33.0$ -

Bike & Fawcett 1948 35 32.7$ -

Paton 1948 b 30 50.0$ -

Barns & Morgans 1949 58 20.7$ 5.0$

Sheuraack 1949 45 44.5$ -

Andersson 1950 47 21.3$ -

Frankel 1950 26 20.9# _

Given et al. 1950 131 46.0$ /" ■ -ft
0. y/o

Harris & Fisichella 1950 19 15.7$ -

Brosset & Werko 1950 81 28.0$ -

Zilliacus 1950 32 40.6$ -

-*Peel & Oakley 1950 455 18.9$ -

Hall & Tillman 1951 147 32.0$ -

Bastiaanse & Sindram 1951 95 20.0$ 10. 0$

Pease et al. 1951 25 19.0$ _

Hurwitz & Higano 1952 140 29.0$ 7-8$

White 1952 525 12.2$ -

Pedov/itz & Shlevin 1952 184 17.9$ 3.4$

Oakley 1953 222 10.8$ -

Table 14. The incidence of toxaemia in diabetic pregnancy.
* Cases collected by questionnaire.



series of diabetic pregnancies with a lower incid¬

ence than this was a small group of only 12 cases

(Bigby and Jones, I945). Thus there can be no

doubt that it is the general experience that tox¬

aemia is more common in diabetic pregnancy than in

the general run of hospital cases, Reis, DeCosta

and Allweiss (1952) being almost alone in express¬

ing the view that "true" toxaemia is not apprec¬

iably increased in diabetic pregnancy.

The general state of confusion in this subject

is further exacerbated by Barns and Morgans (19-19)
who adopted strict standards for diagnosis and

claimed that 43$ of their 58 cases had toxaemia,

by comparison with 35$ in the whole obstetric unit.

Taking only cases which were severe enough to

require admission to hospital, the respective

figures v/ere 20.7$ for the diabetics and 5*0$ for

all cases. It would seem that their strict

standards must have been very strict I An analysis;

of successive reports from White's clinics makes

even more difficult reading. White and Hunt (19-15)
reporting 125 diabetic pregnancies stated that

51, or 42$, developed toxaemia, which they defined

as hypertension and/or albuminuria otherwise

unexplained. /



unexplained. In 41 cases with normal hormone

levels there was one case of hypertension, in 27

cases with abnormal hormone levels who were not

treated with oestrogens or progesterone 14, or 52$,
of the patients developed toxaemia and the remainder

of the 51 toxaemic patients, numbering 56, were

presumably in the group of 57 cases with abnormal

hormone levels who received hormone therapy.

White (1947) reporting 271 diabetic pregnancies

mentioned the occurrence of pre-eclampsia (undef¬

ined) in 40,.» or 108 cases. White (1949) descr¬

ibed 459 diabetic pregnancies in which eclampsia

occurred in 4 cases, hypertension and albuminuria

in 76, hypertension alone in 80 and albuminuria

alone in 34, a total of 194 cases or 44$ of her

whole series, and she included all as cases of

toxaemia. In view of this steady increase in

cases of toxaemia, which ran parallel with the

growth of her collection of diabetic pregnancies,

it is strange to read (Yfaite, 1952) that when the

series reached a total of 525 pregnancies, toxaemia

was defined as hypertension and/or albuminuria

developing /
_ 1

' 1 The significance of the terms "hormone levels and
"hormone therapy" is explained in the section
dealing with hormonal imbalance as a cause of
foetal loss.



developing after the 28th week of pregnancy, and

there were only 64 cases in the whole series.

j3 of these occurred in the 116 patients with

abnormal hormone levels and no hormone therapy,

26 in the 362 patients with abnormal hormone levels

who received oestrogens and progesterone, and none

in the 47 patients with normal hormone levels.

The inconsistency both of the incidence and of the

definition of toxaemia in successive papers is hard

to understand unless one assumes that at least 130

of the cases which came under the heading of

toxaemia in I949 were in fact suffering from hyper¬

tension and/or albuminuria prior to the 28th week

of pregnancy, because this figure represents the

difference between the 194 cases of that year and

i the 64 of 1992.
.

The cause of the increased incidence of

toxaemia in diabetic pregnancy remains obscure.

Hall and Tillman (1951) considered that toxaemia

becomes more common as the duration of the maternal

diabetes lengthens and particularly in the cases

with marked arteriosclerosis, but Frankel (1950)

failed to find any correlation between the incid¬

ence of toxaemia and the duration of the diabetes.

Eastman (1946) held that there was no tenable

explanation /



explanation for the frequency of toxaemia in

diabetics with the possible exception of the hypo¬

thesis advanced by Priscilla Yvhite and the Smiths

in Boston. In brief, these workers consider that

the clinical features of toxaemia are due to the

release of a toxin from the placenta when the

blood supply of that organ is impaired by a variety

of different mechanisms, amongst which the arterio¬

sclerosis of long-standing diabetes is important

(Smith and Smith, 1948). The hypothesis has not

been fully accepted as an explanation of the

aetiology of toxaemia, but Kellar (1950) says that

"the whole hypothesis forms a very brave attempt

to explain the facts that have been garnered by

years of solid research on this subject." It

seems more appropriate to postpone a full discussioi

of the views of the Smiths and White, and of the

significance of toxaemia in relation to foetal

loss, until the section devoted to the causes of

intrauterine death and stillbirth.

Hydramnios.

This is a second complication of pregnancy

which is generally recognised to be particularly

common in diabetics. Figures which are given to

indicate /



indicate the incidence of the complication in

different clinics are of little value because there

is no unanimity about the definition of what con-

stitutes tin excessive amount of liquor aranii in

any individual case, but Table 15 shows various

authors' estimates. We have already seen that

hydramnios was considered to be common in the pre-
-

-insulin era. Lambie (1926) and Kramer (193$)
both felt that insulin therapy reduced the incid¬

ence of the complication - and Kramer gave the

figure of 11$ as its incidence in insulin treated

cases. Lambie (1926) noted that the sugar content

of the liquor amnii was high, l65*~730rag. per 100

ml, compared with a figure of 54mg. P©r 100ml. in

non-diabetics. Peel and Oakley (1950) agreed

that there was a higher concentration of sugar in

in the amniotic fluid of diabetics, finding a mean

level of lOOmg. per 100ml. in 53 diabetics (range
26 to 25omg. per 100ml.) and a mean level of 32mg.

per 100ml. in 10 non-diabetics. On the other

hand, they found no correlation betv/een the level

of sugar in the amniotic fluid and the occurrence

of hydramnios, 37 cases without hydramnios having

a mean level of lOlmg. per 100ml. and 16 with

hydramnios a mean level of 96mg. per 100ml.

Likewise /



Authors
Year of
Report

Total
Cases

Incidence of
Hyaramnios

Titus 1957 35 6.1$
Lavietes et al. 1943 31 16.1$

Bill & Posey 1944 44 2.3$

Bigby & Jones 1945 12 41.7$

White 1947 271 24.0$

Paton 1948b 38 13.0$

Barns & Morgans 1949 58 29.0$

Sheumack 1949 45 11.1$

Bastiaanse & Sindraia 1950 95 4.2$

Brosset Ec Werko 1950 81 14.8$

*Peel & Oakley 1950 455 26.8$

Peel & Oakley 1950 141 30.5$

Zilliacus 1950 30 10.0$

Hall & Tillman 1951 104 9.6$

Pedowitz & Shlevin 1952 184 4.0$

Table 15.

The incidence of hydramnios
related to viable pregnancies

in various clinics.

* Cases collected by questionnaire.



Likewise, Peel and Oakley could not correlate

hydramnios with the mean "blood sugar level of the

mother throughout pregnancy, nor with the maternal

or foetal blood sugars at the time of delivery.

Hall and Tillman (I95I) do not believe that the

appearance of hydramnios is associated with poor

control of the diabetes, but Eastman (1946) joined

earlier writers in claiming that hydramnios was

evidence of neglect of diabetic control. White

(1947) looks upon hydramnios as part of a general

retention of water by the pregnant diabetic and

notes that "a profound disturbance of water balance

is one of the most characteristic features of

pregnancy in the diabetic." She cites an abnormal

gain in weight, oedema (incidence 85$), hydramnios

(incidence 24$) and foetal oedema as evidence of

this retention of water, and recommends the use of

large doses of ammonium chloride and a low-sodium

diet to prevent it, but does not make any detailed

observations 011 its cause. The importance of

hydramnios in connection with foetal abnormalities

and death will be discussed in a later section.

Delivery. /



Delivery.

Even if the diabetic woman avoids the complic¬

ation of her pregnancy with toxaemia or hydramnios

she is likely to experience difficulties at the

time of delivery. White (1947) reported breech

presentations in of 271 pregnant diabetics and

stated that uterine inertia, contraction bands ana

shoulder dystocia were common. White (1952)
noted that 9&j or ld.5%> of 525 pregnant diabetics

had a spontaneous premature delivery before the

38th week of pregnancy. Peel and Oakley (1950)
found in their questionnaire series, 30 cases out

of 455 which there was a spontaneous onset of

labour during or before the yjth. week of pregnancy

and in which the baby was alive at the onset of

labour. They too had noticed the high incidence

of inertia and the difficulty of inducing labour

even by rupture of the membranes. Given et al.

(1950) mentioned prolonged labour in 26% of their

primigravid patients and 8 instances of shoulder

dystocia. There is thus ample evidence of the

high incidence of abnormal labour in diabetics.

Undoubtedly the overgrowth of the foetus is one

cause of prolonged labour and difficulty in deliver

ing the shoulders, but it does not seem to be the

only /



only cause of trouble, and it appears that the

uterine muscle of the diabetic woman exhibits

abnormal behaviour in labour for unknown reasons.

Lactation.

It is common experience that lactation is

often inadequate in diabetic women and many have

noticed, like Peel and Oakley (1950) that there

is often a slow onset of lactation which becomes

quite adequate after a few days, only to fade away

again in another 10 days or so. They feel that

prematurity of the infant plays a part in this

difficulty. Barns and Morgans (1952) agree that

it is difficult to achieve adequate breast feeding

in the diabetic and that the poor attempt at suckl¬

ing by the premature infant plays a big part in

this trouble. They even go so far as to invoke

the poor lactation as an argument against premature

delivery. The usual experience that the onset of

lactation is reasonably satisfactory suggests that

there is no inherent defect in the endocrine back¬

ground to this process and that the difficulty is

rather one of maintenance of the milk supply than

its initiation. It is therefore difficult to

agree with the suggestion of Sheumack (19^9) that

the /



the poor lactation is due to undernutrition of the

diabetic mother and a lack of prolactin (luteo-

trophin), quite apart from the fact that most

diabetic mothers are now very adequately nourishedl



TIE ODS'.MTRIC HISTORY OF THE PRE-DIABETIC PATIENT

Allen (1939) is usually credited with the

first observation that women who were destined to

develop diabetes in later years, that is "pre- •

-diabetic" women, had an obstetrical history char-

acterised by the birth of large babies and a high

foetal loss rate. However Bach (1928) seems to

have been the first to note that big babies were

born to women who later developed diabetes and his

finding was quoted by Shipper (1933)* Since

Allen's paper was published there have been many

further reports from all over the world supporting

his observation, some of these being used in the

compilation of Table 16, and the following are

others (Paton, 1948aJ Rike and Fawcett, 1948;
Patterson and Burnstein, 1949} Moss and Mulholland,

1951 and Reis, DeCosta and Allweiss, 1952.)

Very few workers have questioned the occurrence

of a high foetal loss rate in pre-diabetic preg¬

nancies. Dolger and Hersstein (1944) interviewed

54 diabetic women who had had 141 children in the

20 years preceding the onset of diabetes, and they i

found a foetal and neonatal mortality of 8.5>£ which

they did not consider to be significantly greater

than /



Foetal

Incidenceof

Yearof

Pre-diabetic
Loss

Babies

Authors

Report

Pregnancies
Rate

overIQlbs.

Mengert&Laughlin
1959

84

29.8$

Miller

1945b

264

8.3$

Henley

1947

160

18.0,4

Kriss&Futcher

1948

360

30.8$

Barns&Morgans

1948

90

20.0/2

Gilbert&Dunlop
1949

459

15-7$

Gilbert&Dunlop
1949

145

14.5$

Peel&Oakley

1950

237

23.0$

PeelhOakley

1950

326

27.0$

Bastiaanse&Sindram
1951

221

37.5*

Jackson

1952

428

14.0$

31.0$

Pedowitz&Shlevin
1952

92

20.5$

Table

16.

Remarks Abortionsexcluded Abortions 1.

excluded
Stillbirthsonly- Abortionsexcluded

Theincidenceoffoetallossandthebirthofbabies v/eighinjoverlOlbs.inpre-diabeticpregnancies.
1.Mothersrequiredinsulininsubsequentdiabetes. 2.Mothersdidnotrequireinsulininsubsequentdiabetes.
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than that in normal patients. In a subsequent

paper the same authors (Herzstein and Bolger, 1946)

analysed a larger g*oup of 626 pre-diabetic preg¬

nancies and found a total infant fatality rate of

6.1$ compared with 2$ to 6$ in non-diabetics.

However they noted that there was an increased

foetal mortality rate of 15.4$ in the five years

immediately preceding the onset of diabetes.

Miller (1946a) questioned the conclusion of Herzstei:

and Dolger (1946) that the foetal mortality was

normal in women who had more than five years to

live before the onset of diabetes, and by apply¬

ing the Chi-squared test to their figures- showed

that there was, in fact, a significant increase in

the pre-diabetic foetal loss rate for the 15 years

prior to the onset of the disease. Hersstein and

Dolger (1946) considered that the period of five

years before the diagnosis of diabetes could not

be looked upon as wholly pre-diabetic, since it

might include a number of unrecognised diabetics.

Gilbert and Dunlop (1949) could not entirely accept

this view, because in the majority of young diab¬

etics the disease has an acute onset and pregnancy

is known to aggravate the symptoms of diabetes,

which would probably not be overlooked by the

obstetrician. /
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obstetrician. Thus the chief critics of the

abnormal obstetric history of the pre-diabetic

have been effectively answered.

There has been some argument about how long

before the onset of diabetes the abnormal obstetric

history may be found, or for how long the pre-

-diabetic period may extend. Gilbert and Dunlop

(I949) considered that the foetal mortality was

raised for as long as 20 years before diabetes

began. Paton (1948a) found that large babies were

born as long as 40 years before the onset of

diabetes and there was a high foetal loss for JO

pre-diabetic years. Jackson (1952) considered

that the tendency to stillbirth and excessive

growth of the foetus is present for over JO years

before manifest diabetes develops.

The problem has been approached from another

point of view by some workers. Gilbert (I949)
investigated 21 cases in which there had been a

high foetal loss rate, the birth of babies weighing

over 10 pounds and maternal obesity. He found

that six of these women had subsequently developed

diabetes. Jackson (1952) discovered 11 unsuspected

diabetics out of a group of 165 women who had

unsatisfactory obstetric histories suggestive

of /
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of pre-diabetes. A further 8 women had blood

sugar curves which showed a delayed fall to the

fasting level and which he considered to be evidence

of pre-diabetes. Like Gilbert (1949) he found a

correlation between maternal obesity and the birth

of large babies. Kriss and Futcher (1948)

attempted to correlate the likelihood of the sub-

sequent development of maternal diabetes with the

birth weight of the big babies and to estimate the

average time elapsing between the two events.

They examined the obstetric history in 360 pre-

-diabetic pregnancies and 315 pregnancies in women

who had not subsequently developed diabetes.

They found that 111 babies weighing over 10 pounds

were born to pre-dlabetic mothers and 33 to the

controls. Moreover, the pre-diabetic mothers had

23 babies weighing more than 13 pounds and the

control group had only one of this weight. 58;!
of the pre-diabetic mothers had at least one baby

over 10 pounds in weight and the corresponding

figure for the control group was 27$• They estim¬

ated that the prediction of the subsequent develop¬

ment of diabetes in a woman who had had one baby

weighing over 10 pounds was accurate in 17.8$ of

cases, whereas if the baby weighed over 13 pounds

the /
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the accuracy of the prediction rose to 63.2$. The

average latent period between the birth of the

first big baby and the onset of diabetes was 24,2

years, with a range of 1 to 46 years, and in only

five cases was it less than 10 years.

Miller (1945a) described the babies of 7 women

who subsequently developed diabetes. In three of

these cases the intervals between the birth and

the onset of diabetes were 5 years, 2 years and

1| years, but in the other cases only short inter¬

vals were noted. He found high birth weights,

cardiac hypertrophy, pituitary eosinophilia, extra-

medullary erythropoiesis of an excessive degree,

hyperplasia of the islets of Langerhans and hyper¬

plasia of the adrenals. All these findings he

has also reported in the infants of diabetic

mothers, (Miller and Wilson, 1943J Miller, Johnson

and Durlacher, 1944). Miller (1945a) stated that

the birth of an infant with these features may be

the first sign of impending diabetes in the mother.

There has been much speculation about the

cause and significance f the bad obstetric history

and foetal abnormalities of pre-diabetic women.

Miller (1946b) and Miller, Hurwitz and Kuder (1944)
have emphasised the fact that the finding of the

same foetal abnormalities (overgrowth and visceral

enlargement) /



enlargement) in the infants of pre-diabetic and

diabetic mothers makes it difficult to hold the

old belief that maternal hyperglycaemia was res¬

ponsible for the large baby of the diabetic mother,

for hyperglycaemla is not a feature of the pre-

-diabetic state, ■ They consider that there is no

reason to suppose that the responsible factors in

the pre-diabetic woman are not identical with those

that produce the same results after the disease has

become established, and suggest that the anterior

pituitary may play some part in this respect.

Gilbert and Dunlop (1949) concluded that the onset

of clinical diabetes may be a late stage in a

general metabolic disturbance of which an early

feature is a high foetal loss rate, and that it is j
probable that the large babies, the high foetal

loss rate and the ensuing maternal diabetes have a

common origin in this general metabolic disturbance

in the mother. Gilbert (1949) suggested that an

excessive secretion of growth hormone by the mater¬

nal pituitary may be a factor which is, in part,

responsible for the associated phenomena, the

increase in foetal length and weight, the maternal

obesity and the maternal diabetes. Kriss and

Futcher (1948) also considered that the knowledge

of /
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of the pre-diabetic state rendered untenable the

old hypothesis that maternal hyperglycaemia caused

foetal overgrowth. They too suggested that the

growth hormone was important, but thought that it

might be produced in excess by the pituitary of

the foetus or the mother. They further suggested

that the foetus might inherit some defect which

rendered it abnormally sensitive to the growth

hormone of the maternal pituitary, even though this

was present in normal amounts. In this suggestion

they were apparently the first workers to hint that

the foetus might inherit from either parent some

factor which led to its abnormal development,

Jackson (1952) was also interested in this

question of whether the foetus was not in some way

responsible for its own abnormalities. He tackled

the problem by investigating the history of the

children of pre-diabetic fathers. He found that

14. l/o of the 189 children of 49 pre-diabetic men

weighed more than 10 pounds at birth, compared with

5.4$ of 147 children of 50 non-diabetic fathers,

a finding which he claimed to be statistically sig¬

nificant. The stillbirth rate was the same in the

pre-diabetic fathers and the non-diabetic controls

- He points out that the incidence of big

babies /



babies among the children of pre-diabetic fathers

is less than that found in the histories of pre-

-diabetic women, and concludes that the tendency

for foetal overgrowth is partly an inherited char¬

acteristic, passed on by the male as well as the

female, and partly an effect of maternal environ¬

ment. On the other hand, he considers that the

excessive foetal loss is entirely mediated by the

maternal environment. He is careful to emphasise

the difficulties inherent in obtaining a history

of the birth weight of children of any fathers,

pre-diabetic or control, and hopes that further

data from other clinics will substantiate or refute

his findings. So far no other report of such an

investigation has been published, but the results

of a survey in Edinburgh will be discussed later

in this thesis.

The influence of the pre-diabetic state has

been discussed at length because it is one of the

most important results of work in the field of

diabetes and pregnancy with important bearings

upon both the causes of the unfortunate obstetric

history of diabetic women and the aetiology of

diabetes itself. The proof that these women have

some metabolic or endocrine abnormality for many

years /



years before the onset of clinical diabetes raises

many new vistas. In particular it suggests the

Importance of developing techniques which will

permit us to make a reliable diagnosis of the pre-

-diabetic state, in order that we may be able to

apply to these women methods designed to prevent

the subsequent onset of diabetes, if and when these

become available (Annotation, Brit. meb. J. 1952).
The significance of the hypothesis that the growth

hormone is involved in the abnormalities of pre-

-diabetic and diabetic pregnancies will be discussed

again in the section on the causes of foetal death

in the diabetic pregnancy.
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THE EFFECTS OF INTERNAL DIABETES ON THE FOETUS

Morbid. Anatomy of the Child.

It has long been recognised that the foetus

of the diabetic mother is frequently abnormal in

appearance as well as behaviour, and various

studies of the morbid anatomy of these children

have been made. Warren and LeCompte (1952) have

recently reviewed the literature and published

their own findings in 50 autopsies on the infants

of diabetic mothers in Boston. The study covers

the years 1937-1949 inclusive, and deals with the

children of women who were under the care of Drs.

Priscilla White and Raymond Titus. Thus a pro¬

portion of the mothers had received large doses of

oestrogens and progesterone during most of their

pregnancy. The following is a summary of Warren

and LeCompte's findings.

Size: These infants were measured with regard

to length and weight and the figures were compared

with standards for dead weights and lengths of

infants at various periods of gestation. Of 30

infants weighing over 2k. at birth only 2 were less

than the calculated weight, and 16 exceeded the

calculated weight by more than lk. 18 of 40

infants /



infants were more than Jem. longer than the cal¬

culated length for the period of gestation. These

figures support the findings of others, that a

proportion of the infants of diabetic mothers are

longer and heavier than normal (Miller and Wilson,

1943). Warren and LeCompte (1952) laid particular

stress upon the fact that the large size of many

of these infants tends to obscure their prematurity

because size is often adopted as a measure of

maturity. Not wishing to rely solely upon the

menstrual history to estimate the duration of

pregnancy, they used the development of the renal

glomeruli as an index of the maturity of the

infants, and finding immature glomeruli in large

infants they concluded that it was more correct to

regard them as "oversized prematures" rather than

to call them "postmature".

Viscera: Warren and LeCompte (1952) confirmed

the observation of Miller and Y/ilson (1943) that

cardiac enlargement occurred in a proportion of the

infants of diabetic mothers. 19, or 44$, of 41

infants had hearts which exceeded the calculated

weight by more than twice the standard deviation,

compared with 6, or 9$> of 70 infants from non-

-diabetic mothers. They considered that the

presence /



presence of an excessive amount of glycogen might

play a part in this cardiac enlargement. Hyper¬

plasia of the islets of Langerhans was considered

to be present in 23 of 27 cases and there was in¬

filtration of the pancreas with eosinophilic

leucocytes in 12 cases. The significance of these

findings remains in doubt. intramedullary erythro-

poiesis was found in the liver and the spleen but

it was doubtful whether this was significant, in

view of the prematurity of the infants by gest¬

ational age. In the lungs, Warren and LeCompte

(1952) found atelectasis in every infant but the

lung structure resembled that seen in control cases

of stillbirths and neonatal deaths. In 8 cases

of neonatal death they found a thick, pink-staining^

hyaline material lining open alveoli. They

postulated that this "hyaline membrane disease" may

be a cause of neonatal death and discussed the

findings of other workers in this respect, with the

conclusion that the membrane may be derived in some

way from amniotic fluid and that it is most common

in, but not related to, infants delivered by

caesarean section. They emphasised the need for

much more work on this subject.

Other workers have few points to add to this

survey of the pathology of the infants. White

(1952) /



(1952) remarked upon the oedematous state of many

tables in her series. She noted pitting oedema

in many cases and found that there was a diuresis,

with loss of weight, in the first few days of life.

60 of the diabetic mothers' infants had an average

weight loss of lOtfoz. (range to j2qz.) during

the first three days of life, compared with S^/'joz.
(range 1 to 12oz.) in a control group of 60 babies

from non-diabetic mothers. Peel and Oakley (1950)

also mention the oedema of the subcutaneous tissues

in these infants. They report that 45/4 of the

babies weigh more than 7lbs. at the 36th week and

70$ are over that weight if hydramnios is also

present, but they do not say whether they find

that foetal water retention accounts for the

greater weight of the infant in cases of hydramnios

Congenital Defects.

This term refers to structural defects or

congenital anomalies rather than to the pathologlca

features discussed in the previous section. Many

authors have noticed a raised incidence of such

anomalies in the offspring of diabetic mothers

(see Table 170 • The figures given for the incid¬

ence of these defects vary, the majority of authors

considering /



Authors

Yearof Report

Diabetic Pregnancies
Incidenceof CongenitalDefects
Incidencein Non-diabetics

Peckham

1931

17

5-9$

Berkeleyetal.

1938

J.0/0

Bill&Posey

1944

44

2.3$

Eastman

1946

2-3$

Barns&Morgans

1949

40

10.0$

Patterson&Burnstein
1949

58

0.0$

Sheumack

1949

42

4.4$

Andersson

1950

47

4.2$

Peel&Oakley

1950

142

6.3$

0.94$

Hall&Tillman

1951

104

0.0$

Pedowitz&Shlevin

1952

156

3.2$

0.5$app.

White

1952

525

80.0$

H

OO

Table17.

Theincidenceofcongenitaldefectsin diabeticandnon-diabeticpregnancies.
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considering that they are but slightly more common

than in control groups, a few claiming that they

are no more common (Given et al., 1950) and White

(1952) stating that they were found in 80$ of the

infants of her 525 diabetic pregnancies, a figure

which is striking in its magnitude. It is strange

that the autopsies reported by Warren and heCompte

(I952) on 50 infants from White's clinic revealed

only 9 cases with congenital defects and in only

5 of these was the anomaly considered to be the

cause of death. White (I952) claims that the

congenital anomalies accounted for 14$ of the foetal

deaths in her series. The anomalies are extremely

varied and White (1952) mentions club foot, cystic

kidneys, cardiac malformation, Mongolian idiocy,

angioma and others. She considers that they must

have a genetic origin, but mentions that vitamin B

deficiency and hormonal imbalance have produced

similar defects in experimental animals. Peel

and Oakley (1950) discounting the common, but

unimportant, abnormalities like skin naevi, found

9 more serious anomalies such as hydrocephalus,

congenital heart disease, imperforate anus, cleft

palate and renal tract deformities in 142 babies,

an incidence of 6.5compared with 0.94$ in 4829
non-diabetic /

i
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non-diabetic deliveries at King's College Hospital.

Peel and Oakley (1950) found that hydramnios

was present in the mothers of 5 of the 9 babies

with congenital anomalies, but did not advance any

views on the cause of these malformations. Indeed

there is no known reason why diabetic women should

have babies with a raised incidence of congenital

anomalies, but it has been shown in the past few

years that these arise, not only as the result of

inherited defects but also in association with

maternal disease in early pregnancy. For example,

Gregg (1945) demonstrated the importance of maternal

rubella in the production of foetal cataract, deaf

mutism, cardiac defects and microcephaly. Exper¬

imentally, developmental anomalies can be induced

by mechanical interference with the embryo in

amphibia, riboflavin deficient diets in rats and

irradiation of parent mice (Annotation, Erit. med.

J., I95O). Of more particular interest in conn¬

ection with diabetic pregnancy was the observation

of Duraiswami (1950) that the introduction of

small doses (0.05 to 6.0 units) of crystalline

insulin into the yolk-sac of brown leghorn eggs,

induced skeletal deformities in the chickens. The

parts primarily affected varied with the day of the

injection /



injection and included the vertebral column, the

beak, claws and limbs. Injections of saline,

parathormone, radioactive phosphorus and inactiv¬

ated insulin did not induce skeletal deformity.

The injections of insulin caused prolonged hypo-

glycaemia in the developing chickens and Duraiswaiai

was satisfied that the results depended upon the

specific action of insulin. It is not suggested

that the injection of insulin into the pregnant

diabetic woman is the direct cause of foetal

anomaly, but Duraiswami's work is important because

it shows that such anomalies, which many regard as

j exclusively genetic in origin, can be produced by
interference with the carbohydrate metabolism of

the chick embryo early in its development. There

is no definite evidence that maternal hypoglycaemia

in the early months of human diabetic pregnancy is

the cause of foetal defects, but the position will

have to be re—examined in the light of Duraiswami's

work.

Inheritance of Diabetes.

There is no doubt that heredity plays some

part in the aetiology of diabetes. The exact

nature of this part is uncertain, but most authors

agree /
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agree that the inheritance is concerned with the

tendency to become diabetic rather than with the

disease itself. In other words, the development

of diabetes in an individual occurs only when

certain inciting factors arise in the environment

of one who is by inheritance a potential diabetic.

Pincus and White (1935) analysed 675 family hist¬

ories and came to the conclusion that the poten¬

tiality for developing diabetes is inherited as a

sloele mendeliarx recessive. This view is still

held by White and Joslin (I952) who give the foil- ;

owing simple eugenic rules:

1) If both parents have diabetes, the child

will almost certainly develop it.

2) If one parent is diabetic and the other is

not, but has a diabetic parent, there is an even

chance that the child will become diabetic.

5) If neither parent has dicibetes, but each

has a diabetic parent, the chances of the child's

becoming diabetic are one in four.

From the more practical point of view, White

(1952) states that "the incidence of diabetes in

the offspring of our obstetrical diabetic patients

has been in the ratio of 1 to 100." Oakley and

Peel (1950), whilst stating that the views of

Pincus /



118

Pincus and White (1953) are not generally held in

the United Kingdom, agree that the presence of

diabetes in both parents makes it very probable

that the disease will arise in the child. They

also believe that the presence of diabetes in the

families of both parents increases the risk of

diabetes in the child, although the parents are not

themselves diabetic.
•

Reis, DeCosta and Allweiss (1952) hold the

view that one out of four of the children of a

diabetic woman will develop diabetes even though

the father is non-diabetic. Thus, although the

risk is not assessed in the same way by different

authorities, there is agreement that the children

of a diabetic woman are more likely to develop

diabetes than they would be if neither parent was

diabetic. On the other hand, this risk is not

excessive, provided that the father is not diabetic

nor has a diabetic family history.
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THE CAUSES OF FOETAL MORTALITY MD HQI-BIDITY

Inproduction.

It has already been indicated that the search

for the causes of foetal death and abnormality is

one of the most important aspects of this work.

Our continued ignorance of these causes is partly

responsible for the increasing interest in the

subject which is well demonstrated by the large

number of publications which have appeared in the

past 10 years. In reviewing this literature, I

intend to follow the example of other authors by

interpreting the data in two ways. First, I will

attempt to find any factors which may be associated

particularly with the cases in which foetal loss

occurs. This involves much arrangement of figures

and is often fruitless, but it is none the less

important to search for clues which might lead to

a solution of some of the problems. Secondly, I

will examine two hypotheses which have been evolved

by those who have sought to explain the misfortunes

of diabetic pregnancy in terms of dysfunction of

the endocrine system. The first hypothesis has

been described by G. van S. Smith and O.W. Smith

and incriminates the placenta as the origin of the

endocrine /



endocrine dysfunction, and the second is held by

those who believe that the anterior pituitary is

the source of the trouble.

Congenital Defects.

These have already been discussed in a previous

section and are mentioned again only because they

are sometimes the cause of foetal death in utero,

during delivery or in the neonatal period. Only

a proportion of these congenital anomalies are

lethal and they account for only a small fraction

of the foetal mortality, except in the series of

White (1952) who claimed that 14$ of her foetal
*

y'»h".

deaths were due to congenital defects.
'

Stillbirth of Large Babies.

This is a second group of foetal deaths which

need no further discussion as death of a large

infant from birth injury is only too obvious when

it does occur. It is not now a frequent cause of

foetal loss in diabetic pregnancy and as we have

already seen, it does not occur at all in many

clinics where it is recognised as a danger and

avoided by early delivery. Not all stillbirths

are due to the injury of a large foetus (Peel and

Oakley, /



121

Oakley, 1950) but apart from attempting to explain

the overgrowth of the foetus we need not consider

further the small proportion due to this cause.

Maternal Hyperalycaemia.

The excessive consumption of carbohydrate by

the foetus as the result of the passage of large

amounts of glucose from the maternal to the foetal

blood was for a long time a popular explanation for

the excessive growth of the foetus (Bill and Posey,

1944). The discovery that pre-diabetic women, who

did not have hyperglycaemia, also had big babies

(Allen, 1939) rendered this view untenable and it

has now been east into disfavour (Miller, Hurwitz

and Kuder, 1944; Kriss and Futeher, 1948; Jackson*

1952). Indeed the fate of the babies of pre-

-diabetic mothers provides clear evidence that the

actual disturbance of carbohydrate metabolism which

is characteristic of diabetes mellitus cannot be

the sole cause, or even the most important cause,

of the foetal loss and abnormality. Nevertheless

it is quite possible that this metabolic disturbance

is responsible for a proportion of the foetal loss,

and the next four sections deal with the direct

influence of the maternal diabetes upon the foetus.

Control /

■I
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Control of Maternal Diabetes.

Potter and Adair (1933) considered that good

control of the diabetes was a most important factor

in the prevention of foetal loss, and mentioned the

birth of live babies of normal size in cases with

good control, which they contrasted with the intra-'

uterine and neonatal deaths of big babies in cases

with poor control. Lawrence and Oakley (1942)
divided their cases into three groups according to

the degree of supervision of the maternal diabetes

and found that the foetal mortality rate was 23$
in 37 pregnancies with "complete" supervision of

the diabetes, 30$ in 4 pregnancies with "partial"

supervision and 70$ in 10 pregnancies with no

supervision, the patients having been admitted for

the first time in labour or delivered at home.

They concluded that these figures provided "strong

evidence in favour of the view that maximum control

of the maternal diabetes during pregnancy and

delivery constitutes one, if not the most important,

factor in reduction of foetal mortality."

Bastiaanse and Sindram (1951) believed that good

diabetic control was the most important factor and

said, "if we take good care of the diabetes, the

pregnancy will take care of itself." Since there

was /



was a foetal mortality rate of 21$ in their 95 case

one can only assume that either the control of the

maternal diabetes left much to be desired or, which

is more likely, the optimism of their statement

quoted above was unfounded. Hall and Tillman (1951)
who had a foetal mortality of 13$ in 104 pregnancies

claimed that the mortality rate was only 8.6$ in 90

cases whose diabetic control was good, and said that

their figure illustrated "in theory> that careful

regulation of her diabetes alone can assure the

diabetic practically the same foetal risk as the

non-diabetic."

In contrast to these views there was the blunt

statement that it was "painfully evident that

control of the diabetes with insulin and diet has no

influence whatever on the foetal mortality" (Anno¬

tation, Brit. med. J., 1949)• Oakley (1955)
commenting on the figures published by Lawrence and

Oakley (1942) took the view that while poor control

of the diabetes will raise the foetal loss rate,

good control will not lower it below a high figure

of 25$. This view takes a reasonable middle road

between the two extremes and comes nearest to the

truth. We may conclude that there is no doubt of

the importance and necessity of good diabetic con¬

trol, but even where this is attained we cannot

expect /
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expect to find a normal foetal mortality rate.

Imperfectly controlled diabetes is not the most

important cause of foetal loss and pathology.

Maternal Hypoglvcaemia.

The dramatic and sometimes alarming symptoms

of hypoglycaemia in the diabetic mother naturally

suggested that such an episode might constitute a

danger to the foetus causing either premature del¬

ivery or intrauterine death. Many writers have

described insulin reactions with hypoglycaemia in

pregnant diabetics and there is a unanimous opinion

that these incidents do not give rise to foetal

death. La mbie (1926) found that mild hypoglycaemi

does not harm the infant. Skipper (1933)> Lawrence

and Oakley (1942) and White and Hunt (1943) came to

the same conclusion. Andersson (1950) stated that

insulin reactions "fortunately are not notorious

infant murderers." Peel and Oakley (1950) a*id

Pedersen (1952a) determined that severe hypoglycaemia

and insulin coma were unimportant in relation to

foetal mortality. There remains the unsolved

problem of whether maternal hypoglycaemia in early

pregnancy plays any part in the causation of con¬

genital anomalies, a question which was discussed

in /



in the section on that subject.

Maternal Kotosis.

In contrast to the agreement about the unim¬

portance of hypoglycaemia to the foetus there is

much argument on the subject of ketosis in relation

to foetal deaths though all are agreed about its

danger to the mother. Andersson (1950)* Peel and

Oakley (1950) and Whit# and Hunt (1943) considered

that maternal ketosis is not an important cause of

foetal deaths because they were all impressed by

the fact that the foetal mortality was not unduly

high in cases in which there were episodes of severe

diabetic ketosis and even of diabetic coma. At

the same time they emphasised the fact that the

majority of infant deaths occur in cases where there'

has been no severe ketosis. On the other hand,

many authors (Lambie, 19265 Skipper, 19335 Given

et al., 1950j| Cramer, 19511 Bastiaanse and Sindraai,

1951 and Pedersem, 1992a) all held the view that

ketosis was a factor of high importance in foetal

death, though most of them did not elaborate their

reasons for such a belief, Herrick and Tillman,

(1938) reported foetal death in 4 out of 5 women

who had ketosis during pregnancy. Eastman (1946)
and /



126

and Pedowitz and Shlevin (1952) considered that

minor degrees of ketosis or "silent acidosis" were

of special importance. They believed that there

was a grave danger to the foetus in cases where

ketosis persisted for several days because it did

not become severe enough to produce symptoms, and

was only discovered by routine testing of the urine.

They felt that severe ketosis was less dangerous

because it received early treatment and that the

duration of ketosis was more important than the

degree. It is difficult to assess the value of

this statement because minor ketosis is very common'

in pregnant diabetics and the duration of such

ketosis is usually unknown in an individual case,
'

Despite the number of authorities who consider

ketosis to be an important cause of foetal death,

it appears that the evidence against such a view

is strong.

Severity of Maternal Diabetes.

Does the severity of the maternal diabetes

influence the foetal mortality rate? The major

difficulty in answering this question is expressed

by another; how does one estimate the severity of

diabetes? The most common method is to consider

the /



the severity of the disease in terms of the insulin

requirement, but there are certain disadvantages in

such a procedure (Pedersen, 1952a). Diet, exercis

infection, mental activity and endocrine changes,

such as occur in pregnancy, all Influence the

insulin requirement and are all variable factors,

so that it is common to find wide variations in

insulin requirement particularly during pregnancy,

and often it is very difficult to apportion the

responsibility for such changes amongst the many-

possible causes. However, various authors have

attempted to relate maternal insulin requirement

to foetal loss. Peel and Oakley (1950) found a

foetal loss rate of 40$ in 595 women who required

insulin compared with 53$ in 42 women whose diabetes

was controlled by diet alone, but they did not

consider that this difference was significant.

Given, Douglas and Tolstoi (195$) noted that the

foetal loss rate was 22.6$ in 55 women who did not

require Insulin and 25.6$ in 78 who did receive

insulin therapy and they concluded that the severity

of the diabetes was of little importance in relation

to foetal mortality. Cramer (1951) thought that

severe diabetics showed a higher foetal loss rate

than mild diabetics and gave figures of 26$ in 19

cases /
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cases needing no insulin and 3-4,6 in 38 cases needing
more than 40 units of insulin per day. However,

j

if one divides his cases into 19 needing no insulin

and 63 who did have insulin, the respective foetal

mortality rates are 26% and 30.1$, with a difference

which is probably not significant. Frankel (1950)
likewise found that the severity of the diabetes,

in terms of insulin requirement, was not the import-

ant factor in producing infant deaths.

As already mentioned, grading of the severity

of diabetes in terms of insulin requirement is un¬

satisfactory and some workers (White, 1949, 1952;

Pedowitz and Shlevin, 1952) believe that it is more

logical to grade cases with regard to the duration

of the disease, age at onset of diabetes and the

extent of vascular complications such as retinitis,

nephritis and calcification of pelvic vessels.

On the basis of such features, White (1949, 1952)
has drawn up a rather elaborate plan for the class¬

ification of pregnant diabetics. Each grade is

given a letter 'and the severity of the disease

advances from A to F. The following is an outline

of her plan:

Class A: Sub-clinical diabetics. Diagnosis

made by glucose tolerance test which differs only

slightly /
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slightly from normal. Require no insulin and

little dietetic treatment.

Class B; Onset of diabetes in adult life

(over 20 years of age). Duration of diabetes less

than 10 years. Ho evidence of vascular disease.

Class C: Onset of diabetes between 10 and 19

years of age. Duration of diabetes between 10 and;

19 years. No evidence of vascular disease.

Class D: Onset of diabetes before 10 years of

age. Duration of diabetes greater than 20 years.

Or those with retinitis or calcification of leg

vessels irrespective of age at onset and duration

of disease.

Class E: Those with calcified pelvic arteries;

Class F; Those with vascular nephritis

(diabetic nephropathy).
White (1952) emphasised the need for special

examinations such as radiography of legs and pelvis,

ophthalmoscopy and renal function tests in the

allotment of patients to their appropriate classes.

She did not give detailed figures for the number of

patients in each class, but from a diagram it seems

that 525 pregnant diabetics were distributed in

approximately the following ways Class A, 2oj

B, 145j C, 190; D, 120; E, 35i F, 15. White

(1952) /



(I952) said that 70$ of her cases were in Classes

C to F inclusive. To emphasise the value of her

scheme of classification she gave the incidence of

foetal survival for each class in a series of 702

j diabetic pregnancies. She considered separately
the 424 cases that received hormone therapy and the

273 cases that had no hormone therapy, but that is
i

not germane to the present discussion. Table 18

shows her results. It is quite evident that the

prognosis for the foetus grows worse as one advances

from Class A in each group of eases and hence White

contends that severity of diabetes estimated in this

way is a factor of the greatest importance in rel¬

ation to foetal loss.

Foetal survival per cent.

Class Treated Mot treated

A 100 100

B 79 67

C 82 48

D 78 32

E 46 15

F 50

Table 16.

Incidence of foetal survival in 702 cases
by severity of diabetes and hormone therapy.

(Modified from White, 1952.)



Oakley (1953) could find no relation "between

the insulin requirement and the foetal mortality.

Heither could he determine any correlation between

the age of onset of the maternal diabetes and foetal

mortality in 267 diabetic pregnancies, the foetal

mortality rate being 30$ in 70 cases with the onset

of diabetes between 1 and 15 years and 31$ in 92

cases with an onset after 25 years of age. In 665

pregnancies Oakley was unable to find that duration

of diabetes played any part in determining the

incidence of foetal death. Finally, Oakley examined

the foetal loss in 14 cases that showed evidence of

retinitis before the onset of pregnancy and found

that only 2 infants died. In the same way there

was a 100$ foetal survival in 6 cases that had

albuminuria at the time of conception. Oakley's

findings are in marked contrast to those of White

(1952) in that he could find no evidence that the

foetal loss increased with the severity of diabetes,

however that severity was assessed.

Andersson (1950) found that there was a foetal

loss rate of 45-5$ in a series of 22 cases that had

a duration greater than 10 years. Andersson was

in agreement with Oakley (1953) in concluding that

the duration of diabetes was of no importance in

determining /



determining foetal loss. On the contrary, Cramer

(1951)> Reis, DeCosta and Allweiss (1952) and

Pedowitz and Shlevin (1952) all supported White

(1952) with varying degrees of enthusiasm in the

belief that foetal loss increases with the duration

of maternal diabetes.

To summarise the evidence, it is clear that

severity of diabetes as measured by insulin require-*

mant is not related to the incidence of foetal loss,

but when that severity is measured by duration of

diabetes and the presence of vascular complications

the position is less well defined and considerable

difference of opinion is evident. We must await

the publication of further data before this question

can be answered.

Pregnancy in Experimental Diabetic Animals.

Before leaving the question of whether diabetes

per se has any influence upon the fate of the foetus

it is perhaps worthwhile to refer to animal exper¬

iments designed to investigate the effects of

alloxan diabetes and pancreatectomy diabetes upon

pregnancy. It is always difficult to interpret

the results of animal work in terms of human

medicine and in this particular case there is an

additional /



additional hazard because alloxan and pancreatectomy

both cause diabetes by destruction or removal of the

cells which produce insulin* These are simple

forms of diabetes with an obvious cause and it is

reasonable to suppose that the other endocrine

organs, in particular the adrenal cortex and

anterior pituitary, are normal except for any

changes which may result from the absence of insulin

and are thus of a secondary nature. Human diabetes,

especially in young people, is an infinitely more

complex endocrine disturbance in which the primary

faults may well lie in the pituitary or the adrenals

rather than the pancreas, and it is therefore not
>

comparable with these forms of experimental diabetes

in animals. If these animal experiments have any

real value it is most likely to be because they do

at least produce a disturbance of carbohydrate

metabolism in which hyperglycaemia, glycosuria and

ketosis are present as they are in human diabetes,

and we may thus learn something of the direct

effects of this disturbed carbohydrate metabolism

upon pregnancy.

Hultquist and Engfeldt (1949) and Hultquist

(1950) investigated the effects of diabetes pro¬

duced by subtotal pancreatectomy in the pregnant

rat. /



rat. They found that in 204 rats this operation

resulted in death in 83, abortion in 46 and over¬

growth of a proportion of the offspring of the

remainder. The foetuses were large in length and

weight and showed both splanehnomegaly and oedema,

these findings being most marked when insulin was

given. There was a high foetal mortality rate of

about 80$. The authors remark upon the resemblance

of these findings to the pathology in the infants

of human diabetics. They were unable to show the

mechanism which determined foetal overgrowth and

death. Prolongation of pregnancy was not an imp¬

ortant factor though it did occur, the mean duration

in the diabetic rats being 22.6 days as opposed to

21.7 days in controls.

In contrast to the results of Hultquist and

Engfeldt (1949) with panereatectomisea rats, a

number of workers (Davis, Fugo and Lawrence, 1947)

Levi and Weinberg, 1949 j Sinden and Longwell, 1949

Lindau and Morgans, 1950) have studied the effects

of alloxan diabetes on pregnancy in the rat. They

have observed an increased foetal death rate, some¬

times occurring early in pregnancy with resorption

of the foetuses, but no increase in foetal size in

the pregnancies which went to term. Miller (1947)
examined /
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examined the effects of alloxan diabetes on preg-

nancy in rabbits, dogs and rats. He found no

instance of foetal overgrowth but noted a foetal

loss rate of about 50$ in the rabbits.

The results of all this work are confusing but

it does seem that diabetes following pancreatectomy

or the administration of alloxan increases the

foetal mortality rate in some animals. In many

cases the diabetes was not controlled with insulin

and in some the foetal deaths were early and corres¬

ponded with abortions in the human. Alloxan

diabetes does not give rise to overgrowth of the

foetus, and alloxan administered to pregnant rats

does not cause diabetes in the foetuses (Friedgood
. and Miller, 1945)• If the work of Hultquist and

Engfeldt (1949) is repeated it will be necessary to

consider the significance of overgrowth of the

foetuses in the pancreatectoraised pregnant rat.

Complications of Pregnancy.

Hydramnios has already been shown to be common

in diabetic pregnancy. Peel and Oakley (1950)

regarded hydramnios as "a most sinister development

in the course of a diabetic pregnancy." They

remarked upon the well known association between

bydramios /



hydramnios and congenital anomalies of the foetus,

and they showed figures which suggested that

hydramnios was related to an excessive foetal birth

weight. They also considered that hydramnios was

often associated with toxaemia and In 43 cases of

hydramnios at King's College Hospital they had a

foetal mortality rate of 44.2$ compared with 24.9$
in the whole series of 141 pregnancies, Brosset

'

and Werko (1950) had 12 cases of hydramnios with

7 foetal deaths. Thus it seems that hydramnios is

associated with an increased foetal death rate, but

the significance of this finding with regard to

diabetic pregnancies is in some doubt because it ha$

the same unfortunate reputation in the non-diabetic.

Mueller (1948) reported 62 cases of chronic liydram-

nios in 49,793 deliveries, an incidence of 1 in 794,

which is very much less than that found in diabetic

patients. Only 48$ of the 65 infants in these

cases survived, and 19 of the infants had congenita],

anomalies. It would seem that the chief signif¬

icance of hydramnios in diabetic pregnancy depends

upon its increased frequency and that its association

with foetal death is notorious both in diabetics and

non-diabetics.

Toxaemia /



Toxaemia of pregnancy has also been shorn to

be more common in diabetic pregnancy. There is

still much discussion about the importance of

toxaemia as a cause of foetal death, and it is

easy to find authors who express opposing views*

White (1952) considered that toxaemia was associated

with intrauterine death of the foetus though not

the cause of that death. Her views on the subject

will be discussed in a later section. Pedowitz

and Shlevin (1952) stated that toxaemia and ketosis

were the main causes of foetal death in the diabetic.

Iiurwitz and Higano (1952) reported a foetal mortal¬

ity of 50;! in 40 toxaemic cases as opposed to 20,1
in 100 non-toxaeaiic cases; they stated that the

relationship of toxaemia to intrauterine deaths was

not completely clear. Oakley (1955) analysed two

large series of cases and found in each that the

foetal mortality rate was slightly higher in the

toxaemic cases than in the others, (44.2$ compared

with 40.3$ and 32.2$ compared with 26.7$). He

concluded that toxaemia was "clearly not the answer,

nor can one expect that any form of therapy directed

against it will appreciably lower the foetal death

rate." Allen (1939)» Lavietes et al. (1943),
Andersson (1950) and Cramer (1951) all discounted
the /



the view that toxaemia was responsible for the high

foetal mortality in diabetic pregnancies. Barns

and Morgans (I949) pointed out that the foetal

mortality in non-diabetic pregnancies complicated

by toxaemia was only about half of that where

diabetes and toxaemia were found together. They

reported intrauterine death of the foetus in cases

that were not toxaemia and said that neonatal death

y/as seldom associated with toxaemia. They con¬

cluded that toxaemia was not the primary factor in

the high foetal mortality in diabetics.

Summary.

The search for factors associated with foetal

mortality and morbidity has not revealed any one

feature or complication which is clearly the cause

of a majority of the infant deaths in diabetic

pregnancies, Congenital anomalies, birth injury

of a large baby, poor control of maternal diabetes,

the vascular complications of longstanding diabetes^

hydramnios and toxaemia may all in their turn have

some bearing,on foetal death either as causes, or

as associated phenomena which may arise from the

same unknown factor which causes foetal death, in

which case they may be looked upon as ill omens.

But /



But it is clear that not one of these features which

have been discussed bears & large responsibility

for the problems which have to be solved. The

next section will be devoted to hypotheses 'which

have been developed in attempts to clarify the

| situation.
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THE HORMONAL IMBALANCE HYPOTHESIS

Introduction.

This hypothesis, which is far from simple, has

developed over the past 20 years originally as the
'

result of work done by Smith and Smith in Boston

as an investigation of the aetiology of toxaemia

of pregnaney. In order to find patients who were

likely to develop toxaemia they took advantage of

the proximity of Josliii's clinic and studied diab¬

etics, in whom the incidence of toxaemia was known

to be high. In this way the Smiths joined forces

for a time with White, who saw in their work and

hypotheses an explanation for the unfortunate fate

of the foetuses of diabetic mothers. In due cours#

methods of hormonal treatment were devised in an

attempt to prevent toxaemia and then developed by

White for use in the diabetics, with results which

she claims to be of the greatest value in the

prevention of maternal toxaemia and infant death.

A great deal of discussion has followed 'the pub-

lication of White's results and many arguments have

been employed against her views. In the following

pages I propose to outline the origins of this work,

to attempt to explain the Smiths' views on the

aetiology /



aetiology of toxaemia, to describe White's thera¬

peutic application of the work and to discuss the

significance of the claims of the Smiths and White.

The Development of the Work.

The unsolved problem of the aetiology of pre-

-eelampsla, the specific toxaemia of pregnancy

(Kellar, 1950), is of great practical and theoret¬

ical importance in obstetrics and has been the sub¬

ject of much research. It is not within the scope

of this thesis, or the competence of the writer, to

discuss the problem in full and rxo such attempt

will be made. The discussion will be limited to

the work of the Smiths, in so far as it may bear

upon pregnancy in the diabetie, and the findings of

other workers will be mentioned only when they have

some connection with this work. This is done in

the full realisation that the Smiths have been

concerned with only one of the many attempts to

explain the aetiology of toxaemia and that much

which is important in respect of toxaemia will be

omitted because it does not seem relevant to diab¬

etic pregnancy.

The work of G. van S. Smith and Q.W, Smith

has been reported in a long series of papers and

was /



was reviewed in detail five years ago (Smith and

Smith, 194-8) . It would take too long to refer to

each paper in full and I propose to summarise the

main findings in chronological order. In the

following summary th® dates refer to papers by

Smith and Smith and for the sake of brevity the

names are not repeated each time. The terms

chorionic gonadotrophin, CG, oestrogens and pro¬

gesterone are used throughout, although in early

papers these were referred to by different names

such as "prolan", "estrin" and "progestin" which

have lost their place in modern terminology.

1955. 14 toxaemic women had high levels of

CG in the blood and urine during the last trimester

of pregnancy. In some there were low levels of

oestrogens in both blood and urine. At this time

the Smiths thought that the gonadotrophin was

probably of pituitary origin.

1951. Assays of blood and urine from 26
toxaemic patients studied in the third trimester

showed high levels of CG in 25 cases and low levels

of oestrogens in 18 cases. One woman had both

these abnormal features at the 6th month of pregnancy

and developed signs of toxaemia at the 8th month.

The Smiths considered that "a quantitative imbalance

of /



of these hormones, due to excess CG and, less

consistently, subnormal levels of oestrogens is

typical of toxaemias of late pregnancy."

19'55a. In normal pregnancies there was a

peak level of CG in the 2nd, 3rd or 4th month,

followed by a marked fall and maintenance of an

almost constant level. There was an increase in

both blood and urinary oestrogens as pregnancy

advanced, with a peak at terra. In toxaemlc cases

an excess of CG was probably present for some time

before the appearance of symptoms. High CG levels

in the 6th or 7th month might be an indication that

toxaemia would develop. The degree of excess of

CG did not always run parallel with the severity

of toxaemlc symptoms.

1935b. Evidence of the placental origin of

the gonadotrophin was described. High levels of

CG and low levels of oestrogens were found in the

placentae of toxaemic women, as compared with those

having normal pregnancies. It was remarked that

toxaemia did not occur in cases of chorion epithel¬

ioma despite the presence of large amounts of CG.

The Smiths suggested that "continued overproduction

of CG by the placenta Is probably a related factor

and possibly causal in the aetiology of late

pregnancy /
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pregnancy toxaemia and eclampsia."

1957. Smith, Smith, Joslin and White (1937)

reported a study of 11 pregnant diabetic i*omen of

whom 6 developed toxaemia. They noted that an

abnormal rise in serum CG preceded clinical toxaemia

by at least 6 weeks. One diabetic was delivered

of a normal baby, weighing term despite

a rise in the serum CG from the 6th month onwards.

1953. It was reported that the urinary

excretion of pregnanediol was decreased in cases of

toxaemia. It was suggested that progesterone

facilitates the conversion of oestrone to oestriol

thus protecting ©estrogens from destruction and

allowing greater utilisation of these hormones.

It was postulated that treatment of toxaemia with

progesterone and oestradiol benzoate might be

successful if it was started early enough.

1959. Urinary CG assays were found to be

less reliable than serum assays in the prediction

of toxaemia, because the urinary CG often did not

rise until symptoms appeared, whereas the serum CG

rose 4 to 6 weeks earlier. A slight rise in serum;

and urine CG in the last month of pregnancy was

noted and considered to be normal. The serum CG

did not rise in cases of hypertension or nephritis

as /



as it did in pre-eclampsia. 8 of 15 women with

| premature delivery had high serum GO levels, 10

out of 85 toxaemic women had normal CG levels.

Of 85 patients who had high serum CG levels, not

one had a normal pregnancy. 51 pregnant diabetics

were studied and of the 17 who had high serum GG

levels, 15 had toxaemia and 4 had premature deliv-

j eries,
1

1940. Evidence was given of clinical improve-*

meat in toxaemia after injection of large doses of

oestradiol and progesterone. This was considered

to be replacement therapy, making good the imbalance

due to decreased production of placental steroids.

It was thought to be of limited clinical value

because of difficulty, expense and lack of response

in severe cases. The aetiology of pre~eclampsia

and certain cases of premature delivery was thought

to be associated with premature development of an

hormonal situation entirely similar to that preced-
r-i.. \ 9

ing normal delivery.

1941. Smith, Smith and Schiller (1941)

postulated that in normal pregnancy there was a

peak level of progesterone and oestrogen production

between 8 and 24 days prior to the onset of labour

and that this peak was follo^-ved by a withdrawal of

; progesterone /
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progesterone and oestrogen and an increased des¬

truction of the latter. They thought that this

relative hormonal deficiency might play a part in

the onset of labour. They suggested that an

increase in intrauterine pressure might lead to a

reduction in progesterone secretion.

1911a. In 22 cases of toxaemia the following

urinary abnormalities accompanied the rise in serum

CG levels? Decreased levels of pregnanediol and

oestriol. Increased percentage of ©estrogenic

activity due to oestradiol. Increased oestrogen

breakdown products.

The rise in serum GG might be duo to a failure

of its utilisation in the production of progesterone

or to an overproduction as a compensatory mechanism,

It was suggested that any restriction of placental
blood supply might lead to a deficient production

of progesterone.

1941b. A trial of progesterone and oestradiol

benzoate treatment in 16 cases of toxaemia was

reported. There was some clinical and hormonal

improvement in 4 mild and 2 severe cases. 3 cases

in which it was hoped to prevent toxaemia developed

mild symptoms which were apparently controlled by

an increase in dose. It was concluded that hormone

therapy /



therapy would have no more than a temporary pall¬
iative effect unless given early in the course of

the disease. The difficulty and expense of the

treatment were emphasised and it was thought to he

of little practical value to the clinician.

1944. Smith, Smith and Hurv/itz (1944) made

a study of 16 pregnant diabetics who did not receive;

hormone therapy. In these patients it was found

that a rise in serum CG did not always precede the

accidents of late pregnancy which involved foetal

death. It was concluded that, although composite

findings showed a low pregnanediol excretion in the

patients in whoa accidents of late pregnancy devel¬

oped, the normal range was so wide that pregnanediol

assays in a single case were of little diagnostic

significance. They stated that one might expect

almost as many foetal or neonatal deaths in cases

whose serum CG was normal as in those in whom it

was raised, and decided that hormone assays appeared

to be of little value in determining which patients

to treat.

1945. Evidence was produced which was con¬

sidered to demonstrate the presence in the blood

of a toxic substance produced by the endometrium

following the withdrawal of "hormonal support."

This /
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This toxin might cause menstrual bleeding and the

vascular damage of late pregnancy toxaemia,

1946. It was reported toy Smith, Smith and

Hurwitz (1946) that foetal loss in diabetic preg¬

nancies was associated with the deficient production

of placental steroids and excessive serum levels of

CG. Replacement therapy with oestradiol and pro¬

gesterone decreased the foetal loss. This was

expensive and difficult. In searching for a

method of stimulating placental production of

steroids, they found that diethylstilboestrol had

the same effect as inactivflHKe breakdown products

of oestradiol. When this substance was given to

a pregnant diabetic her pregnanediol excretion rose,

and on withdrawal of treatment it fell. They

proposed the use of diethylstilboestrol to prevent

premature delivery, pre-eclampsia and foetal death.

Treatment was to start at the 7th week or as soon

thereafter as possible.

1949. A report of the trial of diethylstil¬

boestrol in l80 women who had previous bad obstetric

histories showed good results. In 76 women with

a history of foetal loss from premature delivery in

77% of their previous pregnancies, there was a 49$
incidence of premature delivery but only 20$ foetal

loss /
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loss when diethylstilboestrol was used. The foetal

mortality associated with pre-eclampsia was 6.2% in

the treated cases and 4y% in the past history of the

same patients.

The Smiths1 Hypothesis on the Aetiology of
Pre-eclampsla.

This hypothesis is developed in a review of

the work which has been summarised above (Smith and

Smith, I94S). It is not easy to follow and is not

set out very clearly in the review, but it is pres¬

ented below in as simple a form as possible, and

without further documentation in the shape of

detailed references.

In the aetiology of toxaemia there may be a

variety of primary factors, one or more of which

may operate in any one case. These may be divided

into two groups, the first being a hypothetical,

intrinsic, metabolic abnormality of the placenta

and the second anything which may impair the blood

supply of the placenta. In the scond group there

are conditions which raise the intrauterine pressure

such as hydraranios or twin pregnancies, and vasc¬

ular disease such as hypertension or the athero¬

sclerosis /



atherosclerosis of longstanding diabetes, partic¬

ularly when it involves the pelvic vessels. The

initial placental damage, whatever its cause,

results in degeneration of the syneitium, which

normally produces the placental steroids, oestradiol

and progesterone. This degeneration is accelerated

by the reduction in steroid secretion which further

impairs the blood supply and nutrition of the

placenta and which itself is caused by the syncitia^.

degeneration. A vicious circle is thus set up.

The impaired secretion of placental steroids has

other results. First, there is an increase in the

serum level of CG because there is less utilisation

of this hormone by the syncitium in the secretion

of the steroids, (or possibly the increase in serum

CG is in the nature of a compensatory mechanism, an

attempt to stimulate the failing syncitium).

Second, there is a decrease in the urinary exeretlor.

of pregnandiol, a product of progesterone metabolism

and of oestrogens. Third, there is an alteration

in the pattern of oestrogen excretion.

Progesterone is thought to facilitate the

conversion of oestrone to oestriol, a relatively

stable substance. When progesterone is deficient,

decreased amounts of oestriol are formed and the

urinary /
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urinary level of this oestrogen falls. Instead

oestradiol and oestrone are oxidised and inactivated

and the inactive products are excreted in the urine

in increased quantities. They can be reactivated

and recovered from the urine by hydrolysis frith

zinc and hydrochloric acid. These inactivation

products of oestrogens are thought to facilitate

the utilisation of CG by the syncitium in the

secretion of steroids, but to be unable to do this

if syncytial degeneration had advanced beyond a

certain stage.

In three diabetic women the Smiths found a

low level of oestrogen oxidation products in the

urine at the 28th week of pregnancy and considered

that in some cases this deficiency might itself

lead to an impaired secretion of steroids by the

placental syncitium, and consequent failure to

utilise CG, and that there was thus an alternative

method by which the hormonal imbalance in toxaemia

sight arise.

Degeneration of the syncitium is considered

to result in the formation of a toxin related to

"menstrual toxin." This causes vascular damage

which produces the signs and symptoms of pre-

-eclarapsia. At the same time it leads to further

impairment /



impairment of placental blood supply and so another

vicious circle is set up. Intrauterine death of

the foetus may result from the placental damage

possibly combined with the effects of the toxin

upon the foetus. Premature delivery may result

from the hormonal imbalance which the Smiths con¬

sider to be in some respects a premature development

of the hormonal picture which immediately precedes

normal delivery. Thus the Smiths' hypothesis

depends upon the presence of a primary factor which

may be in the nature of vascular disease and suggest

that the ultimate mechanism in the production of

toxaemia is the release of a toxin from the placenta

The very complex hormonal abnormalities which they

have studied for so long represent for the most part

intermediate and contributory mechanisms.

The use of oestradiol and progesterone as

forms of replacement therapy was first tried but

found to be of little value once toxaemia load become

established. Their employment as a preventive

measure was more encouraging but was abandoned by

the Smiths because of the expense and difficulty of

treatment. The Smiths considered that diethylstil-f

boestrol given by mouth behaved in the same way as

the inactive oxidation products of oestradiol and

oestrone /



©estrone in that it stimulated the syncitium to

secrete steroids and use CG in the process. They

considered this to be a more satisfactory and phys¬

iological approach to the problem and in 1919 they

reported success in the prevention of pre-eclampsia

and foetal death by "prophylactic stimulation of

the secretion of placental steroids" with diethyl-

stilboestrol alone, administered from early in

pregnancy.

White's Application of the Hormonal Imbalance
Hypothesis in Diabetic Pregnancy.

It has already been described how the Smiths

collaborated with Priscilla Fnite in the investig¬

ation of pregnant diabetics, and it was at the

instigation of the Smiths that treatment of these

patients with ©estradiol and progesterone was

started. White et al. (1939) reported the early

results of this work. In 35•consecutive diabetic

pregnancies the accidents, stillbirth, neonatal

death and miscarriage, with one exception, occurred

in the group of patients with high serum CG levels.

The results of "replacement" therapy with oestradiol

and progesterone were shown by dividing the patients

into three groups, a method which White has followed

in subsequent papers. The first group, of 14

patients, /



patients, had normal CG levels and a complete

absence of toxaemia or miscarriages. One baby

died in this group. The second g*oup consisted of

10 patients with high serum levels of CG and no

replacement therapy. Seven of these patients

developed toxaemia, 4 miscarried and 6 had dead

babies. In the third group, of 9 patients, with

high CG levels who did receive replacement therapy,

there was one foetal death but no miscarriage and

although 8 patients developed mild symptoms of

toxaemia they all recovered during treatment.

Much encouraged by this early result, White

continued to study the hormonal balance of her

pregnant diabetics by assays of the serum CG and

urinary pregnanediol, and in a few cases oestrogen

assays were also performed. She reported the

results of this work at intervals as her experience

increased and it is not my intention to refer fully

to each paper (White and Hunt, 1940, 194JJ White,

1945, 1947, 1949, 1952) but to discuss in detail

the latest report (White, 1952) which gives the sum

of her experience and her present views.

White (1952) reported the results of her work

in a series of 525 consecutive diabetic pregnancies

which reached the stage of viability (infant weight
of /



of more than 21bs. or a gestational age of 28 weeks).
This series is unique in its size arid also because

in 60.5# of the patients diabetes began in childhood

or adolescence, 4$% had been diabetic for more than

10 years and J2;3 had demonstrable vascular disease.

Methods: Serum CG is estimated in White's

clinic by a method involving the precipitation of

the serum with ethanol and extraction with ether.

Immature female rats are used and the end-point is

the macroscopic determination of mature corpora

lutea. The results are expressed in "rat units"

per 100ml. of serum and are not related to the

international standard unit. This makes it imposs¬

ible to compare her results directly with those from

other clinics, Pregnanediol was estimated at first

by the method of Venning (1957* i-938) and later by

that described by Astwood and Jones (1941). Few

oestrogen assays were done because the biological

method used was slow and cumbersome. Hormonal

imbalance was said to exist when there were high

levels of serum CG between the 24th and 56th weeks,

low levels of urinary sodium pregnanediol glucuron-

idate and low levels of serum oestrogen with abnor¬

mal ratios of the degradation products.

Hormonal /



Hormonal Therapyt White's views on hormone

therapy have changed with time. We have already

seen (White et al.. 1959) that the early cases were

given intramuscular injections of ©estradiol benzo-

ate and progesterone as a form of replacement ther-

apy. Like the Smiths she abandoned ©estradiol

benzoate in favour of a synthetic oestrogen (in
this case, stilboestrol) but she is sceptical about

the view that this behaves like the oxidation pro¬

ducts of oestradiol in stimulating the placental

production of steroids, at any rate in the diabetic

(White, 1952) and, in consequence, she gives both

stilboestrol and progesterone as "replacement"

therapy. Although she now gives these two substan¬

ces by daily intramuscular injection, many of the

earlier cases received different forms of treatment.

Various oestrogen preparations both natural and

synthetic were administered by various routes.

White (1952) claims that oral administration of

stilboestrol is less effective than parenteral and

suggests that this may be because diabetic neuro¬

pathy interferes with its absorption. This seems

to be a highly improbable explanation because she

is quite ready to use other drugs, such as ammonium

chloride, by mouth in the same patients, and mal¬

absorption /
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malabsorption of any severity is rare in diabetics

and even more so in pregnant diabetics. Some

patients were given ethinyl testosterone (ethister-

one) instead of progesterone. There has been a

general increase in the scale of doses and these

are now adjusted according to the grade of severity

of the diabetes. The grades have already been

explained in the section on the causes of foetal

loss. Patients in grade A do not receive hormone

therapy. Those in grades B and C start with 5®S*

daily of stilboestrol and progesterone and work up

to 50JSS' daily of each. Patients in grades E and

F start with 25©g. daily and finish with 125mg.

daily. These are minimal scales and the doses are

increased if hormone assays show abnormal readings

or if hydramnios or toxaemia develops.

Perhaps the greatest change that has taken

place is in the time when treatment begins. In

early cases the period of treatment varied between

5 and 32 weeks (White, 1949)* White (I947) reported

that in most cases therapy was inaugurated if the

pregnanediol curve fell below the normal minimum

level or if two readings of serum CG exceeded 200

R.U. per 100ml. of serum between the 24th and 36th
weeks. White (1949) stated that therapy started

at /



at the 6th week and continued until the day before

delivery. White (1952) says that the plan of

hormonal therapy is given to the patient at the

diagnosis of pregnancy and in the dose table the

starting level is said to begin between 0 and 10

weeks. This change in practice is important

because it means that therapy begins before it is

possible to decide whether a patient has or has not

got an abnormal hormone balance. Prior to the

100th day of pregnancy the serum CG is often high

in normal individuals and the urinary pregnanediol

is generally low. In consequence, it is very

difficult to understand how White divides her cases

into groups according to whether or not the hormone

levels are normal. In fact her successive reports

show tH&t she has had very few patients who were

said to have had normal hormone balance throughout

pregnancy, and a study of Table 19 suggests that

in the years 1949-1952 there was hormonal imbalance

in 100$ of her cases. Ho explanation is offered

for the discrepancy between the figures given for

"normal" cases in 1947 and 1949.

Results of Hormone Therapy: In Table 19 may

be seen the general results upon which White's

claims for the efficacy of hormone therapy are based.
Taking /



DivisionofCasesbyHormoneLevelsandTherapy
Publication

Normal

F.L.R.

Abnormal Untreated
F.L.R.

Abnormal Treated

F.L.R.

Total Cases

F.L.R.

White&Hunt(1940)
25

Q%

12

5%

24

10$

61

White&Hunt(1943)
41

5$

27

40$

57

do

125

23^

White(1917)

64

3%

50

48^

157

10^

271

VI.3$

White(I949)

47

3$

39

42$

297

11,%

433

is$

White(1952)

47

4%

93

Wt,

CO

380

10%

525

16;t

Table19.

ConstructedfromfiguresinWhite'spublications toshowFoetalLossHate(F.L.R.)inhercases.
Thecasesaredividedaccordingtowhethertheyhadnormalorabnormalhormonelevelsandthelattergroupagainintothosetreatedandthosenottreated.
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Taking only her latest figures (White, 1952) she

compares first the 47 patients who had a spontan¬

eously normal hormonal balance with the 98 who had

an abnormal balance and had no oestrogen or pro¬

gesterone therapy. The foetal survival in the

first group was $6% and in the second only 52$.
Then comparing the two groups who had abnormal

hormonal balance, 98 without hormonal therapy and

580 with sex hormone therapy, the foetal survival

rate was only 52$ in the untreated and as much as

90$ in the treated. Toxaemia (defined as hyper-

tension and/or albuminuria developing after the

23th week) was not seen in the 47 patients with

normal hormone levels, but occurred in 55$ of 116
cases with abnormal levels who were either untreated

or only treated after the clinical signs of toxaemia

had developed. In the 362 cases with abnormal

levels whose treatment began in the first trimester

of pregnancy the incidence of toxaemia was only 7$«

Spontaneous premature delivery before the

58th week did not occur in the 47 cases with normal

levels but was seen in 55$ of the 98 cases with

hormonal balance and no treatment and in 17$ of the

jSO who were treated.
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White (1952) further divided the group of cases

with hormonal imbalance who received sex hormone
V ;j

therapy into those showing "response" to therapy,

in that they had normal hormone levels during treat*

ment, and those showing "no response" to therapy,

in that they continued to show high levels of serum

CG and/or la?/ levels of urinary pregnanediol. 60M
of the treated cases fell in the "response" group.

When the incidence of obstetrical abnormalities,

such as intrauterine death of the foetus, hydramaio$.

pre-eclampsia and premature delivery, was examined

it was found that there was little difference between

the patients who had imbalance but no treatment and

those who were treated without response. Those

who responded to treatment showed approximately

half the incidence found in the other two groups.

When foetal loss was considered the "response" group

again showed better results than the other two.

In brief, White believes that normal hormone balance

is rare in diabetic pregnancy, but that when this

is present, a normal pregnancy and foetal survival

rate occur. Normal hormone levels were never found

in the patients in grades D, E and F in her class¬

ification of the severity of diabetes. Yfoere

hormonal imbalance Is found, there is likely to be

a /



a high foetal loss rate and many complications of

pregnancy arise. The prognosis in each respect is

much improved by treatment with stilboestrol and

progesterone, which corrects the hormonal imbalance

in 60% of cases. Thus, although her treatment

differs from that recommended by the Smiths and her

views on the significance of the hormone assays do

not quite tally with theirs, many believe that

White's results are a striking practical demonstra¬

tion of the importance of the Smiths1 long and

patient research.

Discussion of the Hormonal Imbalance Hypothesis and
Its Therapeutic Application.

It is of the first importance to assess the

worth of hormone therapy in diabetic pregnancy, for

if White is correct, this form of treatment should

lead to a great increase in foetal survival and a

corresponding decrease in maternal morbidity, and

it should be made available to all pregnant diabetid

women. Much has been written about this subject

and it is not possible to review the whole literature.

I propose first to refer to the work of a few of th^
many who have repeated various aspects of the fund¬

amental research of Smith and Smith, then to mentio4
the experiences of those who have treated pregnant

diabetics /
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diabetics with sex hormones in the same way as

White and finally, to describe the views of some

of the workers who have criticised various aspects

of the work without necessarily having been directly

concerned with attempts to repeat it.

The Biochemical Evidence: There is much

difficulty in comparing reports of the work of

different laboratories in the field of hormone

assay. Many different methods are used and the

results obtained by these methods differ even in

normal cases. Biological methods of assay, such

as are used for the estimation of CG, are difficult

to perform and many workers still do not express

their results in terms of International Units and,

in consequence, the value of their work is limited

because results in abnormal cases can be compared

only with the normal figures for that particular

laboratory.

Raised levels of CG in both the blood and the

urine have been found in a proportion of cases of

pre-eclampsia and of pregnant diabetics by several

workers. Rubin, Dorfman and Miller (1946) reviewed

the literature on the relation of raised CG levels

to toxaemia of pregnancy and noted that the propor¬

tion of toxaemic cases with raised CG levels varied

in the papers from different clinics. Browne,

Henry /



Henry and Venning (1959) found normal CG levels in
the majority of 21 cases of pre-eclampsia, but they

confirmed the views of Smith and Smith (1955a, 1959)
on the pattern of serum and urinary GG levels in

normal pregnancy. Taylor and Scadron (1959) found

raised blood and urine CG levels in only a few

cases of toxaemia in the group of 21 patients whom

they studied. They considered that the abnormal

hormone levels might simply reflect the disordered

metabolism of a patient suffering from toxaemia,

and expressed doubts about the causal relationship

of the hormone imbalance to toxaemia. Watts and

Adair (1945) also found a rise in urinary CG in a

small proportion of 43 toxaemie patients. They

stressed the extreme variability of values in an

individual case. Rubin, Dorfman and Miller (1946)

reported that they found no definite correlation

between raised serura CG levels and foetal death or

toxaemia in a small series of cases including 5

diabetics. Loraine (1949) using a method depending

on the increase in weight of the prostate in immature

rats, and expressing his results in International

Units, found high urine CG levels in 6 of 14 pregnant

diabetics. Keltz, Keaty and Hellbaum (1950) could

find no correlation between foetal loss and the

raised /



raised serum CG levels which they found in a pro¬

portion of JO diabetic pregnancies. The lowest

CG figures occurred in a case which ended in still¬

birth and they found foetal survival in cases with

high serum CG assays. Cramer (1951) reported high

serum CG in 5 out of 13 pregnant diabetics. This

could not be related to foetal loss. Loraine and

Matthew (I950) estimated urine and serum CG in 29

pre-eelamptic patients. They found that the mean

urinary excretion and serum concentration of CG

were significantly higher in cases of severe pre-

-eclampsia than in normal patients, but this was

not so in the less severe cases nor in cases of

essential hypertension. They concluded that routine

CG assays would be of little clinical value.

Low pregnanediol and oestrogen levels in the

urine were reported in cases of toxaemia by Browne,

Henry and Venning (1938) but they considered that

they might be due to impaired conjugation in the

liver. Taylor and Scadron (1939) also found

lowered pregnanediol figures in a small series of

toxaemic patients but likewise felt that hepatic

and renal function might be impaired in these

patients and that metabolism and excretion might

be at fault just as much as secretion. Watts and
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Adair (1943) found a very variable fall in oestrogen

excretion in 43 pre-eclamptic patients. Rubin,

Dorfman and Miller (1946) could not correlate either

low pregnanediol or low oestriol excretion with

foetal deaths in diabetics but felt that a low

level of both together might be correlated with

toxaemia. Kelts, Keaty and Hellbaum (1950) con¬

sidered that there was an apparently significant

relationship between low pregnanediol levels and

foetal death in 4 out of 12 pregnant diabetics, but

as their patients were treated with varying doses

of progesterone this conclusion is difficult to

evaluate. Rrosset and Y/erho (1950) found no

obvious relationship between hormonal imbalance and

toxaemia in 17 diabetic women.

There is little direct evidence of the effects

of treatment with stilboestrol and progesterone on

the hormone levels. Loraine (1949) found a

decrease in urine GG in pregnant diabetics who were

treated with stilboestrol. There was an initial

fall, followed in a few days by an "escape" to the

original level despite continued treatment. An

increase in the dose gave rise to further depression

of CG excretion. Some patients then becam refrac¬

tory even to large doses of stilboestrol, but might
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become sensitive again after the treatment had been

stopped for a few days. Keltz, Keaty and HelXbaum

(1950) failed to influence serum CG levels by treat-

ment with stilboestrol and progesterone in pregnant

diabetics during the third trimester. The same

authors emphasised the confusion that existed about

the effects of diethylstilboestrol therapy on

pregnanediol excretion. Smith, Smith and Hurwltz

(I946) reported a rise in pregnanediol in one

pregnant diabetic treated, with diethylstilboestrol,

Davis and Fugo (194-7) found no change in pregnane¬

diol excretion in early pregnancy when the same

drug was given in doses of from CJ0 to 20Omg. daily,

Abarbanel (1943) reported the same experience but

Sommerville, Marrian and Clayton (1949) found a

fall in pregnfnediol excretion in pregnant diabetics

treated v/itli the same drug, and incidentally were

unable to demonstrate any gross change in oestrogen

excretion in the same patients. The effects of

diethylstilfcoestrol administration on pregnanediol

excretion are therefore uncertain and much more

work requires to be done.

In summary, other workers have found the

hormone abnormalities reported by Smith and Smith

in toxaemic and diabetic women, but they have not
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found them In so high a proportion of cases, and

they have not been able to correlate them in. a

satisfactory manner with the occurrence of toxaemia

or foetal death. There is no universal support

for the biochemical findings which form the basis

of the work of White, and the significance of high

CG levels in the blood and urine and a low excretion

of pregnandiol and oestrogons remains in doubt.

It is by no means certain that urinary excretion of

pregnandiol and oestrogen® is an accurate reflec¬

tion of the production of progesterone and oestrogehs.

Experiences with Hormone Therapy In Diabetic
Pregnancy.

Hurwitz (1941) laid strong emphasis on the

need for adequate controls in the study of any

therapeutic measure in diabetic pregnancy. He

considered that this requirement could only be

fulfilled by the use of the procedure under, invest¬

igation in alternate cases of a large series.

Smith, Smith and Hurwitz (1944) emphasised again

the need for control by alternate cases, and at

the same time they stated that hormone assays

appeared to be of little value in determining which

patients to treat. So far there has been no report,

of a large series of diabetic pregnancies in which
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hormonal treatment has been investigated with

adequate controls as suggested by Hurwitz (1941).
The Medical Research Council in Great Britain has

recently concluded a trial in which stilboestrol

and ethisterone were administered to half of a

large series of pregnant diabetics and dummy tablets

to the other half. The cases were selected at

random by a statistician and he alone was aware of

the nature of the tablets given to each patient

during her pregnancy. Unfortunately the results

of this trial are not yet available, but it seems

to have been designed well and should give valuable

information on this method of treatment. It is to

be noted that the hormone therapy was not identical

with that used by White.

Oakley (1953) ghve hormone therapy to 50 preg¬

nant diabetics and compared the 42$ foetal mortality

in these cases with that of 27$ in his whole series

of 263 cases, which presumably includes the 50

treated and 213 untreated patients. Keltz, Keaty

and Hellbaum (1950) treated 27 diabetic women with

progesterone and diethylstilboestrol and reported

a foetal survival of 66.7$ which is not as high as

the 90$ claimed by White (1952) but much better

than the figure of 22.2$ for 11 previous pregnancies

in the same women in the absence of hormone therapy.
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Palmer, Crampton arid Barnes (194.8) copied White's

scheme of therapy with stilboestrol and progesterone

in 42 pregnant diabetics and reported a foetal

survival of 81.3$ which they compared with one of

60% in 41 previous cases not given hormone therapy.

Application of the chi-squared test to these figured

shows that they are of doubtful significance (Anno¬

tation, Brit. med. J., 1949)* quite apart from the

fact that the system of control may well be quest¬

ioned. Jordan (1950) reported 6 cases with 100$
foetal mortality in which high CG levels were found

but no therapy given. In 16 cases with high serum

CG and stilboestrol therapy the foetal mortality

was 19$. Other authors (Bowen, 1944; Randall,

1947J Barns and Morgans, 1949, 1952$ Bromberg and

Toaff, 1950; Woodall, 1950 and Moss and Mulholland,

1951) have reported the use of hormone therapy in

only very small series of cases and make no more

than tentative comments on the value of this form

of treatment.

In summary then, no report of an adequate

series of cases treated with hormone therapy has

shown the same order of results as those claimed

by White (1952) but it is true that there has so

far been no real attempt to repeat her work on a

large /



large scale, with the exception of the Medical

Research Council trial which is not yet published.

Although no workers have obtained results comparable

with those of White, a few have claimed that hormone

therapy is of value.

General Criticism of the Hormonal Imbalance
Hypothesis and its Application.

Hurwitz (1941) was an early but vigorous

critic of White's claims. As already mentioned,

he felt that she had not designed her trial in such

a way as to provide adequate controls, and he

assumed that Ytfhite felt her results were so much

better than those usually obtained, that she thought

controls were unnecessary. He went on to show that

he had conducted 53 diabetic pregnancies without

hormone therapy and with a foetal loss of only

15.0$!, He stressed the occurrence of abnormal

pregnancy in the presence of normal hormonal imbal¬

ance and stated that spontaneous correction of

hormone imbalance occurred in some cases.

Eastman (1946) gave the subject much thought

and produced some interesting arguments. He noted

that the Smiths' hypothesis of the endocrine aetiol¬

ogy of pre-eclampsia had not been confirmed. He

quoted the work of Snyder (1934) who prolonged
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pregnancy and produced large foetuses in the rabbit

by injections of CO. This induced the formation

of new corpora luted, which in turn produced pro¬

gesterone "the very substance recommended by White

to prevent giant foetuses."

Several authors (Dolger, 1951> Hall and

Tillman, 1951# Reis et al., 1952 and Pedowitz and

Shlevin, 1952) all state that foetal survival of

the same order as that claimed by White, has been

obtained without the use of hormone therapy. They

feel that good medical, obstetrical and paediatric

care produces results which would not be improved

by the addition of hormone therapy. Pedowitz and

Shlevin (1952) collected from the literature four

series of cases to which they added their own

figures. This gave a total of 554 viable preg¬

nancies with a foetal mortality of 19.1$. Hormone

therapy was not used in these patients and Pedowitz

and Shlevin remarked that the outcome was little

inferior to the 18$ foetal mortality in White's

455 cases (White, 1949). It may be suggested that

in judging the value of hormone therapy one should

compare Pedowitz and Shlevin's 554 cases who were

not treated, with only those of White's series who

were treated. On the other hand, it is quite
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correct to make comparisons between, two series of

consecutive cases irrespective of hormonal imbalance

and therapy, for if White's claims are valid, the

fact that she used hormone therapy in a majority of

her cases should make her overall results much

better than those of a series in which none was

treated. This does not seem to have been so when

one compares the 534 cases of Pedowitz and Shlevin

(1952) with the 455 of White (1949).
*

Other writers (Given, Douglas and Tolstoi,

1950) found that White's practice of delivering

the majority of her patients by caesarean section

at the 37th week of pregnancy made it difficult to

evaluate her claims for hormone therapy. They

questioned the need for early operative delivery,

because they felt that if hormone therapy prevented

toxaemia, premature delivery and intrauterine deaths

the pregnancies should be allowed to end in spon-'

taneous delivery at term. Peel and Oakley (1950)

questioned White's division of her cases into groups

with hormonal imbalance and balance, on the grounds

that such a division cannot be made in the first

trimester, when the serum GG is normally high, a

point which has already been discussed in the

section on White's work.
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Whilst there is at present no conclusive

evidence for or against the hormonal imbalance

hypothesis of the Smiths and its application to

the treatment of pregnant diabetics by White, the

case of the opposition group is at present the more

convincing and probably Albert (1955) was correct

in his statement that r,recent emphasis on CG in

toxaemia and diabetic pregnancy as to aetiology and

therapeutic management seems to have been unwarr¬

anted in the light of subsequent studies."



AHTERIGR PITUITARY ACTIVITY

The association between pregnancy and increased

activity of the anterior pituitary is well known

and histological evidence shows that both the

acidophil and basophil cells are in an active

secretory phase during pregnancy (Robson, 1947).
The pituitary enlarges during pregnancy and there

have been occasional reports of clinical evidence

of this process in the form of visual field limit¬

ation (Lambie, 1926j Turner, 1948.)
There is also a well known association between

the pituitary and diabetes mellitus. Diabetes was

found in VJ% of acromegalias (Goggeshall and Root,

1940) . Hypopliyseetomy in dogs makes the diabetes

resulting from a subsequent pancreatectomy very

mild (Houssay, 1936) and diabetes can be produced

experimentally in adult dogs by the infection of

anterior pituitary extracts (Young, 1939)• Growth

hormone has been shown to behave in the same way as

the original pituitary extracts, causing diabetes

in adult dogs but increased body growth in puppies

(Young, 19?l)•
In view of the evidence that the anterior

pituitary is active in pregnancy and that anterior
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pituitary hormones can cause diabetes or growth,

depending upon the circumstances in which they are

used, it is not surprising that interest has arisen

in the possibility that anterior pituitary activity

may be of importance in pre-diabetic and diabetic

pregnancy. Allen (1939) speculated on the import¬

ance of the pituitary in the causation of maternal

diabetes, the ketosis of pregnancy and pre-eclampsia.

Eastman (1946) also mentioned the importance of the

anterior pituitary. Other authors (Kramer, 1935J

Smyth and Olney, 193-8; Herrick and Tillman, 1938;

Bigby and Jones, 1945{ Earns and Morgans, 1948;
Kriss and Putcher, 1948; Anderssen, 1950 and

Zilliacus, 1950) have felt that the excessive growth

of the foetus of the diabetic mother could be ex¬

plained by an overactivity cf the maternal anterior

pituitary. Gilbert (1949) reviewed the literature

and suggested that anterior pituitary growth hormone

might play a part in the causation of maternal

diabetes, maternal obesity and the overgrowth of

the foetus in both pre-diabetic and diabetic preg¬

nancies .

Animal experiments have been undertaken to

investigate the effect of injections of anterior

pituitary extracts upon the course of pregnancy.

Many /
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Many of the early workers In this field (Teel, 1926 J

Hain, 1932) found that pregnancy was prolonged and

overgrowth of the foetuses occurred. Hoopes (1933)
and Snyder (1934) produced the same results by

giving pregnancy urine extracts containing CG to

rats and rabbits. Presumably the pituitary extr¬

acts used in those days contained gonadotrophins.

Watts (1935) found that pituitary extracts contain¬

ing growth hormone gave rise to overgrowth of the

foetuses of pregnant albino rats without prolonging

pregnancy, but that prolongation of pregnancy, and

stillbirths occurred if the extracts we re containin- :

ated with luteonising factors. Hultquist and

Engfeldt (1949) caused overgrowth of rat foetuses

by maternal infections of an anterior pituitary

extract containing growth hormone. Barns and

Swyer (1952) gave an anterior pituitary extract and

a growth hormone preparation to pregnant rats.

Intrauterine death of a proportion of the foetuses

was observed but they were unable to prove that

their treatment led to a significant degree of

foetal gigantism. Young (1939) reported that a

diabetogenic anterior pituitary extract did not

cause diabetes in rats, but it did give rise to a

great increase in the insulin content of the rat
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pancreas and doubled the amount of islet tissue.

This is important evidence in favour of the view

that islet hyperplasia in the infants of pre-diabet

and diabetic mothers may•be due to oversecretion of

the maternal growth hormone.

While the hypothesis that the growth hormone

of the maternal anterior pituitary may play a part

in the causation of foetal overgrowth and intra¬

uterine death is attractive, there is not sufficien

evidence to prove its validity at the present time,

and the obvious objection that acromegalic features

are exceedingly rare in pre-diabetie and diabetic

women remains unanswered. Young (1951) reviewed

the work on the influence of growth hormone in

experimental diabetes and thought that overgrowth

of the foetus and maternal diabetes might result

from continued oversecretion of amounts of growth

hormone not sufficient to cause signs of acromegaly



THE CAUSES OF NEOHATAL DEATH

Introduction.

In an earlier section, the importance of

neonatal death as a cause of foetal loss was men¬

tioned. While some infants die as the result of

infection or congenital anomalies there remain

many cases in which it is difficult to determine

the exact cause of death. It is true that many

of the infants of diabetic mothers are premature,

but although this may explain their delicate hold

on life, it does not indicate the exact cause of

death.

Neonatal Hygerlnsulinlsm and Hypoglycaeroia.

In earlier sections there has been a discussion

of the hypothesis that the foetal pancreas may

produce an excessive amount of insulin in the last

few weeks of pregnancy, with the consequence that

the infant is born with overactive islet tissue

and suffers from a relative hyperinsulin!sm which

may cause fatal hypoglycaemia in the early neonatal

period. The finding of excessive amount of islet

tissue in the pancreas of the infants of diabetic

mothers has been cited as evidence in favour of
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neonatal hyperinsulinism (Gray and Feemster, 1926).
The islet tissue hypertrophy has already been

discussed and it has been shown that it does not

occur in all the Infants of pre-dlabetic and diab¬

etic mothers arid that it is sometimes found in

infants whose mothers were not diabetic and not

known to be pre-diafcetic. Much has been written

about the dangers of neonatal hypoglycaeiaia in

these infants and for a long time it was accepted

as a real problem, with the result that the admin¬

istration of glucose to the newborn by mouth or by

intramuscular injection was recommended (Wilder
and Parsons, 19285 Randall and Rynearson, 1956j

Wilder, 1940 and Lawrence and Oakley, 1942).
Some authors (Duncan and Fetter, 1954; Smyth and

Olney, 1958) thought that the danger would be

averted if the maternal diabetes was well controlled

and the infant was protected from the influence of

maternal hyperglycaemia, but this suggestion was

made before it was appreciated that foetal islet

hypertrophy occurred in the absence of maternal

diabetes. Henley (1947) considered that neonatal

hypoglycaemia was a threat to the life of the infant

and recommended that the maternal blood sugar should

be allowed to rise immediately prior to delivery

and /



and that glucose should be given to the newborn

child.

More recently a number of authors (Blgby and

Jones, 19455 Anderssen, 1950# Peel and Oakley,

1950; Zllllacus, 1950) have expressed doubts about

the occurrence of neonatal hypcglycaemia, but have

continued to administer glucose to the child becaus^
they felt that there remained a possibility that it

might be of value.

Sisson (1910) thought that neonatal hypoglyc-

aeiala was likely to occur only if insulin was given

to the mother immediately prior to the delivery, a

view which was supported by Eastman (1946). White

(I949) also thought that hypoglycaeaia was a rare

cause of difficulty in the neonatal period.

Hurwitz and Higano (I952) and Pedowitz and Siilevin

(1952) considered that there was no indication to

administer glucose to the newborn child. Pedersen

(1952b) made an extensive study of the foetal carbo¬

hydrate metabolism in relation to that of the mother

both in diabetes and in its absence. He did net

recommend that glucose should be given to the infants
of diabetics and: was sceptical of the view that

hypoglycaemia caused neonatal death. Himwich et a.

(I945) found that infant rats were much less

susceptible /
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susceptible to death from experimentally produced

hypoglycaemia than adult rats. White (1952) drew

attention to the fact that little was known about

the blood sugar of infants of non-diabetic mothers

and gave figures which showed that normal infants

at term have blood sugars between 25 and oOmg. per

100ml. and premature infants have between 17 and

40mg. per 100ml.

Nerval et al. (1949) made 612 estimations cf

blood sugar in 51 normal newborn infants during

the first 6 days of life. The results fell within

the range of 15 to 120mg. per 100ml. Even when

blood sugars were at the lower end of this scale

there was no evidence of hypoglyeaeraic symptoms.

It seems that the balance of the evidence is

against the contention that neonatal liypoglycaeraia

is important. The earlier enthusiasm for this

hypothesis neglected the fact that low blood sugar

levels are found in normal infants, and that these

infants seem to be tolerant of levels that would

cause symptoms in an adult. It remains possible

that an occasional case of neonatal hypoglycaemia

may arise, but it is doubtful whether this is an

important cause of neonatal death.

Respiratory Failure. /
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Respiratory Failure.

Peel and Oakley (1950) gave a good description

of the way in which a diabetic mother's baby may

cry and be active at birth, only to show signs of

respiratory embarrassment an hour or two later.

Attacks of cyanosis and muscular twitehings follow

and the baby dies in such an attack. White (1952)
described much the same sequence of events leading

to death within the first three days after a period

of poor ventilation of the lungs. White ascribed

these deaths to "hyaline membrane disease", which
•

has already been referred to in the section on

foetal pathology. She suggested that inhalation

of amniotic fluid played some part in its aetiology
j

and noted that the hyaline material is a mucopoly¬

saccharide like the hyaline nodes in the glomeruli

in cases of diabetic nephropathy.

The majority of neonatal deaths remain

inadequately explained. It seems unlikely that

hypoglyc&emia accounts for more than an occasional

case, and there is little doubt that respiratory

failure is the actual mode of death in many infants*

Hyaline membrane disease would explain the respir¬

atory nature of death but the disease has not been

fully investigated and even its existence is open

to some doubt.



THE MANAGEMENT OF DIABETIC PREGNANCY

Introduction.

Two of the most controversial problems in the

management of diabetic pregnancy have already been

discussed. These are first the use of oestrogen

and progesterone therapy to minimise the risk of

toxaemia, premature delivery and intrauterine death
'

of the foetus, and second the administration of

glucose to the newborn child in order to prevent

hypoglycaemia. There is no need to recapitulate

the arguments which have been expounded in the

discussion of these two points.

Management of the Maternal Diabetes.

There is a wide measure of agreement on the

principles of diabetic treatment which is based

upon dietary regulation and the use of insulin,

except in the few cases in which dietetic treatment

suffices to control the hypoglycaemia. There

are some (Andersson, 1950; Given et al.. 1950) who

restrict only the intake of the more concentrated

carbohydrates such as cane sugar, honey, jam etc.,

and there are others (White, 1952) who prescribe a

fixed diet with a carbohydrate content of between
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180 and 250 grams per day. This is not the

appropriate place to discuss the relative merits

of the "restricted" and "free" diet schools. From

the limited point of view of pregnancy in diabetics

there is little to choose between them. In the

same way, there are different vie-ws upon how

insulin should be prescribed, but these do not

merit discussion in this context. The difficultie$

which sometimes arise when there is a fall in renal

threshold for glucose have been discussed. Lawrence

and Oakley (1942) emphasised the danger of hypo¬

glycemia in these patients if undue attempts were

made to keep the urine free of sugar by increasing

the dose of insulin, and the fact that a decreased

carbohydrate utilisation might give rise to ketosis

if the dietary intake of carbohydrate were not

increased. Skipper (1933) recognised the import¬

ance of blood sugar estimations as a guide to con¬

trol in cases where the urine sugar findings may

be grossly misleading. The dangers of hypoglycaemia

in labour and the puerperium have been mentioned

and the importance of avoiding this complication

by anticipating the fall in insulin requirement

has been emphasised.

Obstetrical Management. /



Obstetrical llanageaent.

It is in this sphere that the chief controversy

still exists. There is no uniform agreement as to

the best time and method for the delivery of the

diabetic woman. The choice lies between early

delivery, at or about the 36th week of pregnancy,

either by induction of labour or by caesarean

section, and vaginal delivery at term, Lambie

(1926) mentioned that caesarean section had been

performed with good results in some diabetic women.

Ronsheim (1935) &hd Skipper (1933) both advocated

caesarean section in a proportion of cases, Ronshein

suggesting that the 37th week was the time of choice.

Both authors considered that spinal was preferable

to general anaesthesia. Randall and Hynearson

(1936) were amongst the first to recommend caesarean

section at the 36th or 37th week as a routine method

of delivery in diabetic women.- Since then, this

procedure has had many supporters (Titus, 19371

Bill and Posey, 19445 Palmer and Barnes, 19451

Paton, 1943} Andersson, 1950j Brosset and Werko,

1950} Dolger, 1951} White, 1952). Peel and

Oakley (1950) considered this question at length.

They stated clearly that the chief reason for the

performance of an early delivery was the opportunity

which /



which it gave to avoid the occurrence of intra-

uterine death of the foetus in the last 3 weeks of

pregnancy. On the other hand, too early a term¬

ination was likely to toe associated with a high

neonatal death rate. From their experience in

analysing a large series of cases collected by

questionnaire, they concluded that there was little

justification for allowing pregnancy to continue

after the 36th week and they stated that if all

women were delivered at that date, the loss of

babies in the neonatal period would be less than

those that would die in the uterus if all preg-

nancies were allowed to go to term. Having

determined that premature termination was advisable
)
they questioned whether caesarean section or induc¬

tion of labour was the best method of effecting

early delivery. They found that induction of

labour was uncertain and was associated with a high
'

incidence of stillbirth. In their questionnaire

series of cases, the foetal loss rate was 34.9$ in

43 primiparous women whose labour was induced and

24.2$ in 83 multiparous patients. In 115 women

delivered by caesarean section it was 15.7$* At

King's College Hospital the figures were 31*6$ for

19 women with induced labour and 16.3$ for 98 cases

of



of caesarean section. They concluded that caes-

arean section, was Justified in every diabetic

pregnancy and that it was only permissible to

induce labour in a imiltiparous woman, if the obst¬

etrician was prepared to perform a caesarean

section if it should become necessary because of

inertia or foetal distress. They considered that

general anaesthesia was better aroided as it seemed

to be associated with a higher foetal mortality

than spinal or caudal anaesthesia. Randall (1947)

reported a foetal survival of 96.2$ in 26 cases of

caesarean section compared with 62.5,1 in 24 women

who had vaginal deliveries. Given et al. (1950)
did not make free use of caesarean section in their

series of cases, only 10$ being delivered by this

method, but in examining their results they con¬

sidered that early caesarean section would have

saved the lives of a number of babies which died.

Barns and Morgans (1952) felt that the risk

of neonatal death after early caesarean section

outweighed the chance of averting intrauterine

death and considered that vaginal delivery at term

was the best method. Other authors (Bastiaanse
and Sindraia, 195X J Hall and Tillman, 1951} Hurv/itz

and Higa.no, 1952) make sparing use of caesarean

section /



section and permit the spontaneous onset of labour

in many of their cases.

There are thus arguments for and against early

delivery and caesarean section, and Reis et al.

(1952) and Patterson and Burnstein (19^9) consider

that each individual case should be judged carefully

and delivered by caesarean section or by induction

at or about the 37th week, the exact time being

estimated in accordance with the previous obstetric

history and the size of the infant. It seems to

■ be well established that in clinics where neonatal

care is good the best method to reduce foetal loss

is to terminate the pregnancy prematurely, suiting

the time and the method to the individual case but

inducing labour only in multiparous women who have

a previous history of uncomplicated delivery.

.

Management of the Newborn Child.

All authors are agreed that the prevention of

neonatal death depends upon the most careful treat¬

ment of the newborn. Randall and Rynearsoa (I936)

emphasised the danger of assuming that the child

was mature and healthy because it was large. They

recommended the use of oxygen combined with carbon

dioxide, the drainage of the respiratory tract,

maintenance /



maintenance of a constant temperature and the

administration of glucose by intramuscular injection
I

Gellis, White and Pfeffer (1949) were concerned

with respiratory difficulties which they considered

to be due in part to the inspiration of amniotic

fluid. They also considered that respiratory

trouble which began some hours after birth might

be due to inhalation of amniotic fluid which had

been swallowed and regurgitated. They investigated

the effects of gastric aspiration at birth and found

that the incidence of delayed respiratory embarr-
I

asssient was reduced by this practice. Pease,

Smallpiece and Lonnon (1991) recommended that the

infants should be treated as premature babies by a

nurse who was specially trained in this work, said

they emphasised their view that the skill of the

nursing staff was the most important factor in the

survival of the infants.

Finally, it is apparent from a study of the

literature that the most important condition for

success in the management of diabetic pregnancy is

that the work should be conducted in a good hospital,

by a team consisting of a physician, an obstetrician

a paediatrician and nurses, all of whom have a

special interest in this particular problem. Such

a /



a view was expressed by Johnstone (1933) when he

said "for treatment to be fully successful, it

seems to me that co-operation between the obstet¬

rician and the physician is a sine qua non." The

truth of his statement is unquestioned but the

size of the team has grown.



OBSERVATIONS OH

A SERIES OF

77 DIABETIC PREGNANCIES



INTRODUCTION

Material.

The observations reported in this study were

made in a series of 77 consecutive pregnancies in

64 diabetic women who, with one exception, were

delivered in the Simpson Memorial Maternity Pavilion

in the years 1948 to 1952 inclusive. The patients

resided in the South East of Scotland, some in

Edinburgh and others in the country at places as

far apart as Jedburgh and Kirriemuir. Many had

suffered from diabetes for years and were already

well known to us as they had attended the Dietetic

Out-Patient Department of the Royal Infirmary at

regular intervalsj others had been cared for by

their own doctors and were referred to the hospital

on account of the pregnancy, and yet others were

recognised to be diabetic for the first time during

the course of pregnancy. Except for a few who

were seen for the first time shortly before delivery,

the majority of the patients were seen at frequent

visits to the hospital during the antenatal period.

Scheme of Management. /



Scheme of Management.

As soon as the combined diagnosis of diabetes

and pregnancy had been established (see a later

section on the diagnosis of diabetes), arrangements

were made for the patient to attend a clinic where

they were supervised from the medical aspect by

myself and from the obstetric by Dr. G.D. Matthew

(in the majority of cases). Most patients were

asked to attend this clinic at weekly intervals,

and a very satisfactory response to this request

was experienced. The rule was relaxed only in

the case of a few patients who had particular diff¬

iculty in travelling from a distance. Under such

circumstances the patients visited the clinic at

fortnightly intervals. It was emphasised to each

patient that she should report any difficulty or

illness immediately by telephone or in person,

without waiting for her next appointment at the

clinic.

Each visit to the clinic was divided into two

parts. The patients came first to Ward 21 in the

Royal Infirmary where they were questioned and, if

necessary, examined from -the point of view of their

diabetes, and where they were given instructions

about diet and insulin therapy. At each visit the

patient /



patient brought a complete 24 hour collection of

urine. On the patient's first visit to the clinic

she was given detailed instructions to enable her

to make this collection and its importance was

emphasised. At the same time, she was given a

Winchester bottle in which to collect and transport

the specimen. Despite the difficulty and labour

associated with this task the patients co-operated

very well and it was our impression, and that of

the laboratory staff, that the collections which

the patients made in their own homes were at least

as reliable as those" which were obtained after

their admission to hospital.

At each visit the following information was

obtained:

1. The volume of the collection of urine was

recorded in miililitres.

2. An aliquot of 10ml. was removed and used

for testing for the presence of reducing substances

by Fehling's method, acetone by Rothera's test and

albumin by boiling.

p. Similar tests were made on a specimen of

urine which had been passed before breakfast on the

day of attendance at the clinic.

4. The 24 hour collection of urine was then

taken /



taken to the laboratories for assay of its chorionic

gonadotrophin and pregnanediol content*

5. The 24 hour and fasting specimens of urine

were also submitted to the laboratory for estimation

of their sugar content at first by Cole's method

and later by that of Benedict.

6. The patient's body weight was recorded on

the same scale at each visit. The patients were

weighed in their indoor clothes but without shoes.

7. A specimen of venous blood was taken within

a few minutes of 12 noon and the specimen was used

for the determination of the blood sugar. In some

cases blood was taken at the same time for chorionic

gonadotrophin assays and in each case at appropriate

times for blood-grouping, the Wassermann reaction

and haemoglobin estimations. .

Forth© second part of the visit, the patients,

accompanied by myself, went to the antenatal clinic

of the Simpson Memorial Maternity Pavilion. There

they were examined by the obstetrician and had their

blood pressure recorded. At this stage a joint

consultation between physician and obstetrician took

place, each patient was discussed, treatment advisee,

and plans made. If the need arose, a patient was

admitted either to the antenatal ward of the Simpson

Memorial /



Memorial Maternity Pavilion or to Ward 21 for

observation or treatment during the antenatal period.

It became the rule, to which there were very

few exceptions, that the patients were admitted to

| the antenatal ward during the 55th or 56th week of

pregnancy so that they could be examined fully and

a decision could be taken 011 the question of when

and how they should be dlivered. This final

admission was often arranged at a rather earlier

date for those who lived at a distance from the

hospital.
.

Presentation of Results.

The mass of data collected is large and it

was decided to prepare some of it in tables for

presentation in the form of appendices. For

convenience in handling, these have been bound in

a separate volume which can be consulted without

distrubing the pages of the text. In the following

sections, an analysis of the data is presented.

It is apparent from the review of the literature

that the most urgent problems are to find the cause

or causes of foetal death in late pregnancy, and the

neonatal period, and to devise means whereby these

deaths may be prevented. In order to prevent

unnecessary /



unnecessary repetition, many of the results have

been analysed from this point of view, and several

of the tables and figures in the following pages

not only present data but attempt to relate facts

to the fate of the infants.

General Results.

The series comprised 77 consecutive diabetic

pregnancies and represents the total number of

diabetics delivered in the Simpson Memorial Mater¬

nity Pavilion during the period of the study, with

the exception of one patient who was admitted just

prior to delivery and was seen neither by Dr. G.D.

Matthew nor by myself. Table 20 summarises the

results of the pregnancies in this series. The

77 pregnancies took place in 64 women of whom 7 had

2 and 5 had 3 pregnancies each. There was no

maternal death during pregnancy or during the early

puerperium. One mother who went home 2 weeks

after delivery died 3 weeks later. In this case

the cause of death was lobar pneumonia and diabetic

coma. She was admitted to hospital in a moribund

state, having received no treatment for her pneumonia

and having had her insulin stopped for three days,

because it had been assumed that she was suffering

from /



DIABETIC WOMEN 64. TOTAL PREGNANCIES 77.

(7 had 2 pregnancies. 3 had 3 pregnancies.)
LIVE BIRTHS 55.

ABORTIONS: SPONTANEOUS 3 )
THERAPEUTIC 2 ( TOTAL 6
ECTOPIC GESTATION 1 J

INTRAUTERINE DEATH 9 /̂ TOTAL MORTALITY u
STILLBIRTH 2 . VIABLE INFANTS
NEONATAL DEATH 5 )

TOTAL FOETAL LOSS 22

OVERALL FOETAL LOSS RATE: 28.6 %
FOETAL LOSS RATE. VIABLE INFANTS ONLY: 22.8 %
MATERNAL MORTALITY: NIL.

Table 20.

The outcome of 77 diabetic pregnancies.

(Correction: The figure for foetal loss rate in
viable infants only should be 22.5/0



from hypoglycaemia. In such circumstances it can

hardly be correct to attribute the patient's death

to her recent pregnancy.

55 infants were born alive arid survived for

raore than 14 days after delivery. The 22 foetal

deaths were divided into 6 abortions, an incidence

of and 16 deaths of viable infants after the

28th week of pregnancy. The deaths of viable

infants were further subdivided into 9 intrauterine

deaths, 2 stillbirths and 5 neonatal deaths, equi¬

valent to 12.7$> 2.8$ and 7.0$ respectively of the

71 viable pregnancies. Thus there was an "overall

foetal loss rate" of 28.6$ and a foetal loss rate

for viable infants only of 22,5$.
v. 1

Pre-dlabetic Obstetric History.

Table 21 shows some details of the full

obstetric history of the 64 women concerned in this

study. It includes not only the 77 pregnancies

of the series under consideration but all the

previous pregnancies in these patients. The

pregnancies are arranged in two groups, those which

occurred before the onset of diabetes and those

which succeeded the development of the disease.

Each group is again divided into five year periods

with /



64DIABETICWDMEH.
OBSTETRICHISTORYBEFOREAMDAFTERONSET0?DIABETES.

Years

Pregnancies
Abortions

Stillbirth Intrauterine Death

Neonatal Death

Foetal Loss

Live Birth

Foetal Loss Rate

Over
10lb.

Under 10lb.

PRE-DIABETIC STATE

16+

12

0

1

1

2

10

16.7*

6

5

11-15

17

0

1

0

1

16

5.8*

4

12

6-10

16

0

3

0

3

13

18.7*

7

7

0-5

33

6

5

2

13

20

39.9*

5

21

ONSETOF DIABETES DIABETES

0-5

58

2

10

1

13

45

22.4*

7

46

6-10

23

4

6

A

14

9

60.9*

0

19

11-15

7

1

0

1

2

5

28.6*

0

6

16♦

8

2

0

0

2

6

25.0*

0

6

TOTALS:PREDIABETES
78

6

10

3

19

59

24.4*

22

45

TOTALS:DIABETIC

96

9

16

6

31

65

32.3*

7

77

-Table21.

Obstetrichistoryincludingpre-aiabeticpregnancies.
to
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with the time of diagnosis of diabetes as the

starting point in each direction. There were 78
pre-diabetic pregnancies with an overall foetal

,
loss rate of 24.,4%. The table shows that the

foetal loss was particularly high, 39*9$* in the

33 pregnancies which occurred in the five years

immediately preceding the onset of diabetes. In-

formation as to the birth weight of the babies is

also given, these being divided into babies weighing

over and under lGlbs. at birth. Abortions are

excluded and in five cases there was doubt .about

the birth weight, so these too were omitted, but

it may be seen that out of 78 pregnancies in the

pre-diabetic period no less than 22 babies were

said to weigh over lOlbs. at birth. This high

incidence of foetal overgrowth was apparent even

in pregnancies which antedated the onset of diabetes

by more than 13 years, there being 6 big babies in

12 such pregnancies.

The figures for diabetic pregnancies in this

table include 19 which occurred before the study-

was made.and the overall foetal loss rate is a

little higher, 32.3$> than the 28.6$ of our series. .

The low .incidence of big babies in this group, 7

out of 96 pregnancies, is no doubt explained by the

fact /



fact that early delivery was practised in the

majority of these diabetic pregnancies.

The Children of Diabetic Fathers.

In order to discover whether diabetic fathers

had families in which there was a high incidence

of babies with a birth weight in excess of XOlbs.

said a high foetal loss rate, a simple questionnaire

was prepared and duplicated. The questionnaire

was given to diabetic men attending the Dietetic

Out-Patient Department of the Royal Infirmary in

Edinburgh and the peripheral dietetic clinics at

Dunfermline, Galashiels, Haddington and Kirkcaldy.

The form was explained to each man and any questions

were answered. He was asked to take the form home

and to get his wife to help him to complete it.

The form was then returned in the stamped and

addressed envelope which was issued with it. It

proved surprisingly difficult to find a large number

of diabetic fathers, because it was decided to

reject all widowers, since the father's recollection

of the birth weights of his children is much less

reliable than that of his wife. The questionnaire

sought information about the year of onset of the

paternal diabetes, the year, birthweight and outcome

of /
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of each pregnancy, the health of the wife, the

presence of a diabetic history on either side of

the family and the subsequent development of

diabetes in the children. Any forms which were

not completed in full were rejected, as were those

which were difficult to interpret. In all, satis¬

factory questionnaires were returned by 60 diabetic

fathers and Table 22 shows an analysis of the

material which they contained. In their pre-

-diabetic years these men had 105 children with no

foetal mortality and 10 infants weighing more than

101bs. at birth. After the fathers had become

diabetic their wives had 40 pregnancies, 4 of which

ended in abortion and 1 in stillbirth; there was

one baby with a birth weight in excess of lOlbs.

Taking the two groups together, there were 145

pregnancies with a foetal loss rate of 3.4$ and

babies with a birth weight in excess of lOlbs. in

7.6$. No diabetic father had a diabetic wife,

though 8 of the wives were said to have diabetic

relations. 21 of the fathers had a family history

of diabetes and 4 of the children had developed

diabetes.



Baby over

Years

Births

Abortions
Stillbirths
Livebirths
1011

Pre-diabetic
21+

21

0

0

21

3

Period

lo—20

13

0

0

13

2

11-15

16

0

0

16

1

6-10

21

0

0

21

2

0-5

34

0

0

34

2

Onset

ofDiabetes

Diabetic

Q~5

27

3

0

24

0

Period

6-10

10

1

1

8

1

11-15

2

0

0

2

0

16-20

0

0

0

0

0

21+

1

0

0

1

0

Totals-Pre-
-diabetics

105

0

0

105

10

To-tals-Diabetics
40

4

1

35

1

Table22.
Thechildrenof60diabeticfathers.
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THE IIATBRHAL DIABETES

Diagnosis.

In 66 cases the mother was known to be diabetic

at the time of conception. The diagnosis was not

accepted without a careful review. In the majority

of patients there was a clear history of the onset

of typical symptoms such as loss of weight, thirst,

polyuria, tiredness and pruritus vulvae, together

with the finding of glycosuria and often ketonuria.

These features had led to the original diagnosis and

there was a record of subsequent treatment with

insulin. Under such circumstances the diagnosis

was accepted. If insulin had not been used in

treatment, of if there was any doubt about the

original diagnosis, confirmation by laboratory

findings was required before the patient was accept¬

ed as diabetic. The finding of a fasting blood

sugar level in excess of l^Omg. per 100ml., or a

blood sugar curve with a peak level in excess of

I90mg. per 100ml. and a level at 2§ hours which was

more than 2Qmg. per 100ml. in excess of the fasting

blood sugar, were then accepted as proof of the

diagnosis.

In 11 cases the diagnosis of diabetes was first

made /



made during pregnancy. In each of these patients

the presence of diabetes was confirmed either by

the finding of a high fasting blood sugar or a

typical blood sugar curve as described above. In

2 cases the diagnosis was made in the first tri¬

mester, 3 the second and 6 in the third. In

three cases symptoms of diabetes preceded the diag¬

nosis by 2 months and in a fourth case by one month.

Such delays would not have occurred if the patients

had received adequate antenatal care prior to the

recognition of their diabetes. A large number of

women with glycosuria during pregnancy were sub¬

mitted for examination and were proved by the

glucose tolerance test to suffer from renal glycos¬

uria.

Case Report Snowing the Inciting Effect of Pregnancy
upon Diabetes.

Case 65 was of particular interest because

diabetes began during the third pregnancy but was

known to have made a temporary appearance during

the two previous pregnancies. Table 23 shows

details of a series of blood sugar curves in this

patient. Her first pregnancy terminated at the

37th week with an intrauterine death and a blood

sugar curve, of which details have not been found,

was /



was said to be typical of diabetes a few days after

delivery. Two curves which were obtained in the

puerperium were normal except that there was a

delayed fall to the fasting level and a low renal

threshold for glucose. In the second pregnancy

she had a normal carbohydrate tolerance at the sixth

week but a mild diabetic curve at the 28th week.

Insulin treatment was started at that time. One

| month after delivery the curve was typical of mod¬
erately severe diabetes, but insulin therapy had

been stopped after delivery. During the next year

there was a gradual return to a normal curve and

when 20 weeks pregnant for the third time there was

no evidence of diabetes. At the 26th week of the

third pregnancy a diabetic blood sugar curve was

again found and repeated at the 27th week, when

insulin treatment was again started. On this

occasion diabetes persisted into the puerperium

though it v/as mild and easily controlled without

insulin. This patient demonstrated the onset of

diabetes in three consecutive pregnancies and it

was not until the third time that the disease became

j permanent. In smother patient, Case 6, diabetes
was proved by a blood sugar curve during pregnancy,

but disappeared after delivery and the patient was

found /



BloodSugar-mg.per100r.il. FastingandatJOmin.intervals afterJOg.glucose
Date

Fasting
JOain.
60min.
90min.
120min.

Remarks

10.1.47

86

140

144+

126

7weekspostpartum

10.J.47

78+

114+

105+

107+

IJweekspostpartum

8.9.48

86

1JJ+

107+

64+

6v/eekspregnant

17.5.49

116

147

198

174

141

28-weekspregnant

6.5.49

161+

216+

J06+

267+

249+

1monthpostpartum

17.3.50

121

16J

128

112

1J1

1yearpostpartum

21.9.5I

65+

89+

107+

94+

20weekspregnant

8.11.51

82+

145+

185+

14J+

26weekspregnant

I6.ll.5i

89+

l6j+

201+

15J+

27weekspregnant
Table2J.

BloodsugarcurvesinCase65.
+Signifiesthatglycosuriawasfound,atthesametime.



210

found to have a normal carbohydrate tolerance five

I years later.

Duration of Maternal Diabetes.

Table 24 shows the duration of maternal diabetes

at the onset of pregnancy related to the fate of the

foetus. In 13 pregnancies the diabetes had been

present for more than 10 years, but in 46 the dur-

ation of maternal diabetes was less than 5 years.

It is evident that this series contained a much

smaller proportion of longstanding diabetics than

that of White (1952) who reported that 49# of her

cases had been diabetic for more than 10 years at

the time of pregnancy. It is not possible to come

to a definite conclusion on the correlation of the

duration of maternal diabetes and foetal loss rate

in a small series of this nature, but it may be

significant that not one of the 13 longstanding

diabetics lost a baby in the neonatal period or in

late pregnancy. This fact suggests that in these

cases the duration of diabetes was of little import¬

ance in relation to foetal loss.

Treatment of Diabetes.

Diet: 12 of the pregnancies occurred in 8 women

who were previously treated with a liberal diet,

from /



DURATIONOFMATERNALDIABETESRELATEDTORESULTOFPREGNANCY.
DURATION OF DIABETES

RESULT0
FPREGNANCY

TOTAL FOETAL LOSS

FOETAL LOSS RATE

CASES

SPONT. ABORTION

THERAF. ABORTION

ECTOPIC GESTATION
INTRA¬ UTERINE DEATH

STILL¬ BIRTH

NEONATAL DEATH

LIVE BIRTH

ONSETIN PREGNANCY

11

0

0

0

1

0

0

10

1

9.1JC

0-5yrs.
35

0

0

1

4

2

1

27

8

22.9%

6-10yrs.
18

2

0

0

4

0

4

8

10

55.5%

11-15yrs.
5

1

0

0

0

0

0

4

1

20-j.

16-20yrs.
4

0

1

0

0

0

0

3

1

25%

MORETHAN 20yrs.

4

0

1

0

0

0

0

3

1

25%

TOTALS

77

3

2

1

9

2

5

55

22

28.6%

Table24.

Thedurationofmaternaldiabetesrelatedtotheoutcomeofpregnancy.
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from which only concentrated carbohydrate foods were

excluded. These patients were allov/ed to continue

on their "free" diet during pregnancy with one

exception, a woman whose diet was restricted because

of an excessive gain in weight. The only modific¬

ation of the "free" diet was an increase in the milk

to ensure that each patient had 2 pints of milk

daily.

The patients who had been treated by dietetic

restriction before pregnancy continued on the same

regime, but their diets were adjusted to provide an

intake of 2600 calories and 22Qg. of carbohydrate

daily. It is well recognised that diabetics vary

to a considerable extent in the degree to which they

observe their dietetic instruction. The majority

of these pregnant women did not weigh their food

regularly and it is very probable that many of them

exceeded the prescribed diets. In 2 cases it

became apparent that the opposite error was made

and the patients did not take their full rations.

During the puerperium there was necessarily a

restricted diet for the first two or three days in

the cases delivered by caesarean section, but the

patients were given their full diet as soon as

possible. Thereafter the diet was continued at

the /



the same level as in pregnancy so long as lactation

was maintained. If lactation failed the diet was

reduced to a level which had seemed suitable for

the same patient before the pregnancy.

Insulin: Only 5 patients did not require insulin

during pregnancy. 4 of these women were obese and

were aged over 3$ years. The other patient was

young and suffered from mild diabetes which began

during pregnancy and disappeared in the puerperium.

In 72 pregnancies insulin therapy was required.

Two types of insulin were used, soluble insulin and

protamine zinc insulin. In the mild cases protamine

zinc insulin was given alone in a single daily dose.

In more severe cases the patient received protamine

zinc and soluble insulins each morning and in the

most severe cases there was a single injection of

protamine zinc insulin, which seldom exceeded 48

units, each morning. In addition these patients

received two or three injections of soluble insulin

daily.

The insulin requirements of each case are shown

in Appendix B. An analysis of these figures reveal

that, excluding abortions, there were 67 patients

who required insulin during pregnancy. Ignoring

changes of less than 10 units there were 47 patients

whose /
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whose insulin requirements rose throughout pregnancy

4 in whom there was no significant change and 16 in

whom the Insulin requirements fell in the last few

weeks of pregnancy, after having increased during

the second trimester. In many cases this fall was

seen only in the last week of pregnancy and there

are two possible explanations for this finding.

Firstly, all these patients were admitted to hospital

during the last week or two of pregnancy and, in

consequence, their diets were strictly regulated,

so that the intake of carbohydrate was reduced in

those patients who had exceeded the prescribed diet

at home. Secondly, 4 cases of intrauterine death

comprised the total foetal loss in the patients

whose insulin requirement fell, and it is possible

that the death of the infant may lead to an increase

in carbohydrate tolerance similar to that which

occurs at delivery. It is of interest that the 5

cases of neonatal death all occurred in patients

whose insulin requirements continued to rise until

delivery.

insulin Requirements in Antenatal Period.

Figure 1 was constructed by taking the mean

figures for the average daily insulin requirement

in each week of pregnancy, after dividing the cases

into /
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into two groups, those with foetal survival and thos

with foetal loss. Abortions were excluded, but

information about insulin requirement was not always

available, so that the numbers of cases in each

group varied a little from week to week, particularly

at the beginning and end of pregnancy. Table 25

shows the numbers of cases from which the mean

figures for each week were calculated. The means

were plotted to allow a comparison between the

insulin requirement of the two groups at each week

of pregnancy. The figure shows the definite rise

in mean insulin requirements in each group. It

also shows that the increase was parallel in the

two groups until the 51st week when there was a

fall in requirement in the group with foetal loss.

At no stage was there a great difference between

the two groups, and a difference of less than 10

units of insulin is of little significance when the

total daily dose is of the order of 50 to 6Q units.

It Is concluded that the trend of the daily Insulin

requirement bears no significant relationship to

foetal loss and it is impossible to predict the fate

of the foetus by studying the changes in insulin

requirement in an individual case.

Perinatal /



WeekofPregnancy
6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

FoetalLossCases
14

14

14

15

15

16

16

16

16

16

16

16

16

16

16

16

FoetalSurvivalCases
40

40

41

41

41

42

42

42

43

44

44

45

45

45

45

45

WeekofPregnancy
22

4.J

24

25

26

27

28

29

30

31

34

33

34

35

36

37

FoetalLossCases
16

16

15

16

16

16

16

15

13

13

13

11

12

11

5

FoetalSurvivalCases
45

45

45

45

44

44

44

45

45

45

46

45

44

45

41

25

Table26.
Tiienumbersofcasesused

indeterminationofmeanfigures inFigure1.
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Perinatal Insulin Requirements.

Figure 2 shows the average daily insulin require¬

ment of 55 consecutive cases, excluding abortions,

for the 10 days before and after delivery. The

pronounced fall on the day of delivery reflects the

deliberate policy of reducing the dose of insulin to

about half the previous requirement on that day.

This was done in the patients who had vaginal deliv¬

eries because of the recognised danger of hypo-

glycaeinia resulting from a reduced carbohydrate

intake and the improved carbohydrate utilisation

which is associated with the muscular exertion of

labour. In the patients who had caesarean sections

the reduction anticipated the gross limitation of

carbohydrate intake which is necessarily associated

with a major operation of this sort. During the

first five days after delivery there was an increase

in insulin doses which was partly due to the gradual

resumption of a full diet. The dose was then

stabilised at a level about 25$ below that which

had been given before delivery. This demonstrates

the improvement in carbohydrate tolerance which was

evident even in the first 10 days of the puerperium.

Failure to anticipate this change is almost certain

to give rise to hypoglvcaemia. A further decrease

in insulin requirement occurred later in the puer¬

perium in the majority of patients.

Severity /
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Severity of Diabetes Estimated "by Maximum Insulin
Requirement.

There was a wide variation in insulin require¬

ments in different patients from those who did not

need insulin throughout pregnancy to those who

required doses in excess of 100 units per day.

Any method of grading the severity of diabetes in

terms of insulin doses is arbitrary and open to

criticism. The cases in this series have been

divided into three broad groups according to the

maximum average daily insulin requirement per week.

The first group consisted of 5 patients who did not

require insulin, the second of 19 whose maximum

requirements were less than 40 units per day and

the third of 53 who required more than 40 units per

day at some stage of pregnancy. Table 26 shows

the outcome of pregnancy in these three groups.

The number in the first group was so small that the

foetal loss rate is not significant. The overall

foetal loss rates for the second and third groups

differed by only 3.9/® and this is not considered to

be significant. Considering only the mortality

rate of viable infants, the figures were 26.3$ in

the second group and 23.06 in the third. It is

concluded that there is no evidence in this series

to show that severity of diabetes, as measured by

maximum /



MAXIMUMINSULINREQUIREMENTSRELATEDTORESULTOFPREGNANCY.
INSULIN UNITS

PERDAY
CASES

RESULTOFPREGNANCY
TOTAL FOETAL LOSS

FOETAL LOSS RATE

SPONT. ABORTION

THERAP. ABORTION

ECTOPIC GESTATION
INTRA¬ UTERINE DEATH

STILL¬ BIRTH

NEONATAL DEATH

LIVE BIRTH

NO INSULIN

5

0

0

1

0

0

0

4

1

20£

0-40

19

0

0

0

3

1

I

n

5

26.3%

>40

53

3

2

0

6

1

A

37

16

30.2^

TOTALS

77

3

2

1

9

2

5

55

22

28.6;£

Tulle26«

Maximuminsulinrequirementsrelatedtotheresultofpregnancy.
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maximum insulin requirement, bears any relation to

the foetal loss rate.

Renal Threshold for Glucose.

The renal threshold for glucose was not measured

except in the cases in which glucose tolerance tests

were performed for diagnostic purposes. Hone the

| less, it was evident from a rough comparison of

blood sugar levels and the sugar content of the
: urine that there was a fall in the renal threshold

for sugar in many cases. In a few patients the

daily loss of glucose in the urine exceeded IpOg.

and in several it exceeded lOOg. at some stage of

pregnancy (see Appendix C). In two cases it proved

impossible to prevent xetosis without increasing the

carbohydrate intake to JOQg. per day, as the loss

of sugar in the urine was great and an increase in

j the dose of insulin was followed by hypoglycaemia.

Degree of Control of Diabetes.

The adequacy of the control of diabetes is a

subject which does not lend itself to precise

measurement. The estimation of the daily excretion

of glucose in the urine is of little value in this

respect, because so much depends upon the renal

threshold rather than on the blood sugar level.

The /
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The weekly estimation of blood sugar at noon gives

a rather better indication of control but it is very

inadequate, as it represents only one reading every

7 days of a very variable factor. The noon blood

sugar levels are tabulated in Appendix D and it may

be seen that there was a wide variation between and

within individual cases, the lowest and highest

readings being 31 and. 559&S* per 100ml. respectively.

An attempt was made in Figure 3 to relate the
f

degree of control of the diabetes, in terms of noon

blood sugar levels, to the outcome of pregnancy.

The figure was constructed by plotting the mean

bioud sugar levels at noon for each week of preg¬

nancy, after dividing the cases into two groups,

those with foetal survival and those with foetal

loss. Abortions were excluded. The numbers of

cases in each group for each week are shown in

Table 27. For various reasons, figures are not

available for all cases in each we& and in con¬

sequence the number of estimations in the foetal

loss group is small, particularly in the early and

late weeks of pregnancy. It is therefore imposs¬

ible to draw any definite conclusions from Figure

3, but it does show that there was no great differ¬

ence between the two groups in respect of ohe mean

neon blood sugar levels except in the early weeks

when /
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WeekofPregnancy-
8

9

10

11

12

13

14

15

16

17

18

19

20

FoetalLossCases
1

1

2

0

z

2

3

3

4

4

6

6

5

FoetalSurvivalCases
3

4

5

10

15

14

18

14

22

17

23

17

25

WeekofPregnancy
21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

FoetalLossCases
5

9

r—

j

8

c J

8

9

10

3

9

6

8

7

7

4

3

FoetalSurvivalCases
22

22

22

22

27

23

26

27

27

24

26

28

30

25

17

7

Table27,
Thenumbersofcasesused

inthedeterminationofmeanfigures forFigure3-

M
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when the figures are certainly of no significance.

Another method of estimating the adequacy of

control of diabetes is to record the occurrence of

ketosis and hypoglycaamia. This too is a crude

method, but it gives some indication of the incidence

of poor control due either to insufficient or excess!

iva doses of insulin. The significance of these

two complications is discussed below.

Ketosis.

The occurrence of ketosis is not always an

indication that insulin has been prescribed in an

inadequate dose. It may be the result of a fall

in renal threshold for glucose, which leads to an

excessive loss of carbohydrate and causes the patient

to depend upon the metabolism of fat and protein to

an abnormal degree. It may be caused by vomiting

or by a decreased sensitivity to insulin in the

presence of an infection. In the latter two

instances, it may be argued that a deficient supply

of insulin is a causative factor because there existjs
a state of affairs in which the patient's insulin

requirements are raised and the dose which would

normally be adequate is relatively insufficient.

Ketosis was divided into two grades, mild and

severe. /



severe. Mild ketosis was common and occurred at

some time in 35 eases. Ketosis was considered to

be mild only when it did not give rise to symptoms

which necessitated the patient's admission to

i hospital. In the great majority of cases, it was

recognised only by the finding of a trace of keton-

uria in the routine urine examination at the ante¬

natal clinic. Severe ketosis, which required

treatment in hospital occurred in only 4 cases.

Of the 39 cases in which ketosis occurred, 11, or

28$, were associated with foetal loss. The 23$
foetal mortality rate is almost the same as the

figure of 28.6$ for the whole sries, so ketosis

?/as not a factor which was particularly associated

with foetal death.

In the 4 cases with severs ketosis there was

one abortion, one stillbirth and one neonatal death.

The abortion occurred during the bout of ketosis and

may have been caused by it, but the stillbirth and

the neonatal death occurred long after the episodes

of ketosis and were probably not connected with

them. Thus, it seems probable that short periods

of severe ketosis did not cause foetal death in

these two patients.

Hy pok ly caemia. /



Hypoglycaemia.

There were three main causes of hypoglycaemia

in these cases, the prescription of an excessive

dose of insulin, failure to take the full diet at

the correct times and indulgence in unwonted exer¬

cise without an increase in the carbohydrate intake.

Hypoglycaemia was considered to be mild when the

patient gave a history of typical symptoms which

either passed off spontaneously or were relieved

by the taking of food, and severe, when the patient

required assistance from relations, or was comatose,

or required to be admitted to hospital. There were

29 cases in which mild hypoglycaemia occurred on

one or more occasions during pregnancy, and there

were 5 cases with severe hypoglycaemia once during

pregnancy. In these 34 cases, 10, or 29.4,1, were

associated with foetal loss. This figure is not

significantly greater than the foetal mortality of

23.6,1 in the \vhole series. In the 5 cases with

severs hypoglycaemia, there was only one foetal

death and that was not immediately connected with

the episode of hypoglycaemia. It is concluded

that this complication was not associated with an

increased foetal mortality rate.

There were 5 babies with congenital deformities.

In /



In four of these cases the mothers had mild attacks

of hypoglycaemia during pregnancy, hut it is not

possible to draw any conclusion on the importance

of this complication of diabetes as a cause of

foetal anomaly.

Vascular Disease Complicating Diabetes.

The occurrence of vascular disease in long¬

standing diabetics is well recognised. It may

appear in the form of retinitis, as renal damage,

or in the shape of calcification of the arteries

of the legs or pelvis.

Retinitis: All patients were examined at

intervals during pregnancy with the ordinary direct-

-view ophthalmoscope. The patients were referred

to an ophthalmologist only when some doubt arose

about the appearance of the fundus oculi. Retinitis

was diagnosed if microaneurysms, haemorrhages or

exudates were seen. Cases in which these features

were absent were not considered to have diabetic

retinitis, even if there were signs of a mild

retinal arteriosclerosis such as an increased light

reflex from the arterial walls. There were 10

pregnancies in women with diabetic retinitis. 5

of these cases resulted in live birth, 2 in intra¬

uterine death of the foetus and 5 terminated in

abortions, /



abortions, 2 of which were therapeutic. Thus,

there were 2 deaths of viable infants in 7 preg¬

nancies complicated by diabetic retinitis. In

only one patient was there an appreciable deterior¬

ation of the retinitis during pregnancy. In this

case, the condition continued to advance in the

puerperium and there was severe limitation of vision.

There was one patient who had very severe retinitis

at the time of conception and in whom a therapeutic

abortion was performed. The remaining 8 cases

either showed no deterioration of the retinitis

during pregnancy, or the development of occasional

small haemorrhages such as commonly appear from time

to time in any patient with diabetic retinitis apart

from pregnancy.

Diabetic Nephropathy: This term is used to

describe the clinical syndrome which is associated

with the lesions of the kidney known as intercapillary

glomerulosclerosis, and which is sometimes described

as the Kimmelstiel-Wilson syndrome. The clinical

syndrome is a poor index of the incidence of the

renal lesions, which are commonly found at autopsy

in diabetic patients who had shown no clinical signs

of renal damage. The fully developed syndrome

takes the form of a nephrosis with albuminuria,

oedema /



oedema and hypoproteinaemia. In this series there

were 3 cases in whom there was mild oedema (2 cases

only), slight albuminuria and a very moderate

decrease in the albumin fraction of the plasma

proteins. In each case there was diabetic retinitis,

mild in two and severe in the third. Each patient

also had a moderate degree of hypertension. These

features were present in early pregnancy and in one

case they were known to exist before conception, as

they may well have done in the other two, who had

not been seen for many months prior to their first

attendance at the antenatal clinic. These three

patients were considered to have diabetic nephro¬

pathy. Their pregnancies were allowed to continue

and resulted in the birth of live infants in two

cases and intrauterine death of the foetus in one.

In one case the renal damage was apparently increased

by the pregnancy (this patient was the one whose

retinitis also deteriorated), and in the others

there was no evidence that the renal function was

impaired by pregnancy.

Calcified Pelvic Vessels: All patients who were

delivered by caesarean section, and the majority of

the others, had radiological examinations of the

pelvis and in many cases, of the thighs. No

instance /
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instance of calcification of the thigh vessels was

found find only one patient had a minor degree of

calcification of the pelvic vessels. This was a

woman who had been diabetic for 22 years. She had

a pregnancy which was complicated only by moderate

oedema of the legs and her baby survived. She too

had a mild diabetic retinitis.

Thus, there were 10 patients with vascular com¬

plications of diabetes. All had retinitis, three

had a diabetic nephropathy and one had calcified

pelvic vessels. Out of these, 7 had pregnancies

which continued after the 28th week and 5 had live

babies. There is no evidence in this small series

that such complications are associated with a high

foetal mortality, but the number of cases is too

small for any definite conclusion to be made.
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TI1E OBSTETRICAL FACTORS AND MANAGEMENT

Maternal Age.

There was a wide variation in maternal age

amongst the cases in the series. 6 were aged 20

or under and 4 were over 40 years at the start of

pregnancy. Table 28 shows the outcome of pregnancy

in patients of three 10 year age groups. The small

numbers make it difficult to relate the foetal loss

to maternal age, but it is apparent that the 18
cases in the older women did not fare less well than;

those in the other two groups. Nor was there any

clear relation between maternal age and any of the

various categories of foetal death.

Parity of the Mothers.

25 of the mothers were priraiparous, 21 had had

one previous pregnancy and 31 were multiparous. Of

the last group, two patients had had 9 previous

pregnancies, one 10 and one 11. Table 29 shows

the outcome of pregnancy in three groups of patients,

the primiparous, uniparous and multiparous. There

was no significant difference between the foetal

mortality rates in the first two groups, but there

was a considerably higher rate in the multiparous

patients. /



AgeLiveIntrauterineBeonatalFoetalFoetal YearsCases

Births

Abortions
Stillbirths

Deaths

Deaths

Loss

LossRate

16-25

24

18

1

1

2

2

6

25M

26-35

35

24

3

1

5

2

11

31.4$

36-45

18

13

2

0

2

1

5

27-7%

Table28.

Maternalagerelatedtooutcomeofpregnancy.



IntrauterineHeonatalFoetalLiveFoetal
Parity

Cases

Abortions

Deaths

Stillbirths
Deaths

Loss

Births

LossRate

Primiparous
25

2

5

0

1

6

19

24.0$

Uniparous

21

2

2

1

0

5

16

23.8$

Multiparous
51

2

4

1

4

11

20

55-5$

Table29.

Parityrelatedtooutcomeofpregnancy.
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patients. D'Esopo and Marchetti (1942) analysed

1000 foetal and neonatal deaths which occurred in

25,823 deliveries andtiaey found that the foetal

mortality rates were almost equal in primiparous

and multip&rous women, 3-84$ and 3.9$ respectively.

The increased foetal loss in the multlparous patients

in the present series may be explained by the higher

incidence of vaginal delivery in these women. In

the whole series 43 caesarean sections were performed,

16 in 25 primiparous women, 14 in 21 uniparous, and

only 13 in 31 multiparous. It will be shown in a

later section that the cases which were delivered

by caesarean section had a lower foetal loss rate

than those which were delivered by the vagina.

Adequacy of Antenatal Supervision.

In assessing the adequacy of antenatal super¬

vision, three factors must be taken into account,

the quality of the medical and obstetric care, the

duration of pregnancy at the date when the patient

first came under treatment and the number of occasions

on which the patient was seen. The first of these

factors cannot be expressed in terms of figures,

because it is impossible to measure the skill of the

physician and obstetrician or the care with which

the /



the individual patient obeys her instructions. The

other two factors can be reduced to figures, and on

this basis an attempt has been made to relate the

duration and frequency of antenatal supervision to

the result of the pregnancy.

In considering the duration of supervision, the

cases have been divided into three groups according

to the duration of pregnancy at the first visit to

the hospital. 28 patients came during the first

trimester, 28 during the second, and 10 during the

third. The foetal mortality rates for these three

groups were 14.3f°> 23% and 33>3% respectively.

These figures suggest that the prognosis for the

foetus is proportional to the duration of antenatal

supervision.

The frequency of antenatal supervision has been

assessed by giving each case one point for each week

in which a visit was made to the antenatal clinic

and one point for each week spent in hospital during

the antenatal period. It is appreciated that

supervision was more complete when the patient was

in hospital, but it was felt that it would complicate

the picture to allot a higher number of points for

the weeks spent in hospital. The figure for

frequency of supervision thus indicates the number

of /
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of weeks during pregnancy in which the patient

received some antenatal care without regard to its

quality. The cases were dirided on this basis into

three groups. 24 cases had supervision in 1 to 10

weeks, 32 in 11 to 20 weeks and 15 in more than 20

weeks. The foetal mortality rates in these three

groups were 25$# 25$ and 13.3$• Although the

numbers are small, these figures suggest that the

cases with the greatest frequency of antenatal super¬

vision fared better than those with less frequent

attention.

An attempt was made to combine these two factors

in such a way as to determine a rough,index of the

degree of antenatal supervision. This index was

obtained by dividing the figure for frequency of

supervision by the week of first attendance, e.g.

a patient with supervision in 20 weeks who came
23

first in the 10th week would have an index of 10 - 2.

By this arbitrary method, it was found that 39 cases

had an index of less than unity and were thus less

completely supervised than the 32 whose index was

greater than unity. The 39 cases with the lower

indices had a foetal mortality rate of 28.2$ and

the 32 with higher indices, one of 15.6$. Taken

together, these three methods of estimating adequacy

of /



of antenatal care suggest that the foetal survival

is increased in cases where there has been long and

frequent supervision. In this study, the cases

which terminated in abortion have been excluded.

Maternal Body Weight.

The figures for maternal body weight during the

antenatal period are shown in Appendix E. The

weekly record of body weight was found, to be of

great value in antenatal care. In the early months

of pregnancy changes in weight were an index of the

adequacy of control of the diabetes, while in the

later stages an abnormally rapid gain in weight was

often the first warning of the development of

hydramnios or of oedema. Subsequent analysis of

the weight figures has been difficult because of

the many factors involved. Ho evidence has been

found to indicate that a study of weight gain is of

prognostic significance with regard to the fate of

the child. In 6 cases which ended with intrauterine

death of the foetus, the average weight gain per

week after the first trimester was 1.05 lbs.,whereas

the figure in 5 eases, which ended in live births

and were not complicated by oedema, hydramnios or

toxaemia, was l.Olbs. per week. The difference is

not significant.

Hydramnios. /



Evdramnios.

The diagnosis of hydramnios is difficult unless

j the condition is gross, because the definition of

mild hydramnios is inexact. In consequence, the

recognition of mild degrees of this complication of

pregnancy depends upon the clinical judgment of the

individual obstetrician. In this series, there

were Jo viable pregnancies in which some degree of

hydramnios was considered to be present. In the

great majority of these cases it was mild. Amongst

the cases of hydramnios there were 4 pregnancies

which resulted in neonatal death, J in intrauterine

i death and 1 in stillbirth, a foetal loss of 22.2$.
This figure is a little less than that for the

viable pregnancies in the whole series and there is

thus no evidence that hydramnios was a complication

of ill omen with regard to foetal death.

Toxaemia.

This complication of pregnancy also gives rise

to diagnostic difficulties because of differing

opinions on the subject of definition. For this

reason, it has been decided to consider the three

cardinal features of toxaemia, hypertension, albumin¬

uria and oedema, individually and in combination.

There were 6 cases in which all three features

were /



were present and. the only foetal loss in this group

was one intrauterine death. It has already been

mentioned that 2 cases with these three signs were

considered to be suffering from diabetic nephropathy;,

so that there were only 4 cases in which the three

signs occurring together were due to pre-eclampsia.

In addition to these 6 cases, there were 2 preg¬

nancies in which hypertension and albuminuria

occurred together without oedema. One was a case

of diabetic nephropathy and in both there was an

intrauterine death of the foetus. There ,were 5
|

cases in which hypertension and oedema occurred

without albuminuria and with one neonatal death,

and there were 4 cases in which albuminuria and

oedema occurred together with one intrauterine

death. Thus, there were 17 cases in which two or

more of the classical features of pre-eclampsia

occurred, but 3 of these were cases of diabetic

nephropathy and one was a case of essential hyper¬

tension, so that there were 13 cases of pre-eclampsia

in which 3 babies died. In no case was the pre-

-eclampsia severe, and in the majority there was

little or no deterioration in the condition when

the patients were admitted to hospital and confined

to bed. Indeed, it was felt that the risk of severe

toxaemia /
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toxaemia was minimised in these diabetic patients

by the close antenatal supervision and early admission

to hospital on the appearance of any signs of the

condition.

Taking the three cardinal signs of toxaemia

individually, there were 16 cases in which oedema

alone appeared, 5 in which there was hypertension

alone and 2 in which there was albuminuria alone.

There was one foetal death in each group. The

information detailed above is summarised in Table

30. It will be seen that the incidence of toxaemia

was raised, 13 cases, or 19.7$, in 71 viable preg¬

nancies, if we define pre-eclampsia as the appearance

of two or three of the cardinal signs of the disease

during the later weeks of pregnancy. On the other

hand, there was no severe toxaemia and there is no

evidence that the foetal loss rate was increased in
.

I
the pre-eclamptic cases.

Other Complications of Pregnancy.

There were several cases with mild or moderate

vomiting during early pregnancy and 3 cases in which
I

the vomiting was severe enough to require treatment

in hospital. One woman had a large ovarian cyst

and one had moderate sized fibroids. Urinary

infection complicated 4 pregnancies but was not

severe /



Cases 1 Foetal Death

Cases 2 Foetal Deaths

Cases 1 Foetal Death

Cases 1 Foetal Death

Cases

3 Cases had Diabetic nephropathy

1 Case had Essential Hypertension - leaving

13 Cases of Pre-eclampsia with 3 Foetal Death

- 23,1 Foetal Mortality Rate.

Hypertension only 5 Cases 1 Foetal Death

Oedema only 16 Cases 1 Foetal Death

Albuminuria only 2 Cases 1 Foetal Death

Table 30.

Hypertension)
Albuminuria
Oedema

Hypertension)
Albuminuria J 2

Hypertension
Oedema

Albuminuria
Oedema ) 4

Total - 17

Analysis of cases with signs of toxaemia.



severe in any. One patient was a mentally deficient

dwarf who had a therapeutic abortion. The most

important complication was antepartum haemorrhage.

; There was one ease of threatened abortion at the

I 25th week. In this case the threat did not mater¬

ialise arid a live baby was delivered at the 36th

week. In another case there was intermittent haem-

orrhage from the 24th to the 50th week, when a

spontaneous delivery occurred but the infant survived

for only a few hours. In a third case, there was

a concealed accidental haemorrhage at the 32nd week,

followed by spontaneous delivery of an infant which

survived. In a fourth case, there was haemorrhage

at the 30th' week followed by the delivery of a

macerated foetus at the 36th week. Tims, uterine

haemorrhage was responsible for the death of two

viable infants.



DELIVERY

Spontaneous Labour Delivery.

In II cases there was a spontaneous onset of

labour with subsequent vaginal delivery. • In each

case the onset of labour was premature, there being

one case in the 30th and 32nd weeks, two in the 35th

four in the 56th, one in the 37th and two in the
i jy

38th week. The absence of spontaneous labour at

term was due to the fact that premature delivery

was an important feature of the programme of obstet¬

rical management. It has already been noted that

accidental haemorrhage preceded the onset of labour

in three of these cases, but there was no obvious

reason for the premature labour in the remaining

pregnancies. One intrauterine death, two still¬

births and one neonatal death occurred in this group

of 11 cases, a foetal loss rate of 36.4$.

Induced Labour.

In 17 cases labour was induced. This method

was employed in 7 cases because.the foetus had died

in the uterus, and in the remaining 10 because there

had been a previous history of successful vaginal

delivery, and it was thought that there was no reasoh

to prefer delivery by caesarean section. Various

procedures /
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procedures were undertaken in the hope of inducing

labour. The time-honoured "medical" induction

with enemata and castor oil did not prove to be

very successful and in most cases it was necessary

either to sweep the membranes from the lower uterine

segment after inserting a finger through the cervix,

or to rupture the membranes by artificial means.

Even after these "surgical" inductions there was

sometimes a delayed onset of labour. In the 10

cases in whom labour was induced when the foetus was

still alive, only one baby died and this was in the

neonatal period.

It was particularly difficult to maintain satis¬

factory control of the maternal diabetes during

labour. The muscular exertion and reduction in

food intake led to a decrease in insulin require¬

ments. Uncertainty as to the difficulty and

duration of labour complicated the position still

further and finally, vomiting and the use of an

anaesthetic at the time of delivery were additional

factors which had to be anticipated. It was only

possible to avoid serious trouble if the physician

made frequent visits to the labour ward to watch

the progress of the patient. Small doses of soluble

insulin were administered as required and carbohydrate

was /



[ was given in fluid feeds at hourly intervals. If
vomiting was troublesome, 6% glucose was given by

intravenous infusion. Terminal anaesthesia was

usually of brief duration find chloroform or trilene

were used in most cases.

Caesarean Section.

This method of delivery was adopted in 4J cases.

It was the method of choice in primiparous women

and patients who had a previous history of difficult

vaginal delivery or a previous caesarean section.

In some cases the section was performed by the

classical method and in others through the lower

uterine segment. The patients were prepared by

the administration of Sanger's food and lactose and

I a dose of soluble insulin 4 hours before the operatibn

began. Apart from the use of atropine or hyoscine,

in a fevj patients, no other premedication was given.

Spinal anaesthesia was used in all cases except two

in whom it was abandoned after an unsuccessful

attempt. In some cases light general anaesthesia

with cyclopropane, nitrous oxide and oxygen was

administered after the delivery. At each caesarean

section a physician and a paediatrician were present.

The only complication of diabetes which arose during

the caesarean sections was hypoglycaemia. This was

rare /
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rare and was treated immediately by intravenous

injection of glucose. In some patients there was

persistent retching with a little vomiting during

the operation. This gave rise to mild ketosis

which was easily corrected by the intravenous in¬

fusion of glucose and frequent small doses of soluble

insulin.

Comparison of Methods of Delivery.

As has been indicated in the review of the

literature, there is still much discussion about

the best method of delivery in diabetic women.

Table 31 shows the fate of the foetus in 71 viable

pregnancies, according to whether delivery was by

caesarean section or by the vaginal route. At

first examination, it would appear that the foetal

loss was much greater in cases of vaginal delivery,

but it has already been mentioned that this method

of delivery was chosen deliberately in 7 cases

because the foetus was known to have died in the

uterus. In one other case, there was a spontaneous

onset of labour after an intrauterine death. One

caesarean section v/as performed in a case where the

foetus was already dead. The foetal death had not

been recognised because the foetal heart was thought

to have been heard immediately before the operation,

which /



MODEOFDELIVERYRELATEDTORESULTOFPREGNANCY, EXCLUDINGABORTIONS.
MODEOF

TOTAL

INTRAUTERINE
STILL¬

NEONATAL

LIVE

TOTALFOETAL

DELIVERY
CASES

DEATH

BIRTH

DEATH

BIRTH

LOSS

CAESAREAN
A3

1

0

3

39

A

SECTION VAGINAL

28

8

2

2

16

12

DELIVERY

Table'51»

ComparisonofcaesareansectionandvaginaldeliveryintrospectoffoetalIn.qg.
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which would not have been undertaken if the true

state of affairs had been known. The foetus showed

| definite signs of maceration. To compare the two

| methods of delivery it is more correct to omit those
cases in which intrauterine death had occurred. If

this is done, we find that three babies died after

| delivery in 42 caesarean sections, and that 4 babies

died during or after vaginal delivery in 20 cases,

j The foetal loss rate was thus greater in the cases

; of vaginal delivery. Taking only the cases in

which labour was induced, there was one foetal death

in 10 cases, a result which compared favourably with
.

that obtained by caesarean section. There was no

evidence in this series that the incidence of neo-

j natal death was increased by caesarean section,

there being 5 such deaths in 42 cases, compared with

| 2 in 20 cases delivered by the vagina. The evidence

suggests that caesarean section affords the better

chance of foetal survival, but that vaginal delivery

after induction of labour in suitable cases is

reasonably safe. There was one case in which

caesarean section was performed after induction of

labour, because a transverse lie prevented easy

vaginal delivery. The foetal loss rate was highest

in the cases delivered by the vagina after a spon-

I taneous onset of labour.



THE PUBxiPERIUM

Diabetes.

The fall in insulin requirements at the time of

delivery was shown in Figure 2 and discussed in

connection with the question of foetal insulin

production. After the diabetes had been stabilised

in the early puerperium, it was common to find that

a second increase in carbohydrate tolerance took

place, during which the insulin requirement reverted

to a level which was very similar to that in the

sarae patient prior to conception. The time of this

second fall varied. In some patients it was com¬

plete before they were discharged from hospital, 10

to 14 days after vaginal delivery, or 21 days after

caesarean section. In others the fall did not take

place until the patient had returned home and resume-

normal activity. The likelihood of this change in

insulin requirement was well appreciated and the

doses were adjusted so as to allow moderate glycos¬

uria in an attempt to avoid the occurrence of hypo-

glycaemia. Despite this precaution, a number of

patients had mild insulin reactions in the early

puerperium. If it was considered that a further

fall in insulin requirement was likely to take place

after the patient returned home, both she and her

doctor /



doctor were warned of this possibility and told to

reduce the dose of insulin if hypoglycaemia occurred.

This advice was not always taken, with the result

that a few patients had severe hypoglycaemia after

their return home.

Puerperal Morbidity.

In the early puerperium, before discharge from

hospital, there was a considerable maternal morbid¬

ity. In this respect, the patients who were deliv¬

ered- by the vaginal route fared much better than

those who had caesarean sections. Following vaginal

delivery there was a complicated puerperium in only

three cases; one patient developed an abscess in

her arm, one had a local uterine infection and one

had a urinary infection and a local uterine infec¬

tion. All responded quickly to appropriate chemo¬

therapy or antibiotic treatment.

After caesarean section there were 5 cases of

local uterine infection, 6 cases of urinary infec¬

tion, 3 of infection of the abdominal wall, 2 of

acute mastitis, 1 of thrombosis of deep leg veins,

2 of acute bronchitis, 2 of pulmonary atelectasis

and infection of the collapsed parts of the lungs,

and 1 of bronchopneumonia. In addition, there were

a few cases with headache and pain in the lumbar

region /
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region, which were attributed to the direct effects

| of the spinal anaesthetic. Most of the infections
were mild or moderate and responded readily to

appropriate treatment, but in two cases it was

necessary to perform secondary sutures of the

abdominal wall. One patient with atelectasis of

the left lower lobe had a haemophilus influenzae

infection of the collapsed lobe and was desperately

ill. She recovered after bronchoscopic drainage

and treatment with chloramphenicol. In three other

patients respiratory infection was very troublesome

! and gave rise to some anxiety.

The occurrence of these complications after

caesarean section emphasises the fact that this

method of delivery is undertaken primarily for the

benefit of the foetus, and that induction of prem-

j ature labour is a much safer procedure for the
%

mother. The choice of spinal anaesthesia may well

be responsible for the incidence of pulmonary infec¬

tion, but this measure too was adopted in the inter-

| est of the foetus, because it was felt that pre¬

medication and general anaesthesia would be likely

to increase the risk of neonatal death. It is

realised that the practice of hazarding the life

and health of the mother by performing caesarean

I section /



section for the sake of the child is justifiable

only because of the availability of modern anti¬

biotics, anticoagulants and chemotherapeutic agents,

whose use minimises the severity and duration of

the post-operative complications.

Late Maternal Morbidity.

It has not been possible to follow the later

progress of all the patients, but it is known that

three have subsequently developed pulmonary tuber¬

culosis. This was diagnosed in one case 15 months

after delivery, and in the other two after an inter¬

val of 2 years. It is uncertain whether the preg¬

nancy had any aetiological significance in these

cases, but it is recognised that the first year

after confinement is a time of particular stress

for the young mother, during which she is apt to

neglect her own nutrition and possibly exposes

herself to an increased risk of the development of

tuberculosis.

Four patients are known to have died since

delivery. One, already mentioned in this thesis,

died of pneumonia and diabetic coma within a month

of her discharge from the hospital. The other three

died at much longer intervals after delivery, one of

coronary thrombosis, one of renal carcinoma and one

in /



in mysterious circumstances after an abortion. The

patient who died of coronary thrombosis was the one

whose retinitis and diabetic nephropathy advanced

during pregnancy and the puerperiuxa.

Lactation.

On the whole, it was difficult to establish

satisfactory breast feeding in these patients.

Very few fed their babies at the breast for a normal

period of 5 or 6 months, and many did not continue

to feed their infants after they were discharged

from hospital. There were three possible causes

for this unsatisfactory state of affairs. First,

the operative delivery and subsequent puerperal

complications interfered with the onset of lactation

in a minority of patients. Second, the premature

infants could not be put to the breast for the

first few days of their life, as they were nursed

in a warm room and in oxygen tents. Later, when

they were strong enough to begin to stickle they

were often inactive, lazy and difficult to stimulate.

It was the opinion of the ward sisters that the

failure of lactation was more often the result of

inefficient suckling by these premature infants

than due to any inherent inability of the mother to

lactate, /
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lactate. Third, not a few of the mothers abandoned

breast feeding within a few days or weeks of their

return home and there were few who v/ere convinced

of the superiority of natural over artificial feed¬

ing. There was no evidence that diabetes itself

interfered with lactation.



HORMONE ASSAYS AND THERAPY

Introduction.

It has already been stated that one of the

objects of this study was to assess the claims

advanced by the Smiths and Priscilla White that

hormonal imbalance was associated with an increased

foetal mortality, and that hormone therapy corrected

the imbaleince and reduced the foetal loss.

Chorionic gonadotrophin assays were done on

specimens of blood and urine and in some cases in

the placenta by Dr. J.A. Loraine and his technical

assistants in the laboratories of the Department of

Pharmacology of Edinburgh University and of the

Clinical Endocrinology Research Unit of the Medical

Research Council. The method employed was described

by Loraine and Gaddum (1950), and depends upon the

measurement of the enlargement of the prostate in

immature rats. It is emphasised that this method

differs from the one used by the Smiths and White,

which depends upon the development of corpora lutea

in the ovary of the immature rat. The prostatic

hypertrophy method is claimed to be more accurate

from a statistical point of view (Loraine, 1952),
and Loraine's results are expressed in terms of

International Units, having the great advantage of

allowing /



258

!

allowing comparison with the figures of other

workers who adopt the same practice.

Pregnanediol assays were done by Mrs. E. Michie

and her technical assistants in the laboratories of

the Clinical Endocrinology Research Unit. The

j method used was the short method described by

Sommerville, Marrian and Kellar (1948). This

| estimates free pregnandiol by colorimetry after
acid hydrolysis of the sodium pregnandiol glucuron-

ide. In some cf the early cases, the pregnanediol

assays were done by the late Dr. A.M. Hain, using
.

the method of Venning (1937)> which estimates sodium

pregnanediol glucuronide. Dr. Hain was working in
j

| Manchester and it was necessary to send the 24 hour
collections of urine to her by passenger train.

They were despatched on the day after they were

received from the patients, and extracted on the

evening of their arrival in Manchester. This was

an unsatisfactory procedure and was abandoned when

Mrs. Michie was able to undertake the assays in

Edinburgh. Again this method differs from those

used by the Smiths and White,

The results of the assays of CG are presented

| in Appendices G and H and those of pregnanediol in

Appendix F.

Chorionic Gonadotrophin. /



Chorionic Gonadotrophin.

Some of the results of the CG assays have been

published by Loraine (1949, 1952), who demonstrated,

the occurrence of abnormally high levels of CG in

the blood, urine and placenta in a proportion of the

pregnant diabetic patients of this series. Loraine

(I952) stated that it had not been possible to

correlate the blood and urine levels of CG with any

medical or obstetrical feature in these patients.

Furthermore, he found that the administration of

stilboestrol was followed by an evanescent fall in

the urinary excretion of CG (Loraine, 19^9)• In

The diabetic patients, a proportion of cases had

high placental concentrations of CG, a finding which

was generally correlated with high levels of serum

CG (Loraine, 1952). In this report, it is intended

to present details of an attempt to correlate the

CG levels in the blood and urine with the fate of

the foetus.

Urinary CG.

The results of the urine assays are expressed

in International Units per 24 hours. In the first

trimester of normal pregnancy readings up to 50*000

I.U./24hrs. are found, but in the second and third

trimesters readings which are constantly in excess

of /
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of 11,000 I.U./24hrs. must be regarded as patholog¬

ical (Loraine, 1952). The results in this series

of patients have been analysed in two ways.

Figure 4 shows the mean figures for urinary CG

after the 19th week of pregnancy in each case.

Cases resulting in foetal survival and foetal loss

are distinguished by separate symbols. In addition

to showing the relation between the fate of the

foetus and the mean urinary CG level, the figure

shows the number of estimations performed in each

case after the 19th week, thus permitting some

measurement of the significance of the individual

mean figures. It will be seen that this method of

analysis does not reveal any correlation between the

high levels of urinary CG and the foetal loss rate.

In the second method of analysis the cases

were divided into two groups, those with foetal loss

and those with foetal survival. In each group,

the total number of assays performed after the 100th

day of pregnancy was then divided into those which

were above and below 11,000 I.U./24hrs. Table 32

shows the result of this analysis. It will be seen

that the cases resulting in foetal loss had a con¬

siderably higher proportion of abnormally raised

urinary CG assays than those resulting in foetal

survival. The significance of this difference is

shown /
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ResultofPregnancyCases FoetalLoss14 FoetalSurvivalJ4
AveragePercentageofPercentageof AssaysAssays>Assays<

AssaysperCase11,000I.U./24hrs.11,000I.U./24hrs 1158.244.555*7 5259.528.671.4 Table52.

UrinaryCGassaysafter100thdayofpregnancy.



shown to be very dubious by Table 55 which was con¬

structed in exactly the same way as Table 52, but

with the omission of Case 24. This v/as a patient

whose baby died one week after delivery as the

result of pneumonia following the accidental inhal¬

ation of a feed. Such a death can hardly be

attributable to maternal diabetes or to any maternal

hormonal imbalance, and if it had not been for this

untimely accident Case 24 might well have been in¬

cluded in the foetal survival group and thus have

Influenced the analysis in the opposite direction.

An unusually large number of assays (55) were per¬

formed in this case because it was one in which the

effects of stilboestrol on CG excretion were studied

It will be seen that the omission of Case 24 resulted

in a reduction in the percentage of high urine CG

assays, so that the figure for the foetal loss group

became less than that in the foetal survival group.

It is concluded that in these cases and with

this method, the finding of high levels of urinary

CG in the second and third trimesters was of no

prognostic significance with regard to the fate of

the foetus.

Serum CG. /



Result
ofPregnancy
Cases

Average Assays

AssaysperCase
Percentageof Assays>

11,000I.U./24hrs.
Percentageof Assays<

11,000I.U./24hrs.

Foetal
Loss

15

826.5

25.2

76.8

Foetal
Survival

54

3259-5

28.6

71.4

Table^3.

UrinaryCGassaysafter100thdayofpregnancy withtheomissionofCase24.



Serum CG.

The results of the assays are expressed in

terms of International Units per litre of serum

(I.U./l.) In. normal pregnancy there is a close

approximation between the figures for urinary CG

in I.U./24 hrs. and serum CG In I.U./l. and in the

same way a serum CG figure in excess of 11,000 I.U./l.
in the second and third trimesters is regarded as

excessive (Loraine, 1952).

Figure 5 shows all the serum CG assays which

were performed in 37 diabetic pregnancies. Assays

in cases with foetal loss and foetal survival are

distinguished by the use of different symbols. It

will be seen that a considerable number of individual

assays were in excess of 11,000 I.U./l. after the

14th week of pregnancy and were thus abnormal. High

figures before this date were a part of the normal

peak of CG during the first trimester. It is also

apparent that there is no obvious correlation between

the high CG levels and the occurrence of foetal

death.

Figure 6 was prepared in the same way as Figure

4 and shows the mean serum CG in each case after the

24th week of pregnancy. Here the number of assays

was relatively small, but It is apparent that the

foetal deaths occurred more often in cases with a

normal /



SERUMCHORIONICGONADOTROPHS.
35 30 25

SerumC.G.
1" *5000 INTUNITS. PER LITRE.15

20

10

*».. •• x.

X•

•*

X*•I• •'•X

•:•*
••••#

xx .!£;-i-^xi.?' ;s:•x•*...• •x•••x..•|•x••#•x••:•*.*•:x|
*••»

•.X.JX

246810121416182022242628303234363840 WEEKSOFPREGNANCY.
x.Casesofintrauterine6.neonataldeath.Total.9. •-Caseswithfoetalsurvival.Total,28. Figure3.

ScattergraphshowingalltheserumCGassays doneirx37diabeticpregnancies.
Inthescale,thefigure1"referstotheoriginaldrawing beforereduction.ThenumeralsrepresentthousandsofIU perlitreofserum.Eachsymbolrepresentsanindividual assay.



23
MEAN SERUM CG AFTER 24th WEE K OF PREGNANCY

0
O

21-

19-

17-

15-

13-

11-

7-

5-

3-

X

nO

o°

X
o

o
X

oo°

xo

Cases with foetal survival «0

Cases wi th foetal loss » X

XX O^-

o

-+- -+- -+- -t- 1 1
6 7 82 3 4 5

Numbar of estimations per case .

Figure 6.

Mean serum CG after the 24th week of pregnancy.
Each symbol represents the mean figure in one case



normal mean figure than in those with high figures,

and there is no obvious correlation between any

particular mean and foetal loss.

Table 34 was prepared in the same way as Tables

32 and 33* by dividing the cases into those with

foetal loss and survival and the assays into those

above and below 11,000 I.U./l. There is no sig¬

nificant difference between the percentages of high

assays in the two groups and it is of interest that

these figures are very similar to those for urinary

CG in Table 33.

Analysis of the serum CG assays by the proced¬

ures depicted in Figures 5 and 6 and Table 34 shows

clearly that serial assays, by this method and in

these cases, were of no prognostic significance with

regard to the ultimate fate of the foetus. In

summary, therefore, it has been our experience that

there is no correlation between CG assays in blood

and urine and foetal loss. Infants survive in cases

where the CG levels are high and foetal death occurs

in cases with normal CG assays. The use of such

assays as a guide to the clinical management of the

diabetic pregnancies has bean abandoned in our

clinic.

Urinary Pregnanediol. /
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AveragePercentageofPercentageof AssaysAssays>Assays<
CasesAssaysperCase11,000I.U./l.11,000I.U./l. 9545-823.576.5

28.1756.2521.773.5 Table54,
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Urinary Pregnanediol.

The assays done in Manchester by Dr. A.M. Hain

were few in number and have not been analysed in

relation to foetal loss. They are shown in Appendix

F. They demonstrate well the higher figures ob¬

tained by the Venning method than by the method of

Sommerville, Marrian and Kellar (1948). There was

a considerable variation in the assays performed in

successive weeks in individual cases, and the two

pregnancies in which foetal loss occurred did not

have a sustained fall in pregnanediol excretion.

Figure 7 shows the total number of pregnanediol

assays which were done in 45 diabetic pregnancies

by the method of Sommerville, Marrian and Kellar

(1948) . Assays in patients 'with and without foetal

loss are distinguished by the use of different

symbols. The general picture, with low figures in

the early stages and a steady increase with a widen¬

ing range as pregnancy advances, is very similar to

that obtained in a series of normal pregnancies by

Mrs. S. Michie, using the same method, (Michie, 1953)-
The pattern of the scatter graph is also very similatf

to those obtained in normal pregnancy by other

workers using different methods, though the actual

figures may differ. It may be seen that many

assays obtained from cases with subsequent foetal

loss /
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loss were included among the higher figures in any

particular week, and that foetal survival occurred

in some cases despite low pregnanediol excretion

at various stages of pregnancy. After the 30th

week foetal loss cases showed rather lower figures

for pregnanediol excretion than foetal survival

cases. Tliis point is brought out more clearly by

considering the total number of assays performed

in each week of pregnancy, dividing them into groups

according to their occurrence in cases with foetal

loss and foetal survival, and tabulating the mean

figures for each group. This method was used in

the construction of Table 35-

Table 35 shows that the mean pregnanediol

excretion in the two groups of cases rose steadily

and roughly in parallel until the 28th week of

pregnancy. Thereafter the increase in excretion

was less rapid in the cases with foetal loss, in

whom there was a decrease in the 33*"d and 3'lth weeks.

It should not be concluded that foetal loss is always

preceded by a fall or a relatively slo?; increase in

pregnanediol excretion in the later weeks of preg¬

nancy. Taking the foetal loss cases individually,

it was found that the week by week variation in many

cases was so great that it was difficult to interpret

the general trend. It is also possible that in

some /
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FOETAL LOSS CASES

Mean
lumber Pregnanediol

Week of of Excretion
Pregnancy Assays mg./24hrs.

16 2 15

17 2 21

18 3 18

19 3 17

20 3 21

21 2 15

22 3 28

23 3 21

24 6 27

25 • 4 29

26 7 32

27 6 35

28 6 40

29 6 40

30 9 40

31 7 41

32 8 44

33 6 36

34 8 34

35 8 49

36 6 54

Table '15.

FOETAL SURVIVAL CASES

Mean
Pregnanediol Number
Excretion of
mg./24hrs. Assays

12 13

15 16

17 17

17 19

19 23

19 15

24 17

26 21

31 17

30 23

35 19

39 22

40 22

45 25

49 24

53 27

50 25

55 31

56 26

53 26

58 24

Mean pregnanediol excretion to nearest rag./24hrs.
by weeks of pregnancy according to foetal loss or survival.



some cases low pregnandiol excretion was an indic¬

ation that a calamity had already occurred rather

than a warning of impending disaster. In Case 52

the pregnanediol excretion rose to 88mg./24hrs. in

the 55 th week and fell to 29.9n*g»/24hrs. in the

56th, during which week a macerated foetus was

delivered. The foetal death had not been recognised

before delivery, but it is probable that it had

occurred before the collection of the specimen which

showed the profound fall in pregnanediol excretion.

Case 51 had low levels of pregnanediol throughout

pregnancy, but the excretion was particularly low

in the Jlst and 32nd weeks, after the foetus, which

was anencephalic, had died in the uterus. In Case

62 there was a pronounced decrease in pregnanediol

excretion after the 30th week in which uterine

haemorrhage began. In contrast to these was Case

30 in which there was a persistently low pregnanediol
excretion with the subsequent birth of an infant

which survived. Figure 8 shows an interesting

comparison between successive pregnancies in two

patients. Case Jl, as already mentioned, showed

persistently low levels of pregnanediol excretion

and terminated in the delivery of a macerated anen¬

cephalic foetus. Case 31A, the next pregnancy in

the same woman, was successful and the child survived.

There /
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There was a much higher level of pregnanediol excre¬

tion, but. a very pronounced fall in the figures

obtained after the 23th week. In this case, the

fall was not of ill omen. Case 36 was a successful

pregnancy with a steady rise in pregnanediol excre¬

tion. In Case %A. the pregnanediol figures were

lower and a fall occurred after the 32nd week. This

pregnaney resulted in the birth of a macerated

foetus.

In summary, it was concluded that, although

mean figures showed a slight decrease in pregnanedio*

excretion during the later weeks in= cases with foetal

loss, serial assays by this method were of very

limited prognostic value with regard to the fate of

the foetus, and that a pronounced fall in excretion

might indicate that some calamity such as intra¬

uterine death or antepartum haemorrhage had already

occurred. On the other hand, such a fall was not

incompatible with foetal survival.

Toxaemia and Hormone Assays.

There was no correlation between high levels of

CG in blood and urine and the occurrence of pre-

-eclampsia. This complication of pregnancy did not

arise in patients who had very high CG levels but in 2

patients 'with pre-eclampsia the mean urinary CG afte:

the /



the 19th week of pregnancy was between 11,000 and

13,000 I.U./24hrs. There was no evidence that the

pregnanediol excretion was low or decreasing in the

patients who had high CG levels. There was no

constant relationship between pre-eclarapsia and a

fall in the pregnanediol excretion.

Hormone Therapy.

The results of hormone therapy are difficult

to interpret because various preparations were used

and there was no constant scheme of doses. In the

early stages of the work stilboestrol was given by

mouth if the CG excretion was abnormally high, and

progesterone by intramuscular injection if the

pregnanediol excretion fell. Stilboestrol was

found to have a very temporary effect upon the CG

excretion and for a while all hormone therapy was

i abandoned. At a later stage 3 cases were treated

with oral stilboestrol and ethisterone in the course

: of the M.R.C. trial of hormone therapy. 17 cases

received some form of hormone therapy at some time

I during pregnancy. 5 had sti^boestrol alone, 4 had

stilboestrol and progesterone, 2 had stilboestrol,

progesterone and ethisterone, 5 had stilboestrol

I and ethisterone and 1 had ethisterone alone. The

remainder /



remainder* comprising 54 viable pregnancies and 6

abortions, had no hormone therapy.

There was considerable variation in doses and

duration of therapy but, generally speaking, the

dose of stilboestrol was large, starting with about

lOffig. per day and increasing to 100 or 20Gmg. per

day. The doses of progesterone varied between 10
,

and 6Gmg. per day and those of ethisterone started

at 2?mg. per day and increased to 250mg. per day.
4

The 3 cases included in the M.R.C. trial had uniform:

treatment. In these, 50mg• of stilboestrol and
Z *,

25mg. of ethisterone were given until the 20th week j
and the dose of each was increased until the patients

received 200ag. of stilboestrol and 2p0mg. of

ethisterone in the 32nd week.

There were one stillbirth, one intrauterine

death and two neonatal deaths in the group of 17

cases in which hormone therapy was used. This

represented a foetal loss rate of 23*5% compared

with 22.2.1 in the 54 viable cases in which no hormone

therapy was used. There was thus no evidence that

hormone therapy reduced the foetal loss rate. It

is true that 8 of the 9 intrauterine deaths occurred

in the absence of hormone therapy but this is of

doubtful significance.

Effect /
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Effect of Hormone Therapy on Hormone Assays.

It lias already been mentioned that stilboestrol

had only a transient effect on CG levels and this

does not require further discussion. No trial was

made of the effect of intermittent doses of stil~

boestrol on pregnanediol excretion, but there was

no evidence that the patients who received large

doses of stilboestrol for long periods had low

prsgnanediol excretion levels. In fact, Cases 11B

and 67 who both had maximum doses of stilboestrol

showed high levels of pregna.nediol, exceeding

100mg./24hrs. in the later weeks of pregnancy. In

the few cases in which progesterone was used there

was an increased pregnanediol excretion, but with

one exception these patients had pregnanediol assays
"

done by the Venning method and in consequence the

administration of progesterone did not influence the

interpretation of pregnanediol assays in Figure 7

and Table 55* which did not include these cases.

Ethisteron© is not excreted as pregnanediol and did

not affect the results of these assays.
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THE INFAIITS OF THE DIABETIC MOTHERS

Introduction.

It is not intended that this section should

comprise a complete analysis of the data that have

teen collected about the infants and their behaviour

in the neonatal period. This is a paediatric

subject which is beyond the scope of this thesis,

and the discussion will be confined to an analysis

of data which might be of importance in establishing

the causes of foetal death or in connection with

other problems of diabetic pregnancy.

Maturity.

The maturity of the infants at birth has been

estimated by gestational age rather them infant size.

In the majority of cases the menstrual history was

considered to be reliable and to give a satisfactory

basis for the calculation of the duration of preg¬

nancy. Table 36 shows the gestational age at

delivery related to the outcome of pregnancy. It

will be seen that 60 of the *J1 infants were delivered

in the 35th to 33th weeks inclusive. Only 6 were

delivered before the 35th week and 5 after the 33th.
The figures are too small to support any definite

conclusion about the relation between maturity and

foetal /



MATURITY RELATED TO RESULT OF PREGNANCY,

ABORTIONS EXCLUDED.

DURATION OF
RESULT OF PREGNANCY

TOTAL

FOETAL

LOSS

PREGNANCY

AT DELIVERY.
WEEKS

INTRA¬
UTERINE
DEATH

STILL¬
BIRTH

NEONATAL
DEATH

LIVE
BIRTH

TOTAL

PREGNANCIES

30 0 1 1 0 2 2

31 0 0 0 0 0 0

32 0 0 0 1 0 1

33 1 0 0 0 1 1

34 0 0 0 2 0 2

35 2 0 0 4 2 6

36 2 1 2 19 5 24

37 2 0 1 16 3 19

38 1 0 1 9 2 11

39 0 0 0 2 0 2

40 1 0 0 1 1 2

a 0 0 0 1 0 1

TOTALS 9 2 5 55 16 71

Table 56,

Maturity by gestational age at delivery
related to the fate of the foetus.



foetal loss, "but it is obvious that delivery before

the 34th week is associated with a high foetal loss.

3 out of 4 babies born so early in pregnaney died.

Birth Weight.

Table 37 shows the relation between birth weight

and the outcome of pregnancy. Here again the figures
are too small to support firm conclusions. Only 14

babies weighed less than 6lbs. at birth and 7 of

| these died. 11 babies weighed more than 9lbs. at
'

birth and none of these died. 46 babies weighed

! between 6 and 9lbs. at birth and 9 of these died.

It is apparent that the majority of the babies

were large for their gestational age, because those

weighing between 6 and 9lbs. would have been normal

: in weight if they had been delivered at term, while

those in excess of 9lbs. would have been considered

large at term. It was shorn in Table 36 that only

5 babies were bom after the 38th week, and con¬

sequently the great majority were premature.

The relation of birth weight to foetal loss is

less clear. The small babies fared badly, with a

foetal loss rate of 30,1, but the infants in excess

of 9 lbs. all survived. 4 of these were delivered

vaginally after induction of labour, and 3 were born

to one diabetic woman. Induction of labour in the

presence /



BIRTH WEIGHT OF BABY RELATED TO OUTCOME OP PREGNANCY.

Birth Intra- Still- Neonatal Total Live Total
Weight. uterine hirth. Death. Foetal Births. Births.

1-2. 1. 0. 0. 1. 0. 1.

2-3. 0. 1. 0. 1. 0. 1.

3-4. 0. 0. 1. 1. 2. 3.

4-5. 0. 1. 0. 1. 0. 1.

5-6. 1. 0. 2. 3. 5. 8.

6-7. 3. 0. 2. 5. 16. 21.

7-8. 1. 0. 0. 1. 15. 16.

8-9. 3. 0. 0. 3. 6. 9.

9 - 10. 0. 0. 0. 0. 6. 6.

10 - 11. 0. 0. 0. 0. 4. 4.

11 - 12. 0. 0. 0. 0. 1. 1.

Totals. 9. 2. 5. 16. 55. 71.

This table excludes all cases which terminated in abortion.

Table 57,

Infant birth-weight
related to the result-of pregnancy.



presence of a large baby was undertaken only if there

was a history of previous easy vaginal deliveries.

The remaining 7 babies were delivered by caes&rean

section. It is probable that some of these big

Infants would have died if they had been delivered

by the vaginal route in mothers who had not already j
demonstrated their ability to have big babies in

this way.

It is of particular interest that most of the

11 babies with birth weights in excess of 9lbs. were

premature by gestational age. One was born in the

34th week, 3 the 35th, 3 in the 36th, 1 in the

37th, 2 in the 33th and 1 in the 41st week. These

figures illustrate very well the dangers of calcul-

ating maturity by foetal weight and size, for such
■

children are truly enormous for their gestational

age.

Congenital Defects.

Only one infant had a lethal congenital defect.:
/• ' • \.,

This was the anencephalic foetus in Case 31• Apart

from this, there were 4 cases with relatively un-
|

important congenital anomalies. One baby had a

congenital hernia of the lateral wall of the abdomen^
one had a deformed external ear, one had a double

thumb /



thumb on one hand, and one had two "port win©" "birth

marks on the trunk. Thus, congenital defect was

an insignificant cause of foetal death and a minor
b-it

cause of infant mortality.

Later Health of the Children.

It has not been possible to follow the fate of

all the children, but so far as is known not one of

them has yet developed diabetes mellitus. One

infant died at home, aged 5 weeks, and the cause of

death was not known. One infant suffered from

meningitis at the age of one year and developed

hydrocephalus with mental deficiency.

;V
, '■ ^ 1;' 1 \

Neonatal Morbidity.

The most important disorder in the neonatal
I

period was respiratory insufficiency. In some

j infants it was difficult to establish normal pulmon-
.

ary ventilation from the time of birth, but in many

there was a brief period of one or two hours after

birth, during which respiratory movements were satis¬

factory and ventilation adequate. Thereafter there

I was a longer period of one to four days during which

there were feeble respiratory movements, intercostal

I retraction during inspiration, attacks of cyanosis

and /



and pallor, and periods of very shallow and irrog-

jalar breathing. In most cases satisfactory res¬

piration eventually occurred, but a few infants died

in one of the attacks of respiratory failure.

The only other frequent neonatal disease was

local infection of the skin, often with staphylo-

| cocci. This was very common, but seldom gave rise

I to any anxiety.

Neonatal Bypoglycaemia.

There was no clinical evidence of signs of hypo-

glycaemia in the neonatal period. In many cases,

the infants received glucose by intramuscular Injec-

j tion at birth and at intervals thereafter, during
the first two days. This practice may have pre¬

vented hypoglycaemia in some cases. The blood

sugar levels of the infants were estimated at birth

and at intervals during the first two days. The

results of this work will be analysed at a later

date by Dr. J. Farquhar, but the administration of

glucose makes it difficult to determine the true

picture. In almost every case it was found that

the infant's capillary blood sugar at birth was

about 10$ lower than the venous blood sugar of the

mother at the same time. The infant blood sugar

then fell, sometimes to low levels, and eventually

rose /



| rose again several hours after birth. The following
! figures show a typical example. In Case 43, a

71b. 10£oz. baby was born by caesarean section at

the 37th week. The maternal venous blood sugar

was 103mg./100ml. at the time of delivery. The

infant capillary blood sugar at birth was gOmg./100ml.
One hour after birth it had fallen to 42mg./100ial.
and 5f hours after birth it was lO/mg./100ml. It

was thus apparent that the infant blood sugar could

fall to low levels without the appearance of signs

of hypoglycaemia, such as would be expected in an

adult under the same conditions. In Case 60, the
■

| Infant blood sugar fell from igOmg./100ml. at birth

; to 37mg./100ml. in 2 hours. The baby appeared

| quite normal and remained healthy.

In the early stages of the work It was folt

! that the simplest way to give the baby a high blood

sugar at birth was to allow the maternal blood sugar

to rise before delivery. It was soon appreciated

that this did not prevent the fall in Infant blood

sugar and merely increased the gradient of that fall

by providing a higher starting level. It was felt

that this increased, rather than reduced, the risk

of neonatal hypoglycaemia, and thereafter it was the

practice to try to keep the maternal blood sugar

approximately /



approximately lOOmg./100ml. at the time of delivery.

As experience was gained, the impression was formed

i that hypoglycaemia was not a grave danger to the

newborn child, and in the later cases no glucose was

| administered during the early hours of life. This

change in practice did not lead to a single neonatal

i death. It may be of importance that no fall in
■

maternal insulin requirement in late pregnancy

; occurred in the five cases with neonatal death.

This suggests that foetal insulin did not affect

the maternal carbohydrate metabolism in these cases.

Although no conclusive results have been

obtained, the experience suggests that neonatal

hypoglycaemia is uncommon and a rare cause of neo¬

natal death.

Water Retention.

Many of the Infants were ©edematous at birth.
1 This was typified by puffiness of the face, fullness

of the scrotum and a generally bloated appearance.

There was an increased loss of weight in the first

two days of life as the excessive water was voided

in the urine and secreted by the skin in the form

of sweat. The dampness of the skin may have played

a part in the high incidence of skin infection in

the newborn.

Management /
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Management of the Newborn.

The care of the newborn infants was the special;

interest of the paediatrician. In general these
I

children were treated as premature and nursed in the

special rooms set aside for such infants. The

respiratory tract was carefully drained by suction,

and in some cases gastric aspiration was also per¬

formed. The temperature of the room was thermo¬

statically controlled. The infants were placed in

oxygen tents and special precautions were taken to

avoid infections. Wo oral feeds were given until

the infants were considered to be strong enough to

take them, normally on the second or third day.

Glucose was given in some cases by intramuscular

injection of a 25% solution as has been described.

Most important of all, a special nurse was in &ttend<-

ance for the first day. This skilled treatment of

the newborn was of the greatest value and contributed

much to the increased foetal survival in this series.



CAUSES OF FOETAL AHD INFANT DEATH

Because of the importance of foetal death and

the difficulty in finding any relationship Between

the maternal diabetes or obstetrical history and

the occurrence of foetal loss, the cases in which

the foetus failed to survive are analysed briefly

in the following paragraphs.

Abortions•

Two therapeutic abortions were performed. In

the first case the mother had severe diabetes and

was much disabled by the vascular complications of

longstanding diabetes, retinitis being particularly

marked. In the other, the mother was a dwarf

woman who was mentally defective and had unstable

and longstanding diabetes. There was one case

with an ectopic gestation in which it was necessary

to excise the Fallopian tube. This patient had

previously had an ectopic gestation in the other

tube. Three spontaneous abortions occurred. In

two cases there was no obvious cause, though both

the mothers were renowned as difficult and unstable

diabetics. In the third case severe ketosis pre¬

ceded the abortion and may have caused it. The

ketosis /



ketosis was the result of persistent vomiting which

began when the woman found her husband dead in bed.

Intrauterine Deaths.

Case 13. The mother was an unreliable patient

who discharged herself from hospital against advice

at the JSth week. She returned a few days later

after the foetus had died in the uterus. The baby

was delivered in a macerated state and weighed

8lbs. 9°£z. The mother had oedema of the ankles

but no other signs of toxaemia.

Case 20. The mother was a conscientious woman

who had attended well and had no complications

during pregnancy. A macerated foetus weighing

7lbs. 14ozs. was delivered at the 35th week.

Case 31. The foetus was anencephalic and was

delivered at the 33rd week weighing lib. 8oz. In

this case, the congenital anomaly was evidently

the cause of the foetal death. The pregnanediol

excretion was persistently low, but the CG levels

were within the normal range.

Case 36a. The mother was unreliable, a poor

attender at the clinic and left hospital against

advice prior to the Intrauterine death. She

suffered from a mild diabetic nephropathy and

diabetic /



diabetic retinitis. The foetus weighed 6lbs. 2ozs

at the 38th week. Pregnanediol excretion fell in
'

late pregnancy. The CG levels were normal.

Case 40. This patient was first seen only

one month before delivery. She had hydratanios,

pre-eelampsia and diabetic retinitis. She refused

admission to hospital and the intrauterine death

occurred at home. The foetus weighed 6lbs. l^ozs.

when delivered at the 35th week.

Case 4-3. This patient was first recognised

to be diabetic at term after the intrauterine death

had occurred. The infant weighed Bibs. loz. mien

delivered at term.

Case 52. The mother was a careful patient

with full antenatal supervision. She had large

doses of stilboestrol and ethisterone for a long

period. Pregnancy v/as complicated by hydrainnios,

albuminuria and oedema. The foetal death was not

recognised before delivery by caesarean section.

The pathologist estimated that it had occurred

about one week prior to delivery, from the degree

of maceration. Pregnanediol excretion we.s normal
'l.

until 5 days before delivery when a profound fall

was recognised. CG levels were normal throughout.

The foetus weighed 6lbs. Jozs, at the 37th week.

Case 61. /
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.

Case 61. A careful and conscientious patient.

Pregnancy was complicated by bydraxonios and hyper¬

tension. The diabetes was difficult to control,

particularly in early pregnancy. Pregnanediol

excretion fell slightly after the 32nd week. CG

levels were normal. There was no hormone therapy.

The foetus weighed 8lbs. 2ozs. at the 36th week.

Intrauterine death occurred 2 days before the date

arranged for delivery by caesarean section, A

subsequent pregnancy terminated in abortion at the

16th week. (This occurred after the present series

was completed).
Case 62. This patient had uterine haemorrhage

at the 30th week, which continued intermittently

until the death of the foetus and its delivery at

the 36th week. Birth weight was 51bs. 9ozs. The |
pregnancy was also complicated by hypertension and

albuminuria. The pregnanediol excretion fell

after the haemorrhage began. CG levels were not

raised.

Analysis of the cases of intrauterine death

does not reveal any common factor. Congenital

anomaly accounted for one case and antepartum

haemorrhage for another, but the remaining seven

remain unexplained. Maceration of the infants

made /



made autopsy examination of little value and no

cause of death was revealed toy this method. Only

one patient had hormone therapy. The CG levels

were usually normal and falling pregnanediol excre-

tion was not present in every case. Some were

careful mothers and others were not. Some had

evidence of pre-eclampsia and hydraronios and others

did not.

Stillbirths.
!

Case 11A♦ An unreliable woman who paid little

attention to her antenatal care. The diabetes was

badly controlled. Pregnancy was complicated by

hydramnios. A 21b. infant died during delivery

at the JOth week, and the premature infant died

during delivery.
I

Case 21. There was a spontaneous onset of

labour at the 36th week. This was not reported

by the patient until labour was well advanced.

There was a transverse lie, the breech was extracted

and a constriction ring developed before the head

could be delivered. Prompt administration of

chloroform failed to relax the ring and the infant

was asphyxiated before the head could be delivered.

The infant weighed libs, llozs. The CG excretion

was /



was high and the patient received stilboestrol.

The two stillbirths were due to obstetrical

mishaps. In neither case was the child of excess¬

ive size.

heorxafcal Deaths.

Case 18A. An unreliable mother, who had an

intrauterine foetal death in her previous pregnancy

This pregnancy was complicated by hydrasnios. The

urine CG levels ?/ere high, the mean of 6 assays

after the 19th week being 20,768l.U./24hrs. The

mean of 3 serum CG assays after the 24th week was

13,276 I.U./l. Pragnenediol excretion was 53,8mg./
/24hrs. in the 35th week, a fall from 64.5r.g./24hrs

in the 32nd week. Mo hormone therapy was given.

An infant which weighed 51bs. 13ozs. was delivered

by caesarean section in the 36th week, and died

12 hours after delivery. The cause of death was

apparently respiratory failure. There was no

evidence of neonatal hypoglycaemia. The infant

blood sugar was 108mg./100ml. at birth and two

subsequent readings were 98 and 80mg./100ml.
Case 24. A conscientious and careful mother.

Hydremias was the only complication of pregnancy.

The urine CG levels were very high, the mean of 22

readings /



readings after the 19th week being 24,626 I.U./24-hr 3.
The pregnanediol excretion was very variable, but

amounted, to 61, 70 and 40mg./24hrs. in the 35th,

36th and 37th weeks. Stilboestrol was taken during

the latter half of pregnancy. The infant weighed

6lbs. l£ozs. when delivered by caesarean section

at the 37th week. The neonatal death occurred on

the 7th day. The child had been drowsy and made

poor attempts to feed. The cause of death was

pneumonia after inhalation of a portion of a feed

which was administered by oesophageal tube. It

is not thought that hypoglycemia played a. part in

the neonatal death, although the infant's blood

sugar fell from l3omg. /100ml. at birth to 20mg. /lOQjJil.
at 1| hours and rose gradually thereafter.

Case 27. The pregnancy was complicated by

hydramnios and albuminuria. Pregnanediol excretion

was nox-mal, reaching 82.3mg./24hrs. in the 36th
week. Labour was spontaneous in onset, the breech

presented and was extracted and forceps were applied

to the after-coming head. The infant weighed

6l'bs. pozs. at birth in the 36th week of pregnancy.

The neonatal death occurred on the 2nd day and at

autopsy massive bilateral adrenal haemorrhages were

found and considered to be the cause of death.

Infant /



Infant blood sugars did not give evidence of hypo-

glycaemla. Respiration had been very difficult.

Case 45. Uterine haemorrhage began at the

24th weels and continued intermittently until the

JOth week when a 31b. 5°z* baby was delivered but

survived only a few hours. Two previous preg¬

nancies had both terminated in abortion at the

24th week. The cause of the neonatal death was

considered to be prematurity and respiratory fail¬

ure was the actual mode of death.

Case 51. The pregnancy was complicated by

hypertension, hydramnlos and oedema. Hormone

assays y/ere normal and no hormone therapy was given.

The baby weighed 51bs. Ipozs. when delivered by

caesarean section at the 3bth week. The infant

cried well at birth, but soon became apnocic. |
Respiration was restarted with difficulty but

failed again and the neonatal death occurred 3 hours

after birth. The cause of death was respiratory

failure.

Three neonatal deaths were due to obvious

causes, inhalation pneumonia, adrenal haemorrhage

and prematurity. The remaining two were not

adequately explained except in terms of respiratory

failure, though the reason for this failure was not

found. /



found. The significance of hyaline membrane

disease was not appreciated at that time and it

is not known whether the lungs of these infants

contained hyaline membrane. Dr. R.F. Ogilvle

examined the pancreases of the infants of Cases

18a, 21, 24, 27s and 45 and considered that the

islets of Langerhans were excessively large. It

is not considered that this islet hypertrophy was

a cause of neonatal death, because there is no

evidence that these infants died of hypoglycaemia.

Conclusions.

In summary, the analysis of the cases with

foetal death did not show any common causal factor

(see Table 38). Obstetrical abnormality was imp¬

ortant in some cases, prematurity in others and a

lethal congenital defect in one. Seven intra¬

uterine and two neonatal deaths remain unexplained

and are typical of the foetal and neonatal deaths

in diabetic pregnancy, which have been the cause

of so much speculation and which still present

graye problems both with regard to their aetiology

and prevention.



Intrauterine Deaths Anencephalic Foetus 1
Uterine Haemorrhage 1
Unexplained 7

Stillbirths Prematurity 1
Difficult Delivery
causing
Foetal Asphyxia 1

Neonatal Deaths Inhalation Pneumonia 1
Bilateral Adrenal
Haemorrhage 1
Uterine Haemorrhage
and Prematurity 1
Respiratory Failure 2

Table 56.

Causes of foetal and infant death.



DISCUSSION



It is not intended that this section should

deal with till the controversial aspects of the

problem, for many of these have been the subjects

of detailed discussion in earlier pages. Rather,

it is hoped to present a broad view of the situa¬

tion and to discuss the significance of the series

reported in this thesis in relation to the work of

others.

The review of the literature has made it quite

clear that the raised foetal mortality rate remains

the outstanding problem in diabetic pregnancy. The

causes of this foetal loss are unknown despite a

continuous search for factors which might have a

particular association with the cases in which the

foetus fails to survive. This search has been

conducted by workers in many parts of the world

during the past one hundred years and has, on the

whole, been barren. There is general agreement

that congenital defects of the foetus are a little

more common in diabetic pregnancy and account for

a small proportion of foetal deaths. In the same I
way birth injury of large babies was an obvious

cause of some mishaps, until these were avoided by

early delivery and caesarean section. In contrast

to /
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to the agreement on these two minor points, there

has been much controversy about the importance of

maternal ketosis, pre-eclampsia, hydramnios and the

vascular complications of diabetes. Each of these

factors has been assigned a major role in the caus-

ation of foetal death by some workers, only to be

exonerated by others, and it can be concluded that

no single factor is known to be responsible for,

or even associated with, the majority of foetal

deaths.

Against this backcloth of patient but unfruit¬

ful collection and analysis of data there have

appeared at intervals striking diversions in the

shape of new hypotheses, which have attracted much

attention. The discovery that pre-diabetic women,

whose carbohydrate metabolism is apparently normal,

share the unfortunate obstetric experiences of

diabetics has been confirmed so often that it is

now widely accepted. The chief importance of this

discovery in connection with diabetic pregnancy has

been the demonstration that the hypoglycaemia of

the diabetic woman is not the cause of the foetal

overgrowth or the high foetal mortality.

The hormonal imbalance hypothesis of the

Smiths and its therapeutic application by White

raised / !
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raised not only great interest but fervent hopes,

because it seemed that the obscure and complex

interpretation of laboratory work had been vindic¬

ated by success of the most practical nature, a

reduction in the foetal mortality rate. The hopes

have gradually faded since the fundamental findings

of the Smiths have received only limited support

from other workers. Although some have claimed

that hormone therapy increases the foetal survival,

others have found it useless and White's results

have remained unique.

The gradual development of our knowledge of

the role of the maternal anterior pituitary, though

less dramatic, is of great interest and probably of

more permanent value. In brief, it is considered

that the maternal pituitary secretes an excessive

amount of growth hormone (sorna to trophin) for many

years before the onset of diabetes. In the pre-

-diabetic period this oversecretion is accompanied

by the production of large quantities of insulin.

Growth, taking the forms of maternal obesity ana

foetal gigantism, is the result of this pancreatic

response to the excessive somatotrophin. In this

context the recent demonstration that insulin can

promote growth in hypophysectoiaised rats (Salter
and /



and Best, 1953) is of particular interest. Even¬

tually, the pancreatic islets Become exhausted and

diabetes develops when the supply of insulin no

longer keeps pace with the secretion of somato-

trophin. Treatment of the diabetes with insulin

restores the balance and both hormones are again

present in relatively large amounts. This is

undoubtedly a very simple version of the complex

relationship of the pituitary and pancreatic

hormones, but there is much circumstantial evidence

to support such an hypothesis. It is to be noted

that this hypothesis does riot afford an adequate

explanation for the high foetal mortality, but

since anterior pituitary overactivity is the only

endocrine abnormality which is considered to be

common to both the pre-diabetic and diabetic states,

it is reasonable to believe that it may be connected

in some way with the foetal loss which is also

common to both conditions.

The present lack of satisfactory methods for

the assay of somatotrophin and insulin in the blood

precludes studies which might go far to prove the

validity of this hypothesis, and the development of

such assays is eagerly awaited. In the meantime,

it might be possible to obtain valuable indirect

evidence /
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evidence by careful metabolic studies of diabetic

and pre-diabetic pregnant women with special ref¬

erence to nitrogen retention.

Jackson (1952) performed a useful service by

questioning the tacit assumption that the fate of

the foetus was the responsibility of the mother

alone. His finding that a proportion of the
,

children of pre-diabetic fathers had birth weights

in excess of lOlbs. is of much interest, as it

lends support to the suggestion of Kriss and Futcheb

(I948) that the foetus might inherit a factor from

either parent, which rendered it unduly susceptible

to a growth-promoting stimulus, even if that stim¬

ulus were of normal degree. The diabetic fathers

who were studied in Edinburgh had children with

only half the incidence of excessive birth weight

reported by Jackson (1952), but the significance of

this finding must remain in doubt until the study

of a control series of non-diabetic fathers is

completed. No evidence lias been produced to

suggest that the mortality rate of the children of

diabetic fathers is high. It is to be hoped that

the influence of diabetic paternity will be studied

in other centres.

The analysis of data collected in the series

of /



of 77 diabetic pregnancies in Edinburgh has not

revealed any new factor which is particularly

associated with foetal loss. The sole positive

finding was the demonstration of a correlation

between the adequacy of antenatal supervision, both

by duration and frequency, and the foetal survival

rate. This is of value because a detailed anal¬

ysis supports the clinical impressions of other

workers, that meticulous antenatal care improves

the prospects of the foetus, but it does not con¬

tribute to our understanding of the cause of foetal

loss, which remains high despite the best of ante¬

natal care. The inability to find any cause of

foetal death in nine out of sixteen cases further

emphasises our ignorance, though it is notoriously

difficult to explain intrauterine deaths quite

apart from diabetic pregnancy.

The hormone assays in these cases comprise the

largest and most detailed attempt (apart- from the

work of the Smiths and White) to evaluate the imp¬

ortance of such studies in diabetic pregnancy.

The number of cases is relatively small but many

assays were performed and the majority of the cases!
were carefully studied for many weeks. The methods

differ from those used in Boston, but they were

adopted /



adopted because they were considered to be superior;.

The only points at which the results supported those

of the workers in Boston were the finding of a high

level of CG in the blood and urine of a small pro¬

portion of cases, and the slightly lower mean

figure for pregnanediol excretion in late pregnancy

in the patients'whose infants did not survive. It

was impossible to correlate the high CG levels with

decreased pregnanediol excretion, pre-eclampsia or

foetal death, and it was considered that a fall in

urinary pregnanediol was often an intimation that

some disaster had already occurred rather than a

warning of its approach. Stilboestrol therapy had

only a temporary effect on CG excretion and no

apparent influence on that of pregnanediol.

The experience with hormone therapy was limited,

but it showed no evidence to support White's claims

of its value. It is true that the form of therapy

was not exactly the same as that recommended by

White, but it is difficult to believe that stil¬

boestrol in large doses is any less effective when

given try mouth than by intramuscular injection.

These studies do not support the view that

hormonal Imbalance is of any prognostic significance

with regard to the fate of the foetus or the immin¬

ence of pre-eclampsia. Hormone assays should not

form /



form a part of the routine clinical programme for
|

the management of diabetic pregnancy. Nor in the

light of present knowledge is there any justific¬

ation for therapy with oestrogens and progesterone.|
V/hile the causes of foetal death remain obscure,

the best chance of foetal survival is obtained when
.

the patients are managed by a team with a special

interest in the subject. This team should work

in harmony and should be able to offer full and

meticulous antenatal supervision of both the preg- j
nancy and the diabetes. The babies should be

delivered some three or four weeks before terra, in

order to avoid intrauterine death; and caesarean

section should, be available for all primiparous

women and those who have had a previous section or

who have had a difficult vaginal delivery. Induc¬

tion of labour is a satisfactory procedure in women

who have demonstrated their ability to deliver a

normal sized baby by the vaginal route. The time

and method of delivery should be arranged to suit

the circumstances in each individual case and there

is no justification for "routine" methods. Finally;

when a live child is obtained it should receive the!

most scrupulous supervision and care, as designed

for premature infants, during the neonatal period.



SUMMARY



REVIEW OF THE LITERATURE

1. Pre-insulin Era: Diabetic pregnancy was

very rare because young diabetic women were relative¬

ly few, lived for only a few years and were often

infertile. Diabetic coma was a common cause of

maternal death and there was a high foetal mortal¬

ity rate.

2. Earlvf Insulin Era: Insulin immediately

improved the maternal prognosis, making diabetic

coma an avoidable complication. There was no

comparable improvement in foetal prognosis.

3* Development of the Modern Situation: Diab¬

etic pregnancy is much more common because there are

many more diabetic women and the individual patient

is more fertile and lives longer. Maternal mortal¬

ity is now low, but the foetal mortality rate is

still greatly in excess of normal.

4. Spontaneous Abortion is probably a little

more common in diabetics and may be related to

inadequate control of the disease.

5. Diabetes is not an indication for theraoeuti,
abortion, but severe retinitis or nephropathy may

justify such a course.

u. Intrauterine death, stillbirth and neonatal

death all contribute to the raised foetal mortality

rate. /



rate.

7. The occasional difficulty in the diagnosis

of diabetes in pregnancy is discussed.

8. The onset of diabetes in pregnancy is not

uncommon and pregnancy seems to be an inciting

factor in the aetiology of diabetes,
|

9. The insulin requirement commonly rises
I "

during pregnancy and falls at delivery and in the

puerperium. Pregnancy does not cause a permanent

increase in insulin requirement. The importance

of insulin production in the foetal pancreas in

relation to maternal diabetes is discounted.
r.

10. A fall in the renal threshold for glucose

is common during pregnancy and hetosis arises from

this and other causes.
-

11. There is little evidence that pregnancy

aggravates the vascular coxa-plications of longstanding

diabetes.

12. Pre-eclampsia. hvdramnios. spontaneous

premature labour and uterine inertia are all more

common in diabetic pregnaney, but their causes are

unknown.

15- Lactation is frequently inadequate and the

reasons for this are discussed.

14. /
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14. Pre—diabetic worsen have a high foetal loss j
and bear large babies, for many years before the

onset of diabetes. It has been suggested that

pre-diabetic fathers also have big babies. The

significance of these findings is discussed in

detail.

15. The infants of pre-diabetic and diabetic

woman have certain pathological features. These

include excessive body weight and length, splanchno-

megaly, islet hypertrophy, and hyaline membrane

disease of the lungs. They also have a raised

incidence of congenital anomalies.

16. The hereditary aspects of diabetes are

discussed. The risk of inheritance of diabetes is

acceptable if the disease is confined to one side

of the family.

17- The causes of foetal mortality and morbid¬

ity are discussed. Congenital defects and birth

injury of large babies are minor causes which are

universally recognised. There is mneh disagreement

about the significance of toxaemia, hydremias,

ketosis and longstanding diabetes. Maternal hyper-

glycaemia is not considered to be of importance.

18, The hormonal imbalance hypothesis of the
.

Smiths and its therapeutic application by White are

discussed /



discussed in detail. The experience of other

workers in this field is analysed to show the very j
limited support for the hypothesis and its applic¬

ation. The arguments against the hypothesis are

examined.

19. The importance of the production of

somatotrophin by the maternal anterior pituitary

is reviewed and it is concluded that this may

account for the foetal gigantism, but there is no

direct evidence to suggest that it is responsible

for the foetal loss.

20. Neonatal hyperinsulinism and hvpoglvcaemia

are not considered to be important causes of death.

Respiratory failure, possibly in association with !

hyaline membrane disease, is thought to be a more

plausible explanation for the death of the newborn

child.

21. The management of diabetic pregnancy is

reviewed, and the importance of adequate antenatal

and neonatal care is stressed. Early delivery to

avoid intrauterine death is widely practised and

the relative merits of eaesarean section and induc¬

tion of labour are compared.



OBSERVATIONS ON A SERIES OF

77 DIABETIC PREGNANCIES

1. A series of 77 consecutive diabetic preg¬

nancies was studied in Edinburgh by a team of

workers. The details of the management of these

cases are described. There was no raaternal mort-

ality and the overall foetal loss was 28.6$. The

foetal and neonatal mortality rate in viable preg¬

nancies only was 22.5$. These figures show a

marked improvement on the overall foetal loss rate

of 51*4$ in. the previous 70 pregnancies.

2. The pre-diabetic obstetric history of 64

women showed a high incidence of the birth of big

babies and a high foetal loss. A series of

diabetic fathers had children with an incidence of

7$ with birth weights in excess of lOlbs. but a

normal foetal loss.

3' The diagnosis of diabetes is discussed and

details are given of a case in which temporary

diabetes was observed in two pregnancies before the

disease became permanent during a third.

4. The treatment of diabetes in pregnancy is

described and the effects of pregnancy upon the

diabetes are illustrated.

5- /



5- The duration, severity and decree of control
of the maternal diabetes are correlated with the

foetal loss and it is concluded that none of these

factors is of importance as a cause of foetal death.

6. Ketosis, hypoglycaemia and the vascular

complications of diabetes occurred in a number of

cases but could not be shown to have any importance

in connection with foetal loss.

Diabetic retinitis .and nephropathy were

aggravated by pregnancy in only one case.

7. Maternal age, body weight and parity did

not show any positive correlation with foetal loss.

8- Hydrasmios and toxaemia were common but not

particularly associated with foetal death. Tox¬

aemia was usually mild, possibly because it was

treated early.

9. The foetal survival was greater in the

cases which were most fully supervised in the ante¬

natal period.

10. The various methods of delivery are com-

pared. Caesarean section and induction of labour

in suitable cases both gave good results from the

point of vie?/ of foetal survival, though caesarean

section was followed by a raised incidence of

maternal morbidity. Spontaneous onset of labour

with /



with vaginal delivery was associated with a raised

foetal mortality.

11. The problems of the puernerium are dis¬

cussed, with particular reference to the danger of

hypoglycaemia and the lack of successful breast

feeding.

12. The results of GG and pregnanediol assays

are analysed and it is shown that high levels of

CG were found in a proportion of patients, and that

the mean excretion of pregnanediol in late pregnancy-

was a little lower in the cases with foetal loss.

No other correlation was found between the hormone

levels and foetal loss or toxaemia.

15• Therapy with stilboestrol and progesterone

or ethisterone did not increase foetal survival.

Stilboestrol caused an evanescent fall in CG excre¬

tion but had no apparent effect on pregnanediol

excretion.

14. The infants of the diabetic mothers are

described. There was one case with a lethal con¬

genital defect, anencephaly. The birth weights of

the infants were high for their gestational age.

There was no evidence that neonatal hypoglycaemia

was an important factor. The management of the

newborn children is discussed.

15. /



15. Case summaries are given for the patients

with foetal loss. The causes of death are men¬

tioned and it is emphasised that no cause could be

found for the deaths of nine infants.


