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Glucagon therapy in acute pancreatitis1
Report of a double-blind trial

H. K. DORR2, D. MAROSKE, 0. ZELDER, AND J. CH. BODE

From the Medizinische Klinik and Chirurgische Klinik, University of Marburg, Germany

SUMMARY The results of a double-blind trial of glucagon in 69 patients with acute pancreatitis are

reported. In a subgroup of 59 patients statistical analysis showed no significant differences between
the glucagon-treated (n = 29; 2 x 5 mg protamine-zinc glucagon intramuscularly per day) and the
placebo-treated (n = 30) subjects for the following data: duration of pain felt spontaneously and
induced by palpation, amounts of analgesics and antispasmodics required by the patients, duration
of hospital stay, amylase activities in serum and 24 hour urine collections. Mortality rates did not
differ significantly between the glucagon-treated and the placebo-treated subjects in the total group
of 69 patients and in the two subgroups of patients who were treated conservatively (n = 59) and
those who underwent laparotomy because of severe peritonitis (n = 10). From the results of this
study it is concluded that favourable effects of glucagon upon the course of acute pancreatitis-if
they do exist-are not significant.

The use of glucagon as a therapeutic agent in acute
pancreatitis was first suggested by Knight et al. in
1971. Subsequently, favourable results of several un-
controlled clinical trials have been reported (Condon
et al., 1973; Mercadier et al., 1973; Fleischer and
Kaspar, 1974; Holub and Om, 1974; Stremmel,
1974). Relief of pain and clinical improvement were
observed together with a decline in enzyme activities
in these studies. In order to assess the value of this
treatment we started a double-blind trial, the
results of which are reported in this paper.

Methods

Patients entering the trial had to fulfil the following
criteria: (1) a history and clinical signs typical of
acute pancreatitis, (2) a rise in amylase activities in
serum and urine to at least twice the upper normal
limit. The patients were divided into two groups:
group I comprised nine patients (five treated with
placebo and four treated with glucagon) who were
operated on during the acute phase of their illness
'Preliminary results of this study were reported at the 8th
Meeting of the European Pancreatic Club, Toulouse, 23-25
October 1975 and at the 82nd Meeting of the German Society
for Internal Medicine Wiesbaden, 25-29 April 1976.
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because of symptoms of severe peritonitis lasting for
more than 24 hours, and one patient treated with
placebo who died of unexplained sudden cardiac
arrest 36 hours after admission (she is included in
Table 5 in the group of patients treated conserva-
tively). In the patients submitted to laparotomy
administration of glucagon or placebo was stopped
when the operation was started. Group II com-
prised 59 patients who received glucagon (29
patients) or placebo (30 patients) until abdominal
symptoms disappeared and amylase activities had
become normal, except for a few cases in whom the
symptoms lasted for a longer period of time. In the
latter patients administration of glucagon or placebo
was not stopped until treatment had lasted for at
least five days. A patient who was treated with
glucagon for eight days but then underwent lapa-
rotomy because of severe peritonitis is included in
group II (she died postoperatively and is included in
Table 5 in the group of patients who underwent
operation).
The distribution of age and sex, of severity of

illness at the time of admission, and of possible
aetiological factors is displayed in Tables 1 to 3.
Statistical analysis showed no significant differences
between glucagon-treated and placebo-treated
patients of group I and group II for the data of
Table 2 (chi2 test: P > 0 1) and Table 3 (chi2 test: P >
0-1).

Clinical management for all patients was as
175
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Table 1 Distribution ofage and sex

Patients Group I Group II

Glucagon Placebo Glucagon Placebo

Numbers
Males 4 5 14 19
Females 0 1 15 1 1

Age (yr)
(mean and
range)

Males 37-8 (21-54) 49 2 (33-65) 53-4 (31-82) 45 7 (21-75)
Females - 46 50-2 (23-82) 52-0 (24-77)
Total group 37 8 (21-54) 48-7 (33-65) 51-8 (23-82) 48-0 (21-77)

Table 2 Severity ofpancreatitis, graded according to
clinical symptoms at the time of admission (numbers of
patients)

Group I Group II

Glucagon Placebo Glucagon Placebo

Pain only 1 0 7 10
Pain + vomiting or
abdominal rigidity 0 2 15 13

Pain + vomiting +
abdominal rigidity 3 4 7 7

Table 3 Possible aetiological factors (numbers of
patients)

Category ofpatients Group I Group II

Glucagon Placebo Glucagon Placebo

Acute relapsing
pancreatitis (at least
one former attack)
with severe alcoholism 0 2 4 4

Acute pancreatitis with
severe alcoholism 1 1 5 7

Acute pancreatitis with
disease of biliary tract 2 2 18 12

Acute pancreatitis with
severe alcoholism and
disease of biliary tract 1 1 0 4

Acute pancreatitis without
alcoholism or known
disease of biliary tract 0 0 2 3

follows: no food, nasogastric decompression,
intravenous substitution of fluid, electrolytes, etc.,
selected antispasmodics and analgesics as required
by the patients, and antibiotics if necessary. An
intramuscular injection of 5 mg protamine-zinc
glucagon and placebo, respectively, was given twice
daily. Patients were given glucagon or placebo
according to a randomised code. The trial was per-
formed under strictly double-blind conditions, and
the code was not broken until all data had been fixed
for each patient.
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Fig. 1 Duration of abdominal pain felt spontaneously
without palpation in the patients ofgroup I.

The follow-up included daily clinical examination
according to a prescribed protocol, daily determina-
tions of amylase activities in serum and 24 hour
urine collections, and, every second day, determina-
tions of the basic haematological and other
laboratory values (serum-calcium, blood sugar,
bilirubin, alkaline phosphatase, etc.). Three patients
of the glucagon group and two patients of the
placebo group could not be examined clinically each
day and are therefore not included in Fig. 1.

Results

DURATION OF PAIN
The histograms in Fig. 1 demonstrate the duration
in days of abdominal pain felt spontaneously with-
out palpation by the patients. There is no statistically
significant difference between both groups (Mann
Whitney U test: P > 0- 1). A very similar picture was
obtained for the duration of abdominal pain
induced by palpation (Mann Whitney U test: P >
0-1).

AMOUNT OF ANALGESICS AND
ANTISPASMODICS
In order to measure the amounts of analgesics and
antispasmodics required by the patients we used a
system of points in which one 'point' was equal to 20
mg scopolamine-N-butylbromide, or 500 mg meta-
mizole, or 500 mg aminophenazone, or 10 mg penta-
zocine, or 10 mg pethidine. The data in Table 4
demonstrate that the amounts of these drugs given
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Fig. 2 Serum amylase activities during the first five
days of treatment in the patients ofgroup I. Each point
indicates the mean ± SEM of the enzyme activities of
the patients who were treated with glucagon (a) and
placebo (0), respectively. Upper limit of normal range:
300 U/l (Phadebas test kit, Pharmacia, Uppsala, Sweden).

to the patients during the first five days of treatment
did not differ between the two groups.

)URATION OF HOSPITALISATION

The data in Table 4 demonstrate that there were no
significant differences in the duration of hospital stay
between the glucagon and the placebo group.

AMYLASE ACTIVITIES IN SERUM AND URINE

There was a rapid decrease in serum amylase activi-
ties (Fig. 2). Mean values were slightly higher in the
glucagon group on the third, fourth, and fifth day,
but the differences were not statistically significant.
The same was found for amylase concentrations and
outputs in 24 hour urine collections.

MORTALITY

Mortality rates are shown in Table 5. Ten patients
underwent laparotomy because of severe peritonitis
(operation group). They were given glucagon and

Table 4 Duration of hospital stay and amounts of
analgesics and antispasmodics required by patients of
group II (mean and range)

Glucagon Placebo Mann- Whitney
U test

Duration of hospital
stay (days) 32-6 (7-91) 26-9 (3-97) p > 0-1

Amount of analgesics
during first 5 days of
treatment ('points') 15-3 (0-68) 16-0 (0-77) p > 0-1

placebo, respectively, before the operation (at least
two injections). Subsequently, this regimen was
stopped and high doses of aprotinin were given.
Fifty-nine patients were treated conservatively. Two
of them died, one after sudden cardiac arrest of un-
explained origin and the other because of suppura-
tive cholangitis with multiple liver abscesses. Both
had received glucagon. The differences in mortality
between the glucagon treated and the placebo group
are statistically not significant in the group of patients
who underwent laparotomy, in the group of patients
who were treated conservatively, and-after sum-
ming up the operated and the conservatively treated
patients-in the 'total' group of 69 patients.

Discussion

After the first communication of a possible beneficial
effect of glucagon therapy on the course of acute
pancreatitis by Knight et al. (1971), Waterworth et al.
reported in 1974 preliminary results of a double-
blind trial in 20 patients, five ofwhom were discarded
on analysis of the results: serum amylase activities
returned to normal and pain disappeared after signi-
ficantly shorter intervals of time in the glucagon
treated group compared with the controls. In other
uncontrolled studies clinical improvement and a
persistent fall in activities of amylase (Condon et al.,
1973) and lipase (Fleischer and Kaspar, 1974),
respectively, were associated with glucagon therapy.
The results reported here do not confirm the favour-
able impressions of these uncontrolled studies and
the findings of Waterworth and co-workers, although
we used the same criteria for evaluating the effect of
glucagon on the course of acute pancreatitis. In
accordance with our findings are reports of pre-
liminary results of controlled trials in France
(Gauthier et al., in press) and Denmark (Kronborg
et al., 1976) in which-so far-glucagon has not
significantly influenced the mortality of acute
pancreatitis.

It might be argued that our failure to find signifi-
cant effects of glucagon might be due to underdosage
of the drug. Table 6, however, demonstrates that our

Table 5 Mortality rates

Survived Died Total

Operation
Glucagon 1 4 5
Placebo 2 3 5

Conservative treatment
Glucagon 28 0 28
Placebo 29 2 31

Total
Glucagon 29 4 33
Placebo 31 5 36
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Table 6 Preparation and dosage ofglucagon used by
different groups in treatment of acute pancreatitis

Authors Glucagon Daily dose
preparation (mg/24h)

Knight et al. (1971) Soluble 5
Condon et al. (1973) Soluble 7-10
Mercadier et al. (1973) Soluble 7
Holub and Om (1974) Soluble 2-8
Stremmel (1974) Soluble 27
Fleischer and Kaspar (1974) Soluble 6-12
Waterworth et al. (1974) Soluble 20*
Gauthier et al. (1976) Soluble 4
Kronborg et a!. (1976) Soluble 6-7
Fleischer and Kaspar (1974) Protamine-zinc 2 x 5
Holub and Om (1974) Protamine-zinc 2 x 5

*Per 70 kg.

dose of 10 mg daily corresponds well with the
dosages used by those who reported beneficial effects
on the clinical course of the disease and the decline
in enzyme activities. Only two groups used pro-
tamine-zinc glucagon and both reported favourable
results. In addition, we found significant and long
lasting rises in plasma glucagon levels in three
volunteers after intramuscular injections of 5 mg
protamine-zinc glucagon (Fig. 3). Thus, the dosage
chosen by us seems to be a reasonable one. Un-
favourable effects which could have been attributed
to glucagon administration were not observed.
As far as mortality rates are concerned, our

numbers of patients are not high enough to allow
the definite conclusion that glucagon is not effective
in acute pancreatitis. From our results, however, and
those of the groups in Denmark and France, we have,
at least, to conclude that favourable effects of

31
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glucagon upon the course of acute pancreatitis-if
they exist-are not significant.
Glucagon has been introduced into the therapy of

acute pancreatitis because 'setting the gland to rest'
is generally accepted to be of benefit in this disorder
and glucagon is known to inhibit exocrine pan-
creatic secretion. Its inhibitory effect has been firmly
established upon the stimulated glands of both
patients with pancreatic fistulas (Zajtchuk et al.,
1967) and healthy volunteers (Dyck et al., 1970;
Steffen et al., 1972). It is, however, not known
whether glucagon exerts the same effect upon the
acutely inflamed gland, and earlier reports gave
evidence that it does not inhibit the secretory pattern
of the unstimulated gland (Jarett and Lacy 1962;
Kaess et al., 1968). Thus, the theoretical concept
underlying glucagon therapy in acute pancreatitis
has to be questioned. Furthermore, there is no proof
that any of the other drugs known to inhibit exo-
crine pancreatic function is of benefit in acute
pancreatitis (Duff and Bode, 1976).

Addendum

After this manuscript had been prepared the first
results of the MRC multicentre trial of glucagon and
aprotinin were published. Mortality in 68 patients
suffering from acute pancreatitis and treated with
glucagon was not altered compared to 123 controls.

We are greatly indebted to Professor G. A. Martini
who stimulated us to perform this study and gave
helpful advice. We are grateful to Dr G. Albrecht,
Institut fur Medizinische Statistik und Dokumenta-

/
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Fig 3 Plasma glucagon levels after injection of 5 mg protamine-zinc glucagon in three patients without pancreatic
disease (arrow: time of injection).
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tion der Universitat Marburg, who performed the
statistical analysis of our data. We wish to express
our gratitude to Dr L. G. Heding, Copenhagen, who
performed the determinations of plasma glucagon
levels, and to Dr 0. Jacobi and Dr I. Schipp, Novo
Industrie GmbH, Mainz, who supplied us with
protamine-zinc glucagon. The technical assistance of
Mrs U. Wittkamp and Mrs M. Junck is gratefully
acknowledged.
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