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and pyloroplasty were not matched by a correspondingly large insulin
response. Indeed, the reverse was true: whereas blood glucose
concentrations after truncal vagotomy and pyloroplasty were sig-
nificantly greater than after highly selective vagotomy, the insulin
response to oral glucose, as judged by the insulinogenic index, was
significantly less. The insulin response was also significantly less after
truncal vagotomy than after selective vagotomy. The reason for this
difference in insulin secretion is not clear. The similarity of the plasma
insulin curves after selective and highly selective vagotomy suggests
that vagal denervation of the small bowel and pancreas may be
responsible. The lower insulin levels after truncal vagotomy could be
due to direct vagal denervation of the pancreas or impaired release of
gut hormones which augment the insulin response to an oral glucose
load.5 The latter explanation is the more likely because of the dis-
covery that the administration of atropine reduced the insulin
response to both oral and intraduodenal glucose but not to glucose
given intravenously.30
Thus we formulated the hypothesis that the smaller insulin

response which we found after truncal vagotomy than after
selective or highly selective vagotomy was due to vagal de-
nervation of the small intestine and that this in turn led to
impaired release of a gastrointestinal hormone or hormones
which are necessary for the optimal release of insulin. To test
this hypothesis we compared the responses to oral and intra-
venous glucose after the three types of vagotomy. The results
are presented in part II of this paper.
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Part II-Comparison of Responses to Oral and Intravenous Glucose

Summary

Paired oral and intravenous glucose tolerance tests were
carried out in patients who had undergone truncal
vagotomy and pyloroplasty, selective vagotomy and
pyloroplasty, or highly selective vagotomy at least six
months earlier. Intravenous glucose tolerance was
similar in all three groups. Oral glucose elicited signifi-
cantly higher concentrations ofplasma insulin in patients
who had undergone selective and highly selective vago-
tomy than in those treated by truncal vagotomy. When the
same amount of glucose was given intravenously, how-
ever, plasma insulin concentrations were similar in all
three groups of patients. The insulin secreted in response
to intravenous glucose expressed as a percentage of that
secreted in response to oral glucose was 1120%" for truncal
vagotomy, 51 %h for selective vagotomy, and 52%/ for highly
selective vagotomy. Truncal vagotomy thus led to a
diminished insulin response to oral glucose, which was
probably due to impaired release of small-bowel
hormones.

Introduction

Our results in part I showed that truncal vagotomy results in
diminished secretion of insulin in response to oral glucose.
Is this impaired insulin secretion a direct effect of vagal dener-
vation of the pancreas, or is it mediated indirectly through
impaired release by the small intestine of hormones which
normally stimulate the release of insulin? To try to define the
possible role of small-bowel hormones in the impaired secre-
tion of insulin after truncal vagotomy we gave patients the same
amount of glucose orally on one occasion and intravenously on
another. The patients had undergone either truncal vagotomy

and pyloroplasty, selective vagotomy and pyloroplasty, or highly
selective vagotomy without a drainage procedure, as described
in part I.

Patients and Methods

Eight patients from each vagotomy group agreed to have paired tests
of intravenous and oral glucose tolerance. The two tests were carried
out in random order, the second lest being performed at least one
week after the first. The patients were representative of the groups
described in detail in part I. The oral glucose tolerance test was
performed as described in part I. The intravenous glucose tolerance
test was performed after an overnight fast. A solution of 350 ml of
25% glucose was infused at a constant rate into a peripheral vein over
25 minutes. Venous blood samples were withdrawn through an
indwelling heparinized cannula before the infusion began and at 10,
20, 30, 45, 60, 75, 90, 105, and 120 minutes. Details of measurements
of blood glucose concentrations' and plasma insulin concentrations2
and the statistical methods used were given in part I.

Results

During the infusion of glucose blood glucose concentrations rose
rapidly in all three groups of patients, reaching a peak at 20-30
minutes. The rate of increase was most rapid in patients who had
undergone truncal vagotomy, whose mean blood glucose concentrations
were significantly higher at 10 minutes (17-8 mmol/l (320 mg/ 100
ml)) and 20 minutes (26 6 mmol/l (480 mg/ 100 ml)) than those of
patients who had undergone either selective vagotomy (13-9 mmol/l
(250 mg/ 100 ml), P<0 02; and 17 8 nimol/l (320 mg/ 100 ml),
P<0c001 respectively) or highly selective vagotomy (12 2 mtmol/l
(220 mg/100 ml), P<0c01; and 21-6 mmol/l (390 mg/100 mil),
P<0c01). Tihereafter blood glucose concentrations decreased rapidly
in each group, and no other significant differences were found. The
-rate constant, K, for the disappearance of glucose from the blood
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stream was calculated from a plot of the logarithm of the excess
blood glucose concentration above fasting levels against time.3 There
were no significanit differences among the three groups, mean
valiues for K being 00127 + 000051 for truncal vagotomy, 00131
± 0 00076 for selective vagotomy, and 0 0125 + 000062 for highly
selective vagotomy.

Insulin concentration rose promptly during the test in each of the
three groups. The raised concentrations persisted for longer after
truncal vagotomy, so that at 90 minutes the concentration of plasma
insulin was 85 mU/1 after truncal vagotomy and 25 mU/l after selective
vagotomy (P <0 02). Withthis single exceptionno significant differences
were found among the three groups.
The mean plasma insulin responses to oral and intravenous glucose

in the three groups of patients are compared in the diagram. In patients
who had undergone truncal vagotomy the responses were similar.
After both selective and highly selective vagotomy the plasma insulin
responses to oral glucose were much greater than those to intravenous
glucose, the differences being statistically significant at 60 minutes in
patients who had had selective vagotomy (P <005) and at 45 minutes
in those who had had highly selective vagotomy (P<0 02). The
integrated insulin response (insulin output) over two hours after
intravenous glucose was only 51 %O of the output after oral glucose in
the patients who had undergone selective vagotomy and only 52% in
those treated by highly selective vagotomy. Both these differences were
significant (P <0-02 and P <0 01 respectively). After truncal vagotomy,
however, the insulin output in response to intravenous glucose was
112% of that in response to the enteral stimulus-a statistically in-
significant difference.

Truncal vagotomy Selective vaqotomy Highly selective vagotomy200 Oa
Oral

160 L-2~~~~~~~~~~

C 0

E

0 20 b0 100 20 60 100 20 60 100
Time (min)

Comparison ofplasma insulin responses to 350 ml 25 °' glucose solution given
by mouth or intravenous infusion. Values are means ± 1 S.E. of mean.

Discussion

Most studies have failed to show any change in intravenous
glucose tolerance after vagotomy,4'7 though Etcheverry8
concluded from work in dogs that vagotomy prolonged the
hyperglycaemia resulting from a glucose infusion In our study
the rate constants for the disappearance of glucose from the
bloodstream after intravenous infusion of glucose were similar
in the three groups of patients who had undergone different
types of vagotomy. Blood glucose concentrations during the
period of glucose infusion, however, were significantly higher
in patients who had undergone truncal vagotomy than in those
who had had either of the selective types of vagotomy. This raises
the possibilitythat vagal denervation of the pancreas may directly
impair pancreatic endocrine function.
The observation that plasma insulin responses were consis-

tently higher after an oral dose of glucose than after an identical
intravenous dose has suggested that gastrointestinal hormones
might play an important part in the metabolism of an oral
carbohydrate meal. 8-11 Our results in patients who had under-
gone selective or highly selective vagotomy are in accord with this
concept, because their plasma insulin response to intravenous
glucose was only about half of the response to oral glucose.
After truncal vagotomy, however, no significant difference was
found between the insulin responses to oral and intravenous
glucose. Thus truncal vagotomy leads to a diminished insulin
response to oral glucose, and clearly it does so indirectly by
interfering with the release of one or more of the gastrointestinal
hormones which normally increase the pancreatic output of
insulin.

Much emphasis has recently been placed on the interaction of
humoral and nervous mechanisms in gastrointestinal physiology.

Support for the concept that truncal vagotomy may lead to impaired
release of small-bowel hormones and hence to disturbed gastroin-
testinal function is found in several experiments relating to pancreatic
exocrine function. For example, administration of atropine"2 or other
anticholinergic drugs"3 reduces the pancreatic exocrine response
to endogenous secretin (released by acid perfusion of the duodenum)
more than the response to exogenous secretin-that is, pharmaco-
logical "vagotomy" may impair the release of secretin from the mucosa
of the small intestine. After similar experiments Hong and Magee"4
concluded that intact vagal innervation to the small intestine was
necessary for the normal release of cholecystokinin-pancreozymin
(CCK) and that truncal vagotomy led to impaired release of pancreatic
enzymes by diminishing the release of CCK.

Studies in man"5 showed that the pancreatic enzyme output in
response to perfusion of the duodenum with essential amino-acids in
patients who had undergone truncal vagotomy was only 40% of the
output found in patients with chronic duodenal ulcer before operation.
In contrast, the response to large doses of exogenous CCK was
unchanged. Truncal vagotomy in dogs produces similar effects'"-'9
for example, a 65% reduction in enzyme output was found in response
to a meat meal after truncal vagotomy in dogs, whereas the response to
intravenous secretin and pancreozymin was either normal or increased.
Isaza et al.20 investigated the effects of truncal vagotomy on gall
bladder contraction in dogs and found that contraction in response to
intravenous infusion of cholecystokinin was unaffected by vagotomy
but that contraction in response to the presence of oil in the duodenum
was significantly delayed. They concluded that truncal vagotomy leads
to delay in the release of endogenous cholecystokinin, a conclusion
which had been reached previously by Snape." 22 In man Glanville and
Duthie23 found that the rate of gall bladder emptying did not change
after truncal vagotomy, while slightly slower rates of emptying were
noted by Rudick and Hutchison'4 and Parkin et al.25

Truncal vagotomy also impairs the inhibitory influence of the small
intestine on gastric-acid secretion,'6 27 possibly because it leads to
diminished release of hormones which inhibit gastric acid secretion,
such as secretin,28 "enterogastrone,"29 and gastric inhibitory polypep-
tide.30
We have suggested that the effect of truncal vagotomy on pancreatic

endocrine function is largely indirect, but have raised the possibility
that denervation of the pancreas may also have a direct effect on its
hormonal output. This latter concept is in keeping with the recent work
of Bloom et al.," who found that truncal vagotomy impaired glucagon
release from the pancreatic o-cells in response to insulin hypogly-
caemia. Though oral glucose produced higher plasma insulin levels in
patients who had undergone selective vagotomy than in those treated
by truncal vagotomy no differences were found in the concentrations
of plasma enteroglucagon between the two groups, and it was inferred
that the differences in insulin secretion resulted from a pancreatic, not
intestinal, effect'2

Thus there is abundant evidence that truncal vagotomy
interferes with the neurohumoral regulation of gastric, biliary,
pancreatic (endocrine and exocrine), and small-bowel function.
Though the clinical significance of these disturbances in normal
physiology is not clear, it is difficult to escape the conclusion that
the relatively poor symptomatic status of many patients after
truncal vagotomy with a drainage procedure"3'35 and the weight
loss, anaemia, and tuberculosis which occur in the long term
after truncal vagotomy and gastrojejunostomy36 may be related,
at least in part, to these effects of parasympathetic denervation.
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Use of Oxytocin and Incidence of Neonatal Jaundice

IAIN CHALMERS, H. CAMPBELL, A. C. TURNBULL

British Medical J'ournal, 1975, 2, 116-118

Summary

A retrospective controlled study using data from the
Cardiff Births Survey examined a possible relation
between oxytocin administration to induce or accelerate
labour and the subsequent development of neonatal
jaundice. Among 10 591 infants born in Cardiff between
1970 and 1972 the incidence of neonatal jaundice was
higher in infants born after oxytocin administration than
among others. Analysis by gestational age at delivery,
birth weight, Apgar score, length of labour, sedative and
analgesic therapy during labour, and suppression of
lactation showed that this association held within all
these categories except among small immature infants,
who are at high risk of jaundice in any case.

Introduction

A relation between oxytocin administration in labour and
the subsequent development of neonatal jaundice was first
suggested by Mast et al. in 1971,1 2 and later studies have tended
to confirm this.3-7 Summary data presented by Friedman and
Sachtleben8 showed a trend among 12 413 infants which
suggested a relation, but the differences in mean bilirubin levels
among infants born after spontaneous, accelerated, and induced
labour were not statistically significant. Other studies have
failed to show an association. 9-12

Critics of studies which suggest a possible causal relation
between oxytocin administration and neonatal jaundice have
pointed to the inherent differences between the groups studied:
women whose labours were induced or accelerated by oxytocin
were necessarily different from those in whom oxytocin was not
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used.'3 14 Proof of causality in these circumstances could best
be inferred from a randomized controlled trial,'6 and this
technique has already been used to compare the effects on the
fetus of different uterine stimulants.'" Nevertheless, random
allocation of a representative group of women to management
schedule which included a group in which uterine stimulation
was precluded would be challenged on both ethical and pract-
ical grounds, given current obstetric and social indications for
induction and acceleration of labour. The earlier discharge of
mothers and infants after delivery also militates against collection
of complete data on bilirubin levels at a time when these are
likely to be maximal.

Thus, further controlled studies with careful matching for
all factors thought to be relevant still offer the best means of
investigating the hypothesis that there is a causal relation
between the induction and acceleration of labour with oxytocin
and subsequent development of neonatal jaundice. In our study
reported here we used data from the Cardiff Births Survey,
which covers all mothers and infants delivered in Cardiff.'7

Patients and Methods

The study population was drawn from the 17 496 live births in
Cardiff during the period 1970-2; 97% of these deliveries were
conducted in hospital. Labours were classified in three groups: 1,
those in which oxytocin was used either for induction or for accelera-
tion; 2, those of spontaneous onset in which no oxytocin was ad-
ministered; and 3, those induced by amniotomy alone.
An infant was classed as jaundiced if a plasma bilirubin level of

171 ,umol/l (10 mg/100 ml) or more had been found during the
neonatal period. The date on which the raised bilirubin was measured
was not recorded in the original Cardiff Birth Survey so we could not
estimate whether there were differences in the timing of the onset of
jaundice. An infant in hospital was more likely to have a bilirubin
estimation performed than one who had become mildly jaundiced
after discharge home, and analysis of the three groups by day of
discharge showed that infants born after oxytocin administration were
discharged slightly later than the others. To meet this potential source
of bias the study population was restricted to the 11 192 infants
discharged from three to eight days after delivery. Bilirubin estima-
tions, indicated by the slightest clinical suspicion of jaundice, had
been performed on 23% of all infants. It was unlikely that any
significant number of cases of hyperbilirubinaemia remained un-
detected in those infants in whom no bilirubin estimation had been
performed before discharge from hospital.
We further excluded 64 infants delivered by elective caesarian

section, 10 delivered by caesarean section after "failed induction,"
233 delivered after oxytocin administration without amniotomy, 130
born to rhesus-negative mothers with antibodies, and 164 who
developed cephalhaematoma. The 233 infants born after oxytocin
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