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Gangrene and diabetes are both extremely rare in the first few weeks of
life. Still more unusual are the cure of the gangrene and the complete dis-
appearance of the diabetes. We propose in this paper first to place on record
and discuss such a case, and secondly to review the recorded cases of diabetes
in children under one year of age.

Report of authors' case.

The clinical record of our case is as follows:
A female infant of 18 days was admitted to 1ing's College Hospital on 12th March, 1931,

under Dr. StiIL Four bluish-black patches were present in different parts of the skdn and the
child was obviously extremely iIL

She was the first child of healthy parents, born at full time after a normal labour in which
instruments were used. Her birth weight was 7 lb. 14 oz. She was breast fed every three hours,
but took rather little milk. The stools were somewhat more green than normal, but the child
seemed to be perfectly well and, when the nurse left at the 12th day, had regained exactly her
birth weight.

On the 15th day a black patch was noticed on the flexor aspect of the right wrist, and that
night and the next the child slept poorly and was disinclined for food, but seemed otherwise
well. On the 17th evening a black mark was seen on the dorsum of the left ankle, and next day
two other blue patche3 were noticed, one extensive on the right hip. The child was brought to
hospital and admitted in the early evening.

On admission her temperature was 968', pulse 160, and respirations 44 per minute. The
child looked wasted, the skin was loose and inelastic, the weight only 5 lb. 7 oz., so that a rapid
loss had taken place in a few days. On the right hip, just over the trochanter, was a large round
purple-black patch (5 bv 4-5 cm.) with a dark red margin, neither raised nor very indurated.
There were smaller similar oblong patches on the right wrist and left ankle. Nothing abnormal
was found on general examination elsewhere, although the child was evidently extremely ill.

The child was fed every 24 hours on Nestle's milk (1 part in 10 water) with lactose added,
so that the diet contained 18-20 grm. carbohydrate per day. Brandy, 2 minims, was added to
alternate feeds.
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344 ARCHIVES OF DISEASE IN CHILDHOOD

13th March. A fresh blue patch (2 by 2 cm.) appeared on the other hip just over
the trochanter. It was clear that the gangrenous area over each trochanter had developed at
pressure points, and the black areas on the wrist and ankle were probably also subjected to
pressure as the child lay with its limbs folded over each other. Temperature was 98-99::,
pulse 160 and respirations 44 per minute. The child seemed desperately iUl although she took
her feeds. The brandy was omitted and sherry whey given as alternate feeds to the NestWs

FIG. 1. 20th March. *;an-iTnous area just breaking down.

F

FIG. 2. 16th Julv. Gangrenous area completely healed for 6 week-s. Note the
increased fatness.

mixture. The stools were dark with undigested curd. No diagnosis was made, but 10 c.cm. of
polvvalent antistreptococcal serum were given.

Late that night the first specimen of urine was obtained and found to be loaded with sugar,
but to contain no acetone bodies.

14th March. The urine from the preceding night was found to contain 42 per cent. of
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I\FA-N'\TILE DIABETES WITH GCT.NGRENE4E

sugar, no ketone bodies, but on boiling a heav-y cloud of albumin. Microscopically a few
leucocvtes, but no red blood corpuscles or casts were detected. The blood-sugar w-as approxi-
mately 0-6 per cent. As these tests demonstrated diabetes, insulin, 1 unit everv 4 hours, was
commenced and the same diet continued. The child seemed much w-eaker with a pulse of 166
(approximately) and a temperature of 100- F.

lth Mlarch. Qualitatively the urine contained less. but still considerable amounts of
sugar. On account of the gangrenous areas. it was considered inadvisable to hold the child over
a vessel to obtain specimens and it was extremely difficult to collect more than a fewi drops of
urine to test for sugar. One unit of insulin was continued four-hourly and the same feeding.
The general condition seemed desperate. The temperature rose to 103-. the pulse rate remained
about 160, but the respirations at times rose to 80 per minute. Frequent jerking nvstagmoid
movements of the eyes to the right were observed, but the fundi appeared normal. The patches
on both hips were now definitely gan-flrenous. of a dull dark slate colour with red inflammatory
edges, the whole area feeling brawny.

16th March. The urine still contained a large amount of albumin but only a trace of
suzar (about 0-2 per cent.),and a few white blood corpuscles and granular casts with many
oxalate crystals were observed in the deposit. Insulin was reduced to half a unit four-hourly.
The baby's respirations were steadier and the nvstagmoid movements less obvious. The child
was so weak that it had to be fed by a pipette every hour.

17th March. The sugar in the urine was reduced to the merest traces and accordingly
insulin was reduced to '-unit morning and evening. The child was extremely feeble. but no
further extension of the gangrenous areas had taken place.

18th March. As the reducing substance in the urine still amounted to only the merest
trace, '-unit of insulin was given in the morning. This was the last dose the child received.
It was thought that the slight trace of - gly,osuria ' might be lactose, which was being added
to the feeds. Sufficient urine to test this was never obtained. As no more than traces of sugar '

appeared subsequently in the urine. further insulin was deemed unnecessary.
19-28th March. The temperature gradually fell from 103- to 100' in this period, and the

child slowly improved and gained 3 oz. The gangrenous areas on both hips siow-lv separated
and weak wet eusol dressings were substituted for powder. The last trac-e of reducing substance
disappeared from the urine on the 21st March and never appeared again. Mlinute traces of
protein were excreted for another fortnight. The diet was changed to a Cow and Gate milk
feed suitable for a normal child of its age.

Normal diet was continued and at the end of May the child was discharged apparently
normal in every respect and gaining 4 oz. a week. A dose of glucose (1 I grm. per kgrm. of weight)
was substituted for an ordinarv feed and no glvcosuria resulted. By the end of June the largest
gangrenous area had completely healed. the urine was entirelv normal, and the blood-sugar
concentration 1 hour after a feed was 0-0X8 per cent., a low normal figure.

Figures 1 and 2 are from photographs of the largest gangrenous area before and after healing.

StrsiAY.-An infant who had previously made normal progress developed four black
skin areas, two frankly gangrenous. between the 15th and 18th days after birth. At the same
time an acute and severe form of diabetes developed and no general infection or disease of the
central nervous svstem was discovered to account for the hvperglycwmia. The diabetes
responded to insulin treatment, rapidlv disappeared. and remained absent when the insulin was
discontinued. The gangrene healed slowlv in 1 weeks. The child was discharged from hospital
normal in every way.

Case records of infantile diabetes.

Cases of diabetes in infants under twelve months are very rare and the
recorded cases have never been collected or discussed in the British literature.
In 1913 KnoX!2 searched the medical records from 1852 to 1913 and published

C
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.A6ARCHIVES OF DISEASE IN CHILDHOOD

in America 16 cases (including one of his own) which appeared to him to be
examples of true diabetes mellitus. He dismissed 11 others which had been
reported as diabetic. because the evidence was not conclusive. Since then
no complete collection of cases has been made in the literature of any countrv.

Within the last decade our knowledge of diabetes has been extended and
the criteria of diagnosis have become more exacting. Besides glvcosuria,
hyperglycaemia and ketonuria (whether absent or present) are now considered
essential details of any records of adult diabetes. These are still frequently
unavailable or omitted in records of infantile diabetes, and the diagnosis often
rests on symptomatelogy and the presence of glycosuria. These latter, if very
definite, may be accepted as clearly establishing the diagnosis, especially if
the usual fatal issue is recorded and no other cause of death is found.

In our critical review of the literature we have accepted infantile diabetes
as proven in cases:

1. Where definite wasting, tbirst, polyuria and preferably ketonuria
were present, accompanied by a heavy glycosuria (over 2 per cent.), whether
the reducing substance was actually proved to be glucose or not, even if hyper-
glyctemia was not established; or

2. Where, if the symptoms and glycosuria were slight, definite and
recurrent hyperglvcaemia (over 0-2 per cent.) was established.

We have classed as non-diabetic:-
1. Cases which show only one or two symptoms suggestive of diabetes,

in which the glvcosuria was onlv slight and might be due either to lactosuria
(not infrequent in infaDts) or to renal glycosuria, a low renal threshold, which
is as common in children as in adults in our experience; and

2. Cases in Group 2 above in which hyperglyeamia is present, but in
which it is never excessive (i.e., under 03 per cent.), and which may be
explained by temporary infection or disease of the central nervous system,
such as trauma, tuberculous meningitis or hvdrocephalus (Harrisonl3).

Adopting the above criteria, we give a short description of all the cases
so far recorded arranged in chronological order. Some doubtful cases are
mentioned: these not described fully and are marked with an asterisk.
General features are discussed later.

Ha&nerU (180) reported the first authentic case in an infant of 11 months. The child
became thin and thirsty and passed 7 to 9 litres of ' sweet urine ' per day. It died in coma
one month later.

KitselleL9 (1852) recorded another case soon after. A male child (his own son) plump and
strong at birth, developed a few days later symptoms of diabetes. 'Honeyed' napkins were
first noted, then polvuria with sugar was found on the 14th day. The child was restless. thirstv,
hungry, and dry skin and extreme emawiation developed. It survived for 6 months, a living
skeleton, being fed on breast milk, bread and water and semmel tea. The urinary tract then
became infected and the child died. No mention is made of hereditary or causal factors.

Rosbachal (1874) described a female child of 7 months, previously healthy, who had a severe
fall on the head, followed by convulsions and unconsciousness. A month later thirst. polvuria.
furunculosis and wasting became obvious. The glycosuria varied from 2 to 10 per cent. and,
although feeding with broths, cream and diluted milk diminished the sugar, she died in extreme
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INFAN-TILE DLAJETES WITH GANGRENE

emaciation 3 months after the accident. No family historv is recorded and, although a post-
mortem examination was made, the pancreas was not examined. This is not surprising as the
connection between the pancreas and diabetes was only discovered in 1889.

Busch" (1876) records a case under a year' who became restless, thin, and very thirsty.
A glveosuria of 5 per cent. was discovered, and the child died in coma 23 days later.

Hagenbach12 (1879) reports the case of a male infant who developed thirst and polvuria
at 8 months. At 10 months a heavy glycosuria was found and hvdrocephalus noticed. He was
fed with milk, dosed with salicvlic acid, and died 11 months later. At autopsy gangrene of
lungs, tuberculous pleurisv on the right side, and cedema of the pia mater with chronic internal
hydrocephalus were found.

*Garnerus11 (1884) published the case of a male child entitled, *Cure of Diabetes Mellitus
and Insipidus in an Infant.' Polyuria (sp. gr. 1008-10) was noted almost from birth and some
sugar (? glucose) found at the 2nd month. The sugar disappeared later, but polvuria (sp. gr. 1000)
remained. We do not consider even temporary diabetes proven in this case.

Nichues31 (1891) records that a male infant of 3 months, whose grandfather died of diabetes,
developed abscesses and polvuria. 3 per cent. of sugar was found in the urine and the child
soon died.

Tavaria37 (1893) reports a case of a Parsee child (sex unstated) who, previously in perfect
health, fell out of its cradle at 10 months, but sustained no visible injuries. It became restless,
and developed a fever of 103', for which no cause was found. It passed urine 2-3 times per
hour, was very thirsty and crowds of flies were noticed round the napkins. A large amount of
sug,ar was found ('about one-third '), and the child became very weak, but not emaciated.
Two weeks later it developed pneumonia and died in coma. The author blames a nervous
cause' as responsible.

Bell5 (1896) was called to attend a well-nourished male child of 3 months, who had developed
thirst and genital irritation one month before. He found much sugar in the urine and eczema
of the thighs. Nutrition was good and constipation absent. The baby was fed on its mother's
milk (she being put on a diabetic diet!) and given unlimited skimmed milk and water for its
excessive thirst. It died in coma 4 days later and the post-mortem examination showed nothing
abnormal macroscopically. The father's aunt had died of diabetes.

*Baume14 (1900) reports that a female infant with no diabetic familv history developed at
6 months cedema, itching, hunger and polyuria ('urine like water,' sp. gr. not stated). Traces
of 'sugar,' never more than 0150 per cent. were found in the urine, but the reducing substance
was never proved to be glucose. The child continued breast feeding, received a few medicaments
(including extract of lily of the vaLeyv!) and the cedema and glycosuria disappeared in 6 weeks.
Whether the polyuria and thirst disappeared simultaneously is not mentioned. To our mind no
proof of diabetes mellitus is given in these records.

Orloff32 (1901) records a case of a male of 5 months who developed restlessness, thirst,
polyuria, boils and a sacral sore. Glucose was found in his urine and the polyuria was excessive.
He wasted rapidly and died in a few days. Hydrocephalus, especially of the lateral ventricles,
was found and also bronchopneumonia and acute enteritis.

Young" (190-2) describes a male foundling of 6 months whose illness began with vomiting,
dryness of the skin, emaciation, enlarged kidneys and liver. 5 per cent. of sugar, albumin, and
a few casts were found in the urine. He was given pasteurized milk and codein which had no
effect. He lived one month and died of pneumonia. Post-mortem the kidneys were twice
the normal size, the cortex indurated, the parenchyma inflamed and also the mucous membrane
of the bladder. The liver also was enlarged, but nothing else abnormal was discovered.

Langstein24 (1909) describes three cases:
*1. A six months' child with severe chronic hydrocephalus developed a glycoguria varying

from 0-1 to 1 per cent., irrespective of diet, but showed no svmptoms of diabetes. At death
extreme hydrocephalus and thinning of brain were confirmed.

*2. An anencephalic child showed 0-5-1 per cent. of sugar in the urine from the 7th to 10th
day, when it died. It had no diabetic symptoms.

c 2
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348 ARCHIVES OF DISEASE IN CHILDHOOD

3. A male child of 8 months developed symptoms of diabetes, drv skin, thirst, hunger.
loss of weight. There was no family history of diabetes, but the child had been overfed from the
sixth month with large excess of sugar and milk, receiving about 2400 grm. carbohvdrate per day.
He was put on a milkl mixture containing 40 grm. carbohydrate and excreted 10-6 per cent. of
sugar, but no acetone (total excretion not stated). He was then fed on a sugar-free' milk
containing only 8 grm. carbohvdrate, and excreted 8 grm. of glucose per dav. On this diet a
heavy ketosis and early signs of coma appeared which cleared up with sodium bicarbonate and
two 'oatmeal davy.' Later the diet consisted of sugar-free ' milk, whey, some oatmeal and
broth and spinach (quantities not stated) on which the glvcosuria disappeared. When this diet
was increased, sugar reappeared in the umine. On this restricted diet the weight and clinical
condition remained stationary for some months, but the ultimate fate of the child is not mentioned.

Lauritzen2 (1910) mentions a boy of 8 months with large amounts of sugar and ketone
bodies in his urine who died in coma 3 months later.

Eaton and Woods' (1911) describe their case in a healthy breast-fed baby weighing 161 lb.
at 6 months. The parents were normal, but one grandmother had died of diabetes. Deliverv
was instrumental and the baby suffered a large superficial cut over the left eve, but the head
seemed normal later and the baby made exc-ellent progress until the 6th month. Then one
toe became red and swollen and a vesicle developed on it and a week later a toe of the other foot
became the same. Next thirst, wasting and sticky napkins were notic-ed, and 6-10 per cent. of
sugar and 'acetone but no diacetic acid' were found in the urine. The baby was fed on breast
milk and given 'trypsogen' which was not found beneficial; later washed cream and beef-juice
were given. Glyeosuria was always present, but Knox states that the child lived for two years
longer.

*Cuno-o (1911). A 1. day old marasmic child (weight 2,800 grm.) was found to have 0-3
per cent. glyeosuria. It died in a week from bronchopneumonia and post mortem had an ab-
normally small pancreas (1-3 grm.) showing cirrhotic changes which he considered congenital.
Not a clear ease of diabetes.

Knox" (1913) deseribes his case in an 8 months' female child in considerable detail. There
was no family history of diabetes and the baby was fairly healthy till j months and the urine
was known to be sugar free, as it had been examined occasionally for previous slight pvuria.
After some slight digestive upset, she received for a time a large amount of malt soup (10 per
cent.) in her milk. This was stopped and the child did well for another month, when loss of
weight, dry skin and a fruity odour in the breath led to the discovery of 5 per cent. of glucose
and some ac-etone in the urine. Slight fever (99-100 ) was present for a few days. Eiweiss
milk-cream' mixture was given, whereupon the glycosuria diminished to 1.5 and later to 0-6 per
cent., but in about a week drowsiness, nausea and air hunger developed and, in spite of treatment
by bicarbonate and fluids, she died in coma with a rising temperature and bronchopneumonia.
The post-mortem reports on the pancreas are given later.

Kochmann2l (1922) described the first child (birth weight 2,500 grm.) of healthy parents
who at 41 months became very thin and tired and developed intertrigo. Sugar (5-9 per cent.)
was found in the urine, but no acetone. On reduced diet the sugar fell to 1-2 per cent. At that
time the blood sugar fasting was 0-095, but rose after food to 0-387 per cent. Just before death
the fasting blood sugar was 0444 per cent. This is the first case of infantile diabetes in which
determinations of blood sugar were made. On special diet there were only traces of sugar in the
urine. When taking the average amount of milk for its age, the child put on weight, but excreted
more sugar. An oatmeal cure" had also this effect. At 61 months it developed fever and died
in coma from confluent haemorrhagic bronchopneumonia. The autopsy is described later.

Ashby3 (1923). A child of 5 months developed slight pyelltis and fever. The urine does
not seem to have been tested for sugar at this time, but soon gangrene of two toes developed and
then glycosuria was found. The child died some weeks later and was almost comatose 3 days
before death.

Mfajor and Ciurran28 (1913) describe the ca-e of a male child of 11 months. who was admitted
to hospital for glycosuria of I month's duration. The blood sugar varied betw-een 0-094 and 0-2'22'
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INFA\N-TILE DIABETES W1-ITH GANGRENE

per cent. A family history of diabetes was negative. A diet of whole milk, vegetables and cod
liver oil was given and insulin 6-10 units per day. Cataracts had already developed in both
lenses, which were extracted and found not to be congenital. One year later the insulin was
stopped. but gklcosuria returned. 2 to 3 units a day were found necessary. We do not know
the further history. but presumably the child's condition required the continued use of insulin.

Schippers"5 (192.3). A girl of 8 months old, the 3rd child of healthy parents. developed a
temperature of 102-; 9-1 pei cent. of sugar and much acetone were found in the urine as well as
protein, casts and white blood corpuscles. Insulin. 3 units, b.d., was given. The temperature
became normal in .3 davs and the casts disappeared. A typical day's food consisted of milk
200 grm., cream 50 grm.. butter 3-7 grm., potato 100 grm., vegetable 100 grm.. apple 150 grm.

46 grm. carbohvdrate. 17 garm. protein and .34 garm. fat). She progressed for many months on
8 or 9 units of insulin b.d. Suddenlv at the age of 2 years 2 months she became ill, vomited and
could not be fed. Insulin and carbohydrate were given as much as possible, but she died in coma
2 days later.

De Lange8 reports the autopsy on this case which we shall deal with later.

Arndt and Welcher2(1926) describe a case of considerable interest in a child of 3 months with
no diabetic heredity. It weighed 2,000 grm. at birth and gained on the breast for 4 weeks,
although passing 4 or 3 loose motions a day. At 10 weeks it seemed weak and tired and on
admission to hospital was pale and very poorlv nourished, with (edema of the evelids and over
the tibii. The phvsical examination revealed nothing else abnormal. The urine was strongly
positive to Trommer's test, but otherwise normal. The blood count showed a secondary anamia;
red blood corpuscles. 2.370,000 per c.mm., Hb. 38 per cent. The child took its food well (8-900
grm. of mother's milk) and the weight and cedema remained constant. The urine (sp. gr. 1,005)
contained 0-8 to 1 per cent. glucose. but no acetone; and the motions, 4-6 a day, were loose,
clear gold colour, contained mucus, but were not 'shiny'. The fasting blood sugar was -257,
and 1 and 2 hours after food it was -273 and -299 per cent. respectivelv, clearly diabetic. No
symptoms of diabetes were present. The Wassermann test was negative. No change occurred
during 7 days in the clinic until 4 units of insulin were given. No definite signs of hvpoglvciemia
were observed, but 10 hours later the edema increased and death occurred from heart failure.

The autopsy (details given later)showed much greater defect in the alveolar than islet tissue,
and we presume that this as well as the diabetes contributed to the marasmus.

Ramsey33 (1927) describes the case of a full term male. delivered naturally, who had a familv
history of diabetes, but 5 brothers and sisters alive and well. The birth weight was 2.200
grm., at 18 days 2,2200 grm., and at 4 weeks 2,085 grm. Then the child developed slight fever,
catarrh of the upper respiratory tract, polvdipsia, polvphagia and polyuria, and was found to
have a heavy glh-osuria. In hospitJ he lost ground on breast milk and protein milk (140 cal.
per kgrm.) and '-unit of insulin (? how often) made him sugar-free on the 4th day. The insulin
was discontinued twice. but on each occasion sugar reappeared in the urine. The blood sugar
was 0-223 per cent. but the time relation of this test to food is not stated. Finally, after 18 days
insulin he kept sugar-free on whole lactic milk. When syrup was added, sugar returned with a
blood sugar of 0-263. which fell to 0-7.50 per cent. on omission of the syup. He was discharged
from hospital in 6 weeks on 600 c.cm. whole acid milk (120 cal per kgrm.) and remained sugar-free
except when svrup was given experimentallv 3 and 6 weeks later. At 7 months he was in excel-
lent health(wt.= ,900 grm.).and the urine was sugar-free on a diet of whole milk, cream of wheat,
vegetables. orange juice and cod liver oil practically normal.

By the courtesy- of Dr. F. G. Hedenstrom. of St. Paul. Minnesota. we are able to give details
of the child at 4 years of age. A blood-sugar curve with glucose (amount not stated) gave the
following completely normal results

Fasting. ... ... 0-060 per cent.
After 1 hour ... ... ... ... 0-095

2,2 hours ......... ... 0-082
,3 ,, ... .. ... . 0-077 ,,
,, 4 ,, ... ... ... 0-074
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ARCHIVES OF DISEASE IN CHILDHOOD

We gather that the child is perfectly well on a normal diet. Dr. Hedenstrom particularly
states that polyphagia and polydipsia were present before the initial catarrh, so that the diabetes
was not caused, but only accentuated, by this infection. In this case the presence of true diabetes
with subsequent recovery is clearly established.

Lenstrup$' (1928) mentions a child of 11 months doing well on insulin, but gives no details.
Morton' (1928) reports the case of a male child of 12 months whose paternal grandfather

had diabetic gangrene. The infant had gained rapidly till the 12th month, when it became
fretful, lost weight and developed hunger, thirst and polyuria. The urine was loaded with
sugar and diacetic acid. It was given 12 units of insulin, b.d., with a diet equivalent to 74 grm.
glucose and 62 grm. fatty acids, and soon developed symptoms of insulin overdosage. A month
later 6 units of insulin, b.d., controlled the diabetes on a diet of 28 grm. carbohydrate, 27 grm.
protein and 56 grm. fat. At 2 years the child weighed 25 lb. and less insulin was needed to
keep it well and practically aglycosuric.

Joslin,7 (1928) describes a male infant, with a family history of diabetes, who developed
diabetes at 8 months. He was fed on a nearly normal diet varying from 73 grm. carbohydrate
at 10 months to 100 grm. at 2 years, supplying about 100 calories per kgrm. In these two years
the insulin increased from 12 to 18 units a day, given in three doses, and the urine remained
sugar-free. The child kept well and its weight, although subnormal, increased satisfactorilv.

Litchfield27 (1930). A male child, 5 months old, developed a napkin rash shortly after its
breast feeding was supplemented by cane sugar and cereals. Its birth and early months had
been normal and there was no history of diabetes in the family. At 7- months 6-6 per cent. of
sugar was found in the urine which was reduced to 4-3 on breast feeding alone. Slight ketonuria
was present, the blood sugar was 0-420 per cent. and insulin (15-10-15 units) was started.
Hypoglyc2emia developed and recurred on 10 units b.d. When insulin was stopped the rash and
6-8 per cent. of urinary sugar recurred. Finally the child was given 5 and 7 units per dav and
kept in excellent condition.

Shelley3' (1931) reports the case of a child who was perfectly well till the 8th month.
Labour was normal and a family history of diabetes absent. At the 8th month' chill and fever'
occurred for a few days and again for 4 days during the 9th month. At the 10th month
polydipsia, polyuria and irritation of the skin developed, the napkins were noticed to be sticky
and at the 11th month 2 per cent. of sugar and traces of acetone were found in the urine. The
blood sugar was 259 mgrm. per 100 c.cm. The Wassermann and Pirquet tests were negative.
A normal diet and 3 units of insulin, t.d.s., were given and the blood sugar is recorded as 327
mgrmi, the urine sugar 1 per cent.; 5 units t.d.s. made the urine sugar-free for a few days, but
the blood sugar varied between 240 and 280 mgrm. per 100 c.cm.-evidence of a high renal
threshold. After 10 days the child went home and continued to improve on diet and insulin:
but polyuria, polydipsia and polyphagia were always worse when insulin was omitted. At
15 months it developed acute fever with diarrhoea and vomiting, epidemic at that time. It died
in two days, and an autopsy was not obtained.

Congen diabetes.

In only two of the above cases is there anv probability that the child
was born a diabetic. Three other cases are recorded as congenital diabetes
and will now be considered.

Ambard et al.' (1925) describe the case of a child born of a diabetic mother at the 8: month
of intra-uterine life. The mother was precomatose and was treated with large doses of insuln
(up to 180 units a day). On the day when labour was induced the maternal blood sugar was
0-44 per cent.. but had fallen to 0-180 next day when the mother died (blood urea-0-163 per
cent.). At birth the sugar in the umbilical cord blood (9 arterv or vein) was 0-242 and in the
placental blood 0-228 per cent. The infant lived onlv 21 hours and the urine collected from
the 11-15th hours contained 1-2 per cent. of sugar, the presence of ketone bodies not being
mentioned. Autopsy showed abnormalities (cloudy and hydropic degeneration) of the maternal
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INFANS\TILE 1TABETES W-ITH SAo\N-GREE 31

islets, but normal islets in the infant. although the acinar tissue looked cirrhosed and infiltrated
with lvmphocytes.

The authors claim that the infant was diabetic, but we consider this
not proven. It did not live long enough to disprove the possibility that its
hypergl-caemia and glycosuria were due entirely to the maternal diabetes.

Feldman10 (1928) reports as congenital diabetes a still more doubtful case. A woman of
32, in the ninth month of her pregnancy, was admitted to hospital after one day of unconscious-
ness. and died 2 hours later from heart failure. Post mortem, sugar and ketone bodies were
found in the urine, and histologically the islets of Langerhans were diminished in number and
size, and their cells showed destruction' and cloudy swelling. The urine of the unborn child
contained more sugar than that of the mother. but no ketone bodies. Histologically the child's
pancreas showed manv enlarged islets, and oedema and dropsical swelling of the celLq.

In this case diabetes was not proved, even in the mother, although it is
the best explanation of her death and the urinary findings. This would easily
explain the foetal glvcosuria and, as we shall see later, little attention can be
paid to theories built on the histological appearance of the islets, on which
Feldman's arguments rest.

Nevinnv and Schretter" (1930) describe a more interesting case verv completely. The
mother was obviouslv a mild diabetic in whom thirst and neuritis appeared 3 months before her
8th pregnancy. Her glycosuria was readily controlled bv diet and the blood suggar records
towards the end of pregnancy varied between 137 and 67 mgrm. per 100 c.cm., not clearly dia-
betic. However, during a febrile attack 10 davs after labour, her blood sugar rose to 324 mgrm.
and insulin was required for a few days. so that definite diabetes was present.

The child. born 12 days after the reckoned time, weighed 4,750 grm. Her previous
children weighed about 6 krgm. The following interesting series of blood sugars were obtained
at birth; amniotic fluid 161. maternal venous blood 104, retro-placental blood 89, umbilical vein
87, and umbilical artery 62 mgrm. per 100 c.cm. Obviously th * child was not diabetic at birth,
its blood sugar being lower than the mother's. One of us (R. D. L) has found this relationship
present in 4 cases of children of diabetic mothers.

The child lived 29 days and died with marked cvanosis, due to congenital heart disease,
confirmed at autopsy. Its capillary blood was frequentlv tested for sugar. At birth. 62; at
31 hours, 52; 2nd day. .52; 5th, 62; 8th. 106; 12th, 95; 15th, 172.; 22nd, 162 mgrm. The time
of these tests in relation to food is not stated. No glycosuria and no symptoms of diabetes were
present.

At autopsy the pancreas was macroscopically normal although perhaps somewhat heavier
than the average at one month. The islets were more numerous than in controls of the same age
and large hypertrophic islets ('Rieseninseln ) were much more frequent than usual. The other
endocrine glands were normal except for an enlargement of the anterior lobe of the pituitarv
which was exceptionally rich in eosinophil cells.

The authors conclude from the hypertrophy of the islets and the rising
blood sugar that the infant had an overwork diabetes' (uiberarbeitungs-
diabetes) In our opinion the histological picture is the opposite of diabetic
and it is possible that the slightly rising blood sugar may have been produced
by the child's circulatory failure. and especially the cvancsis. Asphyxia is
known to elevate the blood sugar and might afford an explanation of the only
feature in this child suggesting diabetes. Whether chronic cyanosis in an
infant can elevate the blood sugar we do not know: it is a point which does
not seem to have been investigated.

Conchision.-On the available evidence we do not think any case of
congenital diabetes proven in medical records.
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3ARCHIVES OF DISEASE IN CHEIDHOOD

Post-mortem reports on the pancreas.

In only five of the above cases was any histological examination of
the pancreas made, and very little exact information is available on the normal
appearance of the infantile pancreas with which to compare these records.

In older children, evidence of lesions of the islets is frequentlv entirely
absent and less commonly obtained than in adults. In 22 children Warren8
found the histology of the pancreas entirely normal in 12, and readers are

referred to his recent book for further detail. The main histological features
in the above cases will now be described.

Heiberg's describes the post-mortem appearances in a child of 1 years who had developed
the disease at about 1 year old and died in coma. The islet cells were mostly normal, the islets
themselves were perhaps rather small. Some round-celled infiltration was present in the islets
and surrounding interstitial tissue. Heiberg counted the number of islets per 50 c.mm. and found
them reduced in number to 58 instead of the normal 20:300. Such enumeration, however, is
generally agreed to be difficult and of little value (see Warren).

Knox's2° case showed a pancreas which was normal macroscopicallv. Sections of the pan-
creas showed the lobules to be separated from each other by rather broad septa. which consisted
principally of very loose connective tissue. There were manv small round cells in the interstitial
tissue which in some places seemed to replace the acini. The connective tissue was increased.
The islets were dininished in size and number. In one section none were seen.'

Kochmann'sn case showed fatty changes in the acinous cells and there were verv few islets.
Considerable generalized lvmphocytic infiltration was seen. A small cyst was present in the
middle lobe of the pituitarv.

Da Lange8 mide a very careful examination of Schipper's case. -Nothing really abnormal
was found in the number, size or histological detail of the islets. The liver contained much
glycogen.

Arndt and Welcher2 found a aeneralized anaemia. a diffusely fattv liver. but a normal pancreas
microscopicallv. On section the pancreatic parenchyma (acini) was widely infiltrated with fat.
leaving the islets rather conspicuous. The islets were mostly increased in size and normal in
appearance, although some small-celled infiltration was pre.sent. Thev state that the number
of islets was diminished (218 per 50 c.mm.). but in comparison with Heiberg's figures this does not

seem to us to be true. C'ertainlv the main histological feature w-as acinous atrophy although.
from the blood-sugar results. islet function was also involved. A congenital maldevelopment of
the pancreas seems probable in this case. and the svmptomatology due more to failure of external
than internal pancreatic function.

Conclusion.-We feel that these reports do not help us to associate failure of
insular function with anv constant histological picture. The onlv characteristic
appearance regularly noted is a round-celled infiltration which Warren describes
as perhaps the only characteristic lesion of the islands in older children. He
states that it is ' obviously not a primary lesion.' but suggests a reaction to some
toxic substance or to the necrosis of the islet cells produced by overstrain.

General discussion.

We may now proceed to a general discussion of our own and other recorded
cases.

1. Incidence.-SEX. This would appear to be overwhelmingly male.
Of the cases where the sex has been stated 17 have been male and only 7 female.
In 5 cases the sex is not mentioned.
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IN-FAN-TILE DIABETES W1-ITH GANGRENE

AGE. Of the cases of proved diabetes, 7 have been recorded between the
9th and 12th months of life, and exactly the same number between the 6th,
and 9th months and between the 3rd and 6th months. Below three months
however, onlv 3 cases have been recorded-all in the first few weeks of life-
and of these 2 have recovered. The third which was one of the earliest ever
recorded (Kitsellel) lived for 6 months and might coneeivably have recovered
under modern methods of treatment. The available evidence therefore
suggests that, while over 3 months the disease resembles the adult type,
temporarv loss of islet function mav occur in the very earlv days of life.

2. Symptoms and signs.-These do not differ materially from those of
older children and adults. The onset and course have almost always been
very acute, which is the usual form of diabetes in older children. Restlesssness
and slight fever seem more common initial symptoms than they are in adults,
but these are the disturbances which characterize so many childish comFlaints
that little diagnostic significance can be attached to them. Sticky napkins
seem to have attracted the attention in many instances. Genital irritation
and napkin rashes are naturally more frequent.

Gangrene and pre-gangrenous changes were noted in two other cases
besides ouir own (Ashby3, and Eaton and Woods'). In older children and
young adults these signs are practically unknown and in elderly diabetics are
essentially due to concomitant arterial degeneration. In infants it must
be presumed that the nutritional disturbance of severe diabetes. acute in our
case, may produce gangrene apart, from arterial disease.

3. Aetiology.-INFLEENCE OF HEREDI. In 12 cases no mention is
made of a family history of diabetes, either positive or negative. Of the
remainder 35 per cent. had a family history of diabetes, which is higher than
the figures generally given for diabetes of all ages, but lower than those of the
private cases of one of us (R. D. L.). Von Noorden thought that hereditary
influences were less important in children than in adults, but Joslin's cases
point to the opposite conclusion. It is probable, therefore. that the hereditary
factor in infants is of similar importance to that in adults.

NERVOUS INFLUENCES. Fals on the head have preceded the onset of
two of the cases (Tavaria 3 and Rosbach34), and in the one described by Rosbach
the association of the injury with the onset is very striking. Hvdrocephalus
has been associated with three of the cases reported (and anencephalus with
one), although those of Langstein24 hardly conform to our criteria of true
diabetes. The diabetes. indeed. in these cases is generally mild and a secondary
factor in the fatal result.

INFLUEN-CE OF OVERFEEDING. This appears to have been a contributorv
factor in a few cases (Langstein 24, Knox 20) where the child has been forced to
take large amounts of sugars. starches and malt. extracts. Such cases do not
appear before the 6th to 9th month. but it is evident from the number of
children who are fed on very similar lines that the overfeeding can only have
been a contributory factor.
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ARCHIVES OF DISEASE IN CHILDHOOD

PANCREATIC DISEASE.-Generahzed pancreatic inflammation and cirrhosis
seem to have been responsible for two cases (Arndt and Welcher2. Cuno 7).
Cuno's case was not definitelv diabetic, but mild glcosuria was associated with
generalized pancreatic cirrhosis, and in the case recorded by Arndt and
Welcher the external disorder of the gland was probably the main cause of
death.

It is evident that. as in so many cases of adult diabetes. the wtiology of
infantile diabetes remains obscure.

4. Treatment and prognosis.-Before the use of insulin, death was the
inevitable issue. Few cases survived the diagnosis by more than a very few
months. 'Most lapsed into coma. but a few succumbed to infections, such as
pneumonia. Reduction of the carbohvdrate of the diet, by modifying the
milk and so on. may have reduced the glycosuria, but made no difference t-o
the fatal issue. Many of the cases. however. since insulin was introduced
have not only lived. but thriven. No doubt the care of such a child is exacting,
but good results are assured if the parents and physician are skilled and careful.
Milk must and should form the basis of the diet and is relatively much lower
in the ratio of carbohydrate (5) to protein (3- 5) and fat (3- 5) than the mixed
diets of elder children and adults. The ea.sv and rational treatment therefore
is to give the infant a normal diet for its age and enough insulin to balance it.
Babies are fortunately not upset by insulin injections. and two, or probablv
three. small doses a day give the best results. If complete control is attempted
by two larger doses a day hypoglvcmia will probably ensue. As insulin has
been available for less than 10 years and so far case records are rare, it is not
possible to dogmatize on the future of these children; but there is no evidence
at present why they should not grow up normally as older diabetic children
have done.

RECOVERIES.-Apart from our own case, only one complete recovery
has been recorded (RamseV33) in infantile diabetes. Garnerus"' and Baumel's
cases. where recovery was claimed. do not seem to us to have been proved
cases of diabetes. A very few cases of recovery in older children have been
reported (Joslin"'), but as evidence of hyperglyeaemia was not supplied in these
cases. one feels somewhat dubious about their true nature. 'Cures' in adult
diabetes are also poorlv substantiated. although great improvement in
carbohydrate tolerance is common in the early months of treatment.
Joslin hardly believes in the possibilitv of a genuine and complete recovery
of normal carbohydrate tolerance. This makes the question legitimate
whether the two reported cases were trulv diabetic. We feel that the evidence
on this point in Ramsey's33 case is absolutely definite and. in our own, permits
of no other conclusion. Wasting. glvcosuria (4 2 per cent.) and extreme
hvperglycamia (0-6 per cent.) were all present. and also, as no other cause
for the gangrene was discovered. we have regarded it as secondary to the
upset of carbohydrate metabolism. What disorganized the islet function so
completely and yet so reversibly must rema'n mere conjecture. No infection
or intracranial lesion was ever found to account for the hyperglycemia.
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IN-FANTILE DIABETES WITH GTANGRENE 355

La Barre and Hoet have shown by different experiments that the secretion of
insulin is, partially at least, under the control of the vagus nerves, but we
have no reason to suppose that anv vagal dysfunction was present in this
child. Whatever the cause it was evidently quickly removed.

We conclude that the islet tissue, perhaps because it was quickly protected
from overstrain bv the exogenous insulin, was able to recover from its
di-organization and resume its function.

Summary.

1. A case of gangrene associated with acute diabetes mellitus is reported in
an infant of 18 days. Treatment with insulin resulted in a cure of the
gangrene and complete recovery from the diabetes.

2. The medical literature from 1850 to the present day has been searched for
cases of diabetes in infants under one year of age. Twenty-six true cases,
including our own, are described and discussed. In two complete recovery
is established.

We are indebted to Dr. G. F. Still for the opportunity to treat and record
this case: also to Dr. Snowball, the house physician, and Sister Edith for their
arduous attention to the child. We also thank the Medical Research Council
for part-time grants.
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