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Pathogenesis of neonatal hyperbilirubinaemia after
induction of labour with oxytocin
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Summary and conclusions

To determine the pathogenesis of neonatal hyperbili-
rubinaemia after oxytocin-induced labour venous cord
blood from 95 healthy newborn infants was examined.
Of these, 15 were delivered by elective caesarean section,
40 after spontaneous labour, and 40 after oxytocin-
induced labour. There was no significant difference in
any haematological or biochemical variable between the
first two groups. Infants born after oxytocin-induced
labour, however, showed clear evidence of increased
haemolysis associated with significantly decreased
erythrocyte deformability (P <0 001). In-vitro studies
showed a time- and dose-related reduction in erythrocyte
deformability in response to oxytocin.
The findings suggest that the vasopressin-like action

of oxytocin causes osmotic swelling of erythrocytes
leading to decreased deformability and hence more rapid
destruction with resultant hyperbilirubinaemia in the
neonate.

Introduction

The association between oxytocin-induced labour and neonatal
hyperbilirubinaemia is well documented,'- suggested causes
including hepatic glucuronyltransferase immaturity,5 anoxic
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liver damage,6 enhanced placentofetal transfusion,7 increased
erythrocyte fragility,8 and mechanical trauma to erythrocytes.4
I began the following study after the observation that fetal
erythrocytes were less deformable after oxytocin-induced labour
than after spontaneous labour. Erythrocyte deformability is an
important determinant of erythrocyte life span,9 10 and in
several conditions decreased deformability results in increased
haemolysis. I 12 I therefore investigated the effect of oxytocin
on erythrocyte deformability both in vivo and in vitro and
sought evidence of fetal erythrocyte destruction during both
spontaneous and induced labour.

Patients and methods

The study group comprised 95 healthy newborn infants (44 boys,
51 girls) with birth weights of 3005-4108 g (mean 3420 g) and Apgar
scores exceeding 7 at one minute. With use of a wide-bore needle
and gentle suction to avoid haemolysis 20 ml venous cord blood was
collected as soon as the cord had been clamped and divided and
before placental separation. The blood was anticoagulated with
lithium heparin.
Of the 95 infants, 40 had been delivered after spontaneous labour

and 40 after induction of labour by amniotomy and intravenous
oxytocin (Syntocinon). The average dose of oxytocin used was
4500 mU (range 3000-7000 mU). In the cases selected for study the
duration of labour was between six and 14 hours and analgesia was
achieved with intramuscular pethidine. No patient was given epidural
analgesia. In none of the cases was there clinical or cardiotocographic
evidence of fetal distress, and all mothers had spontaneous vertex
deliveries. The remaining 15 infants were delivered by elective
caesarean section.
Within two hours after delivery the following procedures were

carried out on the cord blood: packed cell volume was measured
with a Hawksley microhaematocrit; plasma osmolality was measured
with an advanced osmometer; and erythrocyte deformability was
measured by a microfiltration technique13 whereby the erythrocyte
deformability index (EDI) was calculated as the volume of erythro-
cytes contained in a 20° suspension in their native plasma that
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passed through a Nuclepore filter (5 Itm diameter) in one minute

under a filtration pressure of 20 cm H,O. Plasma aliquots were

stored at -20 C until all samples were collected and then estimated
in a batch for bilirubin concentration by a standard autoanalytical
method, for haptoglobin concentration with M-partigen haptoglobin
plates (Behrislg Diagnostics), and for lactate dehydrogenase activity

(normal range in our laboratory 70-240 IU 1) bv the method of
Wroblewski and La Due."

In-vitro studies were made on fetal cord blood. In the first experi-
ment 3000 'U oxytocin was added to 20 1(0-ml aliquots of erythrocyte
suspension, and 500 :ul isotonic saline was added to a duplicate
20 10-ml aliquots prepared from the same cord blood. The samples
were incubated at 37 C and the EDI of the two sets measured at
in-tervals. In the second experiment 50 5-ml aliquots of erythrocyte
suspension were prepared and 500 :l isotonic saline and 500 sU,
1500 uU, 2500 !)U, and 4000 :sU oxytocin respectively added to
groups of 10, which were then incubated for four hours and the
EDI of each sample measured.

Results

The table gives the haematological and biochemical values in
cord blood from the 95 infants. There was no significant difference in
any variable between infants delivered by caesarean section and
those born after spontaneous labour. Infants born after oxytocin-
induced labour, however, had a lower packed cell volume (P < 0 001),
increased plasma bilirubin concentration (P < 0-001), decreased plasma
haptoglobin concentration (P < 0 01), and increased plasma lactate
dehydrogenase activity (P <0001). These infants also showed a
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FIG 1-Effect of increasing incubation time on erythrocyte
deformability.
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FIG 2-Effect of increasing oxytocin dosage on erythrocyte
deformability.

significant reduction in mean EDI (P < 0 001) and plasma osmolality
(P < 0001).

In-vitro studies disclosed a time-related (fig 1) and dose-related
(fig 2) effect of oxytocin on erythrocyte deformability. The duration
of incubation affected the degree of charnge in erythrocyte deforma-
bility. There was no difference between the oxytocin and control
samples at one and two hours, but there was a significantly greater
reduction in EDI in the oxytocin-treated samples at four hours
(P < 0-05) and at six and eight hours (P < 0 001). Varying the dose of
oxytocin in the erythrocyte suspensions showed that 100 uU/ml
caused no significant decrease in deformability, but increasing the
dose to 300 pU/ml caused a significant fall in EDI (P < 0 001), and a

further decrease in EDI occurred at doses of 500 and 800 SlU/ml
(P < 0001).

Discussion

The clinical findings of this study showed clear evidence of
increased erythrocyte destruction during oxytocin-induced
labour. The reduced packed cell volume and raised plasma
bilirubin concentration after induced labour agreed with the
findings of D'Souza et al,4 and the low haptoglobin con-

centration and increased lactate dehydrogenase activity con-

firmed that accelerated erythrocyte destruction was taking
place during induced labour. The plasma haptoglobin con-

centration in neonates is normally low,15 but the very low values
observed in my series suggested increased haemolysis. The
finding that fetal erythrocyte deformability is reduced after

Mean (± SE) haematological and biochemical values in cord blood from infants delivered by elective caesarean section and after spontaneous and oxytocin-induced
labours. Numbers of infants given in parentheses

P value*
Cord blood Elective caesarean section Spontaneous labour Oxytocin-induced labour (oxytocin-induced v

spontaneous labour)

Packed cell volume. 052 0-012 (15) 0 53 0 013 (40) 0 47- 0014 (40) 0 001
Erythrocyte deformability index (ml/min) 0-83- 0-03 (15) 0 81 0-04 (40) 0 61 ± 0 06 (40) 0 001
Plasma bilirubin concentration (,umol/1) 31 -1-2 (15) 33 1-3 (40) 38 -1-5 (40 0 001
Plasma haptoglobin concentration (g/l) .. 0091 0 024 (25) 0 023- 0-006 (25) -0 01
Plasma lactate dehydrogenase activity (IUI) 223 8 (25) 346 25 (25) 0001
Plasma osmolality (mmol/kg) . .286 4 (15) 290 6 (40) 277 ±6 (40) 0001

*Derived with Student's t test.
Conversion: SI to traditional units-Packed cell volume: 10 =100 0". Plasma bilirubin: 1 umol 1- 0 06 mg'100 ml. Plasma osmolality: 1 mmol 'kg- 1 mosmol!kg.
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oxytocin induction and the knowledge that decreased deform-
ability leads to accelerated haemolysis '-2 indicate the pathway
of haemolysis in the induced group, and only the cause of the
reduced deformability remains to be proved.
That it was oxytocin crossing the placenta that affected

deformability was shown in the in-vitro studies, with the finding
of both a time-related and dose-related effect of oxytocin on
erythrocyte deformability in the range of oxytocin concentrations
found in maternal blood during induction of labour with
oxytocin.16 These in-vitro results also help to explain the
clinical observations that the hyperbilirubinaemia after induction
of labour is related to the dose and the duration of oxytocin
administration.3 1 The lowered plasma osmolality after induced
labour agreed with the findings of Singhi and Singh8 and
suggests that the vasopressin-like action of oxytocinl7 causes
activation of electrolyte and water transport across the erythrocyte
membrane with consequent osmotic swelling, which is a well-
recognised cause of reduced erythrocyte deformability9 and
leads to more rapid erythrocyte destruction. In the neonate,
whose hepatic enzymes are unable to cope with the increased
bilirubin production, clinical hyperbilirubinaemia ensues.

Oxytocin is an important therapeutic agent in obstetrics and
probably its effect on erythrocytes cannot be prevented other
than by keeping the total dose used to a minimum. The use of
prenatal drug treatment with either phenobarbitone18 or
antipyrene1l to activate fetal hepatic glucuronyltransferase and
so increase the neonate's ability to eliminate bilirubin has been
suggested, but it would be more logical to prevent the hyper-
bilirubinaemia by reducing the dose of oxytocin rather than
treat it with potentially toxic drugs.

Thanks are due to Professor D C A Bevis for the facilities of his

department; to Mr H M Macdonald for his interest and encourage-
ment; to the technical staff of the departments of medical illustration,
clinical chemistry, haematology, and immunology at St James's
Hospital; and to Miss M Breeze and her nursing colleagues in the
labour ward for their help.
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Role of residual insulin secretion in protecting against
ketoacidosis in insulin-dependent diabetes
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Summary and conclusions

The role of preserved beta-cell function in preventing
ketoacidosis in type I insulin-dependent diabetes was
assessed in eight patients with and seven patients
without residual beta-cell function as determined from
C-peptide concentrations. After 12 hours of insulin
deprivation blood glucose, ketone-body, non-esterified
fatty-acid, and glycerol concentrations were all signifi-
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cantly higher in patients without beta-cell function than
in those with residual secretion. Mean blood glucose
concentrations reached 17 2+SE of mean 13 mmol/l
(310+23 mg/100 ml) in the first group compared with
8 8±1 4 mmol/l (159+25 mg/100 ml) in the second
(P <001), while 3-hydroxybutyrate concentrations rose
to 5 5+0 5 mmol/l (57+5 mg/100 ml) and 1-4+0 3
mmol/l (15+3 mg/100 ml) in the two groups re-
spectively (P <0 01). Individual mean C-peptide con-
centrations showed a significant inverse correlation with
the final blood glucose values (r= -0 91; P <0 02).
These findings strongly suggest that even minimal

residual insulin secretion is important for metabolic
wellbeing in diabetes and may prevent the development
of severe ketoacidosis when insulin delivery is inadequate.

Introduction

Increased blood ketone-body concentrations and a tendency to
develop severe ketoacidosis are characteristic of insulin-
dependent type I diabetes mellitus. Nevertheless, patients vary
widely in their susceptibility to ketoacidosis. Changes in
catabolic hormone concentrations certainly influence the
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