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dren with cystic dilatation of the biliary cyst and
resultant bile stasis.4 5 This would explain the
prolonged fever and response to antibiotics.

Ascites, especially as a presenting sign, is ex-
tremely rare. It is present in only 15% of reported
cases, and in these it was found only four to 29 years
after the patients were first seen. Only in one other
case, in the published reports known to us, has
ascites associated with congenital hepatic fibrosis
been described in early childhood.6 The mechanism
of ascites in our patient is unclear, especially in the
light of normal serum protein concentrations. These
two patients show the varied clinical picture of
congenital hepatic fibrosis while adding two further
presentations to those already described.
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Plasma C peptide in hyperinsulinaemic hypoglycaemia

M BOMMEN, R STANHOPE, A B KURTZ, AND C G D BROOK
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SUMMARY We describe two children with hypogly-
caemia due to pancreatic beta cell hyperactivity.
Both had low serum insulin but raised plasma
C peptide concentrations when hypoglycaemic.
Measurement of C peptide is valuable in the
diagnosis of hyperinsulinaemic hypoglycaemia in
children.

Hyperinsulinaemia is the most common cause of
hypoglycaemia presenting in the first year of life
after the neonatal period.1 Serum insulin should be
undetectable during severe hypoglycaemia and this
forms the basis for the diagnosis of hyper-
insulinism.
C peptide is cleaved from proinsulin in the

pancreatic beta cell secretory granules in equimolar
quantitites to insulin. C peptide has double the half
life of insulin in peripheral blood and only a small
proportion of portal blood C peptide is extracted by
the liver, compared with 90% of insulin.3 In
addition, the radioimmunoassay of insulin in serum
is relatively insensitive at concentrations of 3 mU/l
or below, whereas our C peptide assay has a more
sensitive detection limit of 32 to 50 pmol/l. For these
reasons C peptide is more reliable than insulin as a
peripheral indicator of beta cell secretory activity.

Methods

We have modified the method of Heding4 (available
in a kit from Novo Research Institute) for the
determination of plasma C peptide. We have used a
double antibody radioimmunoassay and have col-
lected samples in EDTA combined with trasylol.
Fasting plasma C peptide concentration in a normal
adult is between 150 and 350 pmol/l and the lower
limit of detection in our laboratory is 32 to 50
pmol/l.

Case 1. A boy who weighed 2*4 kg at term presented
with convulsions at age 7 months. Early morning
lethargy and 'jerking' movements had been
observed for two months. A blood glucose concen-
tration of between 0-2 and 1-7 mmol/l was associated
with a serum insulin value of between 8-8 and 69
mU/1. After a 95% pancreatectomy, histology and
fluorescent polyclonal antibody studies showed the
characteristic features of nesidioblastosis.2 For three
weeks postoperatively he developed temporary di-
abetes mellitus requiring insulin, in addition to mild
steatorrhoea treated by enzyme supplements.

Seven months after the subtotal pancreatectomy
he developed a recurrence of morning symptoms,
although these were now intermittent. During a 24
hour fast blood glucose values ranged between 1-4
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and 2-1 mmol/l. Although corresponding serum
insulins were all less than 2 mU/l, plasma C peptide
was not suppressed and varied between 54 and 192
pmol/l. Oral glucose tolerance test (Figure) showed
a normal fasting blood glucose concentration which
rose abnormally by 120 minutes. After the serum
insulin had fallen to 2 mU/l or below, the C peptide
value was greater than 150 pmol/l. Low dose
diazoxide treatment has prevented further hypogly-
caemia.

Case 2. The daughter of a gestational diabetic was
born at term weighing 4-5 kg. After dilutional
exchange transfusion for polycythaemia she de-
veloped non-ketotic hypoglycaemia which re-
sponded to frequent feeds. From the neonatal
period she had early morning convulsions which
were treated with phenobarbitone. At 1-2 years she
was referred to this hospital because of increasing
frequency of convulsions and psychomotor delay.
After an 11 hour fast her blood glucose concentra-
tion fell to 0-8 mmol/l, serum insulin was less than 2
mU/l while plasma C peptide was unsuppressed at
147 pmoUl. A four hour fast before a glucose
tolerance test produced hypoglycaemia (Figure). A
slow rise in blood glucose occurred with an abnor-
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Figure Blood glucose, serum insulin, and plasma
C peptide concentrations after an oral glucose load. Both
patients were fasted for 4 hours before the administration of
1- 75 gm glucoselkg body weight at time 0.

mal value at 120 minutes, reaching a peak at 150
minutes. Rebound hypoglycaemia ocurred at 280
minutes with an undetectable serum insulin; her
C peptide concentration was inappropriate at 282
pmol/l. A prolonged trial of high dose diazoxide and
chlorothiazide was ineffective and she was treated
by 95% pancreatectomy. Histology showed normal
pancreatic architecture and islet cell numbers. Im-
munofluorescent studies showed normal beta cells.
Numerous isolated glucagon and somatostatin cells
were seen scattered among the exocrine glands and
ducts. Nine months after operation there has been
no recurrence of symptoms.

Discussion

The aetiology of hyperinsulinism includes nesidio-
blastosis, pancreatic hyperplasia, adenomata, and
adenomatosis which may represent a spectrum of
the same pathology.5 These disorders are clinically
and biochemically indistinguishable.6 It has been
suggested that hyperinsulinism can occur with nor-
mal pancreatic morphology6 and we suggest that
case 2 had a functional beta cell abnormality. The
changes seen in the non-beta endocrine cells have
been reported in infants of diabetic mothers7 and
may be compensatory.

Both patients showed that hyperinsulinism can be
minimal and intermittent despite beta cell hyperac-
tivity, and that plasma C peptide values are more
reliable than serum insulin in equivocal cases. Both
patients had blunted beta cell responses to glucose
loads despite an inability to 'down-regulate' during
hypoglycaemia. There was dissociation of the nor-
mal relation between blood glucose and insulin
secretion. Similar features of beta cell autonomy
have been found in tissue cultures of nesidioblastic
islets2 and this autonomy may be intermittent.8
The minimal peripheral hyperinsulinism in both

these patients has relevance to the diagnosis of
hyperinsulinaemic hypoglycaemia. Measurement of
serum insulin alone may be misleading. C peptide in
addition to insulin should be measured in cases of
suspected hyperinsulinism.
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Neonatal fat embolism and agglutination of Intralipid
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SUMMARY Pulmonary fat embolism in a preterm
infant receiving Intralipid intravenously is de-
scribed. Serum obtained at the time of clinical
deterioration agglutinated Intralipid. This coincided
with the onset of septicaemia and with a raised
serum C reactive protein concentration. Subsequent
clinical improvement was associated with reduction
in the C reactive protein concentration and non-
agglutination of Intralipid.

Intravenous infusion of Intralipid (Kabi-vitrum) has
been widely used as a calorie rich supplement and a
source of essential fatty acids in intravenous feeding
regimens for neonates.' Fat embolism, however, has
been found at necropsy in the lungs of infants who
have died while receiving intravenous Intralipid.2 3
Hulman et a14 noted that serum of ill adult patients
with a raised concentration of C reactive protein
agglutinated Intralipid in vitro and have suggested
that this is the mechanism for lipid microembolisa-
tion in vivo.

Case history

A boy weighing 800 g was born vaginally at 26
weeks' gestation. He developed hyaline membrane
disease requiring intermittent positive pressure ven-
tilation and thereafter required prolonged mech-
anical assistance for apnoea. The infant was fed
parenterally via peripheral veins using a mixture of
10% Intralipid; Vamin-Glucose (Kabi-vitrum); and
10% dextrose with electrolyte, trace metal, and
vitamin additives. Intralipid was administered by
continuous infusion over 20 hours using a syringe
pump. Fat intake was initially started at 0-5 g/kg/day

and subsequently increased to a maximum of 4
g/kg/day. Serum was examined visually four hours
after stopping Intralipid infusion to confirm clear-
ance of Intralipid.

While on continuous positive airways pressure on
day 41, the infant's general condition deteriorated;
there was temperature instability and an increase in
oxygen requirement for which intermittent positive
pressure ventilation was instituted. At the time, fat
globules were identified in a tracheal aspirate on
Sudan III staining. Pulmonary lipid microembolisa-
tion was suspected and intravenous feeding was
stopped. Naso-jejunal feeds were introduced
cautiously after 48 hours. Blood cultures taken at
the time of the deterioration grew Candida albicans
and treatment with intravenous amphoteracin and
miconazole was begun. There was rapid improve-
ment in the child's respiratory status, with reduction
in both the oxygen requirement and the need for
ventilatory support, and by day 49 he was extubated
into an oxygen enriched environment.
Blood was drawn on days 14, 41, 45, 48, and 54 of

life. The serum concentration of C reactive protein
was assessed using rocket immunoelectrophoresis
technique.5 Ten p1 of Intralipid 10% was incubated
at 37°C with 200 RI of serum and the mixture was
inspected after 24 hours for visual and microscopic
evidence of agglutination.4 The findings are dis-
played graphically in the Figure. The serum concen-
tration of C reactive protein was 2 mgIl on day 14;
on day 41 at the time of clinical deterioration and
the observation of fat globules in the tracheal
aspirate the concentration was 150 mg/l. The can-
dida septicaemia responded to treatment and the
concentration of C reactive protein fell steadily to 7
mg/l on day 54. Serum obtained when the child was
ill and when the C reactive protein concentration


