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An analysis of the insulin test after vagotomy
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From the University Department of Surgery, Western Infirmary, Glasgow

Although the gastric secretory response to an
injection of insulin has been widely used for about
20 years, to assess the completeness of vagal nerve
section, there continues to be some dissatisfaction
with the criteria by which the response to insulin
has been interpreted (Stempien, 1962). The principal
controversy centres on the minimal quantity of acid,
or minimal increase in acid concentration, which
indicates a significant positive acid response following
the insulin hypoglycaemia, and thereby the persis-
tence of some intact vagal fibres. The criteria origi-
nally proposed by Hollander (1948) are perhaps still
most commonly applied: a positive response is
denoted by an increase in acid concentration of
greater than 20 m-equiv per litre over the fasting,
unstimulated level, provided that the blood sugar
concentration falls to less than 35 mg/100 ml;
when there is no detectable acid in the fasting juice,
an increase in acid concentration of more than
10 m-equiv per litre is taken as evidence of a positive
response. In the last 10 years several workers have
suggested other criteria to define a positive response
to insulin, taking into consideration such factors
as volume increases after insulin (Waddell, 1957),
basal secretion values (Bachrach, 1962), and the
timing of the acid response in relation to the insulin
injection (Ross and Kay, 1964). More recently
Bank, Marks, and Louw (1967) have suggested that
an analysis of multiple criteria may give a more
accurate assessment ofthe completeness ofvagotomy,
and thereby a more adequate detection of those with
incomplete vagotomy and consequent high risk of
recurrent ulcer.

In this paper we have analysed in detail a
consecutive series of post-vagotomy insulin tests by
various criteria, singly and in combination, and
compared the results with the effects of the operation
on maximal histamine responses.

'The outline of these results was included in the Memorial Lecture
by Professor A. W. Kay at the American Gastroenterological
Association in 1967 and reported in Gastroenterology in December,
1967. Permission to reproduce Figures 1-3 is gratefully acknowledged
to the Editor of Gastroenterology.

MATERIALS AND METHODS

Augmented histamine tests were performed in 157
duodenal ulcer patients before and after non-selective
vagotomy, 71 with gastrojejunostomy as the accompany-
ing drainage procedure, 83 with pyloroplasty, and three
having the vagotomy alone for recurrent ulcer (two after
previous Polya partial gastrectomy and one after previous
gastrojejunostomy). Postoperative insulin tests were
also performed in all patients. The insulin test responses
of four additional patients, who were referred for the
first time specifically on account of symptoms suggestive
of recurrent ulceration, were also analysed, but in these
patients no augmented histamine responses were
available.

AUGMENTED HISTAMINE TEST (Kay, 1953) The tip of a
radioopaque nasogastric tube was placed in the most de-
pendent part of the stomach under fluoroscopic control.
Fasting gastric contents were aspirated and discarded.
Thereafter continuous electric motor suction was applied
to the tube at a subatmospheric pressure not exceeding
5 cm Hg, and the continuous aspiration was repeatedly
interrupted to ensure adequate patency of the tube.
After four basal 15-minute aspirates had been collected
50 mg mepyramine maleate (Anthisan) was injected
intramuscularly; 30 minutes later histamine acid
phosphate, 0.04 mg/kg, was given by intramuscular
injection, and 15-minute aspirates continued for a further
period of two hours. The volume and pH of each sample
were measured, and the acid concentration determined
by titration with 0.1 N sodium hydroxide, with phenol
red indicator (endpoint pH 6.8-7A4). Acid outputs were
then derived by multiplying the volume and concentration
values. The preoperative augmented histamine test was
performed on the day preceding operation, and the
postoperative test in the second week following
vagotomy.

THE INSULIN TEST Gastric intubation, removal of
fasting juice, and collection of four 15-minute basal
aspirates were made as in the augmented histamine
test. A fixed intravenous dose of 20 units of soluble
insulin was used, and venous blood samples for blood
sugar estimation were taken at the time of the insulin
injection, and after 30 and 45 minutes. Fifteen-minute
aspirates of gastric juice were collected for two hours
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after the insulin injection and the volume, pH, and acid
outputs measured as in the augmented histamine tests.

RESULTS

The same five criteria of positive response to the
insulin test used by Bank et al (1967) were examined
in this study. These criteria were as follows: (1)
increase in volume of gastric secretion after insulin
(Waddell, 1957); (2) basal acid output > 2 m-equiv/
hour (Bachrach, 1962); (3) increase in acid concen-
tration by more than 20 m-equiv/l. within two hours
of the insulin injection, or an increase of more than
10 rn-equiv/l..if basal secretionwasanacid (Hollander,
1948); (4) the same criteria as used by Hollander,
but occurring within the first hour after the insulin
injection (Ross anid Kay, 1962); and (5) total acid
output exceeding 2 m-equiv (or free acid output
more than 1.5 m-equiv) in any one-hour period
after the insulin injection (Bank, Marks, and Louw,
1967).

RELATIONSHIP BETWEEN EACH CRITERION OF POSITIVE
INSULIN TEST AND THE AUGMENTED HISTAMINE
RESPONSE We first examined the percentage re-
ductions in augmented histamine response for those
judged to have positive and negative insulin responses
for each of the criteria in turn. There was no

significant difference in the mean percentage
reduction of augmented histamine response between
insulin-negative and insulin-positive patients when
the criteria of Waddell and of Bachrach were used
(Fig. 1). However, the mean percentage reductions
after vagotomy in those judged insulin positive by
the other three criteria (Hollander, Ross and Kay,
and Bank et al) were significantly smaller than the
mean percentage reductions in the corresponding
insulin-negative groups.
We then examined the absolute acid output to

the augmented histamine test after vagotomy, and
found that those judged positive to the insulin test
by all criteria except that of Waddell (1957) had
significantly greater mean augmented histamine
responses than the corresponding insulin negative
groups (Fig. 2).

COMPARISON OF PERCENTAGE REDUCTION IN AUG-
MENTED HISTAMINE RESPONSE AND MULTIPLE CRITERIA
OF POSITIVE INSULIN RESPONSE The insulin tests of
135 patients were expressed in terms of the number
of positive criteria of insulin response already
defined. In 35 patients the insulin test was negative
by all five criteria. Forty-one patients had two
positive criteria, 24 had three positive, nine had
four positive, and six had all five positive. Figure 3
shows the percentage reductions in augmented
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FIG. 1. Percentage
reductions in the aug-
mented histamine re-
sponse (AHR) in 157
patients after vagotomy
according to the criteria
of Waddell, ofBachrach,
of Hollander, of Ross
and Kay, and of Bank,
Marks, and Louw.
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FIG. 2. Absolute acid output in 157 patients after
vagotomy judged by the interpretations of Waddell, of
Bachrach, ofRoss and Kay, and ofBank, Marks, andLouw.

histamine response after vagotomy for each of
these groups. Those judged positive by either one
or two criteria showed no difference in the mean
percentage reduction in augmented histamine
response when compared with the insulin-negative
group, each of these three groups having an approxi-
mately 70% reduction. With an increase in the
number of criteria of positive insulin response
satisfied there was a steady decrease in the mean
percentage reduction in augmented histamine
response, those with three criteria having a mean
reduction of 5700, four criteria 490%, and all five
criteria 45 %.
A further breakdown of the multiple criteria was

examined to see which particular ones predominated
in each of the multiple groups. Taking first of all
those with only one criterion of positivity this was
the post-insulin increase in volume of Waddell in
32 patients, and the basal secretion elevation of
Bachrach in the remaining nine patients. None of
the other three criteria was ever positive as an
isolated finding. As might be expected the positive
criteria of Waddell and of Bachrach also pre-
dominated in the group with two criteria of positive
response. This apart, no other criterion or combina-
tion of criteria appeared to be of particular
discriminant value.

POSSIBLE RELATIONSHIP BETWEEN MULTIPLE CRITERIA
OF POSITIVE INSULIN RESPONSE AND RECURRENT
ULCERATION Two patients in this series developed
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FIG. 3. Percentage re-
ductions in augmented
histamine response after
vagotomy in 135 patients
related to the criteria
describedfor predicting
the risk of recurrent
ulceration.
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recurrent ulcer, confirmed at subsequent laparatomy,
and the secretory responses of these patients are
indicated on Figure 3. One was found to have four
criteria of positive insulin response, and the other
satisfied all five criteria. Four additional patients
referred directly on account of symptoms of recurrent
ulcer were also insulin tested during the same period.
In two four criteria of positive response were satisfied,
and in the other two all five criteria were positive.
Although it is, of course, too early to draw final

conclusions regarding the overall incidence of
recurrent ulceration in this group of patients, it is
of interest that at least those who have most rapidly
developed recurrent ulcer have been those in whom
the greater number of positive criteria have been
fulfilled.

DISCUSSION

The previous impression that complete vagotomy
with a drainage procedure reduces the maximal
histamine response by approximately 70% (Gillespie,
Clark, Kay, and Tankel, 1960; Gelb, Baronofsky,
and Janowitz, 1961) is further confirmed by the
mean reduction in augmented histamine response
in those patients judged by all criteria to have
negative responses to insulin. It is therefore believed
that lesser degrees of reduction in the augmented
histamine response may well be associated with
incomplete vagal section. The data in Figure 3 give
support for the argument that the more numerous
the criteria for positive response to insulin, the
smaller is the reduction in maximal histamine
response, and correspondingly the greater the risk
of recurrent ulceration. It is true, however, that
although the mean percentage reduction in aug-
mented histamine response in the insulin-negative
group was much greater than in those with three,
four, or five criteria of positive insulin response,
even in the insulin-negative group the range of
values included some with quite small reductions
in the augmented histamine response. Furthermore,
one of the recurrent ulcer patients with four criteria
of insulin-positive response had a percentage
reduction in the augmented histamine response in
the region of 70%. Although these results are from
a relatively small series, and may not represent the
final incidence of recurrent ulceration, it would
appear that the multiple insulin criteria might be
superior to the reduction in augmented histamine
response in predicting the recurrent ulcer risk.

Turning to the individual criteria assessed, it
appeared that those of Waddell (1957) and Bachrach
(1962) separated our post-vagotomy patients into
two groups with virtually identical percentage
reductions in augmented histamine responses, and

gave a relatively large incidence of insulin responses
classified as positive. It may be that these criteria
are unduly sensitive for the detection of incomplete
vagotomy. Alternatively these two classifications
may not have a sufficiently large discriminative
margin (between positive and negative) to avoid the
inclusion of some false positives from the chance
experimental errors in acid measurements. Most
patients positive by two or fewer criteria were
judged so by those of Waddell and/or of Bachrach.
The relative preponderance of these might then
explain the failure of patients found insulin positive
by two or fewer criteria to differ from the insulin-
negative group with regard to the percentage
reduction in the augmented histamine response.
From the practical aspect, our results suggest that
either of these criteria used singly would be of
limited value in detecting the few patients at risk
from recurrent ulcer. It would also appear from the
present series that no other single criterion of
positive response to insulin assessed in the present
study emerged superior to that originally proposed
by Hollander (1948).
Bank et al (1967) reported that none of their

insulin-negative patients had an augmented histamine
response greater than 19 m-equiv/hr, and that 32%
of their patients with positive insulin responses
exceeded this upper limit. Although our acid
outputs were expressed as m-equiv/30 minutes, it
is clear from Fig. 2 that a considerable proportion
of our negative-insulin patients had augmented
histamine responses greater than 19 m-equiv/hr,
and there was also a wider scatter of values in both
positive and negative groups. This may be solely
related to the larger number of patients in the
present series. The lowest value for the augmented
histamine response in patients with positive insulin
responses was reported to be 3 m-equiv/hr in
the series of Bank et al (1967) and in the present
study a similar minimal value for the augmented
histamine response was found in the group judged
positive by either the criteria of Hollander, of Ross
and Kay, or of Bank, Marks, and Louw.
Our results thus support the suggestion of Banks

et al that a consideration of multiple criteria of
positive response to insulin may be more likely to
detect those patients with incomplete vagal nerve
section who are most at risk of developing recurrent
ulceration.
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