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Abstract
This study was designed to determine the
extent of pancreatic insufficiency in untreated
coeliac disease and whether pancreatic secre-
tion is impaired after a prolonged gluten free
period. Three groups of patients were studied:
group A comprised 44 patients, mean (SD) age
4-0 (3. 1) years, with coeliac disease and total or
subtotal atrophy of the intestinal mucosa;
group B comprised 67 patients, mean age 4*4
(3.0) years, with coeliac disease but with
normal morphology of the intestinal villi (after
12*9 months of a gluten free diet); group C
comprised 49 control subjects, mean age 3*2
(3.0) years, with normal jejunal histology. In ali
subjects exocrine pancreatic function was
determined by the secretin-caerulein test;
bicarbonate concentration and lipase, phos-
pholipase, and chymotrypsin activity were
measured after an intravenous injection of
secretin 1 clinical unit (CU)+caerulein 75 ng/
kg body weight. Faecal chymotrypsin concen-
tration was also assayed. No significant differ-
ence was found between values ofthe duodenal
output of pancreatic enzymes and bicarbonate
obtained in the three groups; however, 10 of44
untreated coeliac patients showed tryptic or
lipolytic activity, or both, below the normal
limit for our laboratory. The mean value of the
faecal chymotrypsin concentration was signifi-
candy lower in untreated than in treated
coeliac patients (p<0.0001) or in control sub-
jects (p<0.0001). It is concluded that untreated
coeliac patients may have pancreatic defici-
ency independent of a decrease in entero-
hormone release. No primary or secondary
pancreatic insufficiency was found in coeliac
patients where the intestinal mucosa had
returned to normal.

Coeliac disease is characterised by extensive
gluten dependent damage to the intestinal
mucosa. In addition to intestinal malabsorption,
exocrine pancreatic insufficiency has been
observed in untreated coeliac disease,`' which
could reduce the benefits of a gluten free diet. In
several studies it has been reported that this
pancreatic secretion deficit is secondary to a
decrease in enterohormone release due to the
extensive intestinal damage; in particular, a
slight increase in postprandial serum cholecysto-
kinin78 and a decrease in secretin release after

duodenal HC1 infusion9`0 have been observed in
untreated coeliac patients. It has also been
shown, however, that pancreatic function is
directly impaired in conditions of prolonged
malnutrition," and this might also determine a
secretory deficit in patients with coeliac disease.
Furthermore, a deficit in enterohormone

secretion'2 and reduced urinary excretion ofpara-
aminobenzoic acid (PABA) after the PABA test'3
have also been reported in coeliac patients after a
long period on a gluten free diet and after the
histological normalisation of the intestinal
mucosa.
The aims of the present study were (a) to

determine to what extent pancreatic insufficiency
which is not dependent on a decrease in entero-
hormone release affects enzyme secretion in
untreated coeliac disease and (b) to determine
whether, and to what extent, there is a prolonged
deficiency in pancreatic secretion in coeliac
patients after a long gluten free period.

Patients
Over the past three years 340 patients have been
hospitalised in the department of paediatric
gastroenterology for intestinal biopsy. After
obtaining informed consent from their parents,
we selected 160 subjects from among these
patients who then underwent intestinal biopsy
and a simultaneous pancreatic function test. The
patients were divided into three groups accord-
ing to the clinical diagnosis and histological
examination of the intestinal mucosa: group A
comprised 44 patients (15 boys, 29 girls), mean
(SD) age 4.0 (3-1) years (range 6 months-13
years), with coeliac disease and with total or
subtotal atrophy of the intestinal mucosa; group
B comprised 67 patients (37 boys, 30 girls), mean
age 4-4 (3.0) years (range 6 months-14 years),
with coeliac disease but with normal morphology
of the intestinal villi. These subjects underwent
biopsy and pancreatic function tests from 9 to 15
months (mean 12-9 months) after a gluten free
diet. The patients in groups A and B were
diagnosed as having coeliac disease according to
ESPGAN criteria'4 at the end of three diagnostic
phases.
Group C comprised 49 subjects (20 boys, 29

girls), mean age 3-2 (3.0) years (range 6
months-12 years), who were being investigated
for short stature, but who were found to have
normal jejunal histology.
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Methods

FAECAL CHYMOTRYPSIN DETERMINATION
On admission to hospital faecal chymotrypsin
activity was determined at 37°C in two stool
samples of approximately 5-10 g, collected on a

standard diet in all patients, by a photometric
assay (Monotest Chymotrypsin, Boehringer,
Mannheim)." The lower limit for the faecal
chymotrypsin results (mean of the two estima-
tions, each performed on 100 mg of faeces) was

arbitrarily fixed at 7.5 U/g (mean value -2 SD in
our laboratory, estimated on over 300 healthy
control subjects).

SECRETIN-CAERULEIN TEST

Exocrine pancreatic function was determined in
all patients by the secretin-caerulein test accord-
ing to the method of Gullo et al.'6 This test was
performed simultaneously with intestinal biopsy
using a modified version ofthe Taylor tube. 7 The
modification consisted of a small inflatable
balloon for the occlusion of the pylorus to ensure
a complete and exclusive collection of both
gastric and pancreatic juice. The juices were

aspirated at a continuous low pressure (33 to 50
cm water) with a suction pump. This examina-
tion was performed after an overnight fast; the
tube was introduced into the stomach, and the
distal end, under fluoroscopic control, was

placed beyond the ligament of Treitz. The
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Figure 1: Individual duodenal chymotrypsin outputs (in one
oftwo 15 minute samples after secretin+caerulein injection)
expressed in units per ml per minute per kg body weight in the
three groups. Group A: coeliac patients with total villous
atrophy; group B: coeliac patients with normal intestinal
villi; group C: control subjects. Dotted line=low normal
limit.
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Figure 2: Individual duodenal phospholipase outputs (in one
oftwo 15 minute samples after secretin+caerulein injection)
expressed in units per ml per minute per kg body weight in the
three groups. Group A: coeliac patients with total villous
atrophy; group B: coeliac patients with normal intestinal
villi; group C: control subjects. Dotted line=low normal
limit.

patient was then positioned on the left side and 2
ml of a 10 mg/ml solution of bromsulphalein was
injected through the gastric tube so that the
effectiveness of pyloric blockage could be
checked throughout the experiment. Patients
whose duodenal contents contained brom-
sulphalein were excluded from the study.

After a 15 minute basal collection period,
secretin (Sekretolin, Hoechst, Germany) 1
clinical unit (CU)/kg and caerulein (Takus,
Farmitalia, I) 75 ng/kg were slowly injected
intravenously and duodenal juice was collected
into crushed ice during two 15 minute periods.
The parameters for the estimation of exocrine

pancreatic function include volume, pH, and
bicarbonate measured by the back titration
method (Methrom, Suisse); lipase activity was

determined on olive oil emulsion in the presence
of biliary salts'8; phospholipase was assayed on

Mean (SD) values ofduodenal enzyme and bicarbonate
output after secretin-caerulein stimulation (in one oftwo 15
minute samples; the highest value is given) in patients with
coeliac disease with total atrophy of the intestinal mucosa
(group A) and with normal intestinal mucosa (group B) and
in control subjects (group C)

Group A Group B Group C

Chymotrypsin
(U/ml/min/kg) 89-7 (45 9) 84-2 (36 8) 91-4 (43-1)

Phospholipase
(U//mlmin/kg) 12-6(9-9) 12-1 (7.0) 13-0 (7.4)

Lipase
(U/ml/minlkg) 829-9 (855-1) 655-8 (343 2) 789-1 (338.8)

Bicarbonate
(mEg/mi/kg) 47-2 (25 2) 43.9 (16-3) 49.7 (21-3)

None of the differences were significant.
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Figure 3: Individual duodenal lipase outputs (in one oftwo
15 minute samples after secretin+caerulein injection)
expressed in units per mlper minute per kg body weight in the
three groups. Group A: coeliac patients with total villous
atrophy; group B: coeliac patients with normal intestinal
villi; group C: control subjects. Dotted line=low normal
limit.

egg yolk emulsion according to Figarella and
Ribeiro'9; chymotrypsin was assayed on its speci-
fic substrate, ATEE.'0 Bicarbonate and all
enzyme activities were measured immediately
after collection. The enzyme assay yielded results
in units/ml juice. They were converted to give
units/minute/kg, corrected for the volume out-
put and the size of the child; this correction was
also made to calculate bicarbonate output.
The lower limit for bicarbonate and duodenal

enzyme results was arbitrarily estimated equal to
the lowest value obtained in our laboratory on
over 100 healthy subjects in the same age range
as that of the patients studied. Reference values
(U/min/kg; volume output in 15 minutes) in our
laboratory for infants weighing at least 6 kg:
chymotrypsin output (mean (SD)) 95.3 (44.7),
range 42-285; phospholipase 13.3 (9.2), 4-65;
lipase 890 (800), 300-5450. Bicarbonate output
was 46 (32) mEq/ml/kg, range 13-180 mEq/ml/
kg.

SMALL BOWEL BIOPSY
Mucosal specimens, obtained by small bowel
biopsy, were spread on ground glass slides,
immersed in a 10% formol saline solution,
examined under the dissecting microscope, and
prepared for conventional light microscopy.

STATISTICAL ANALYSIS
For data on the duodenal output of pancreatic
enzymes and bicarbonate the Kruskal-Wallis
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Figure 4: Individual faecal chymnotypsin concentration and
mean (SE) values, expressed in units per gram, in the three
groups ofpatients. Group A: coeliac patients with total
villous atrophy; group B: coeliac patients with normal
intestinal villi; group C: control subjects. Dotted line=low
normal limit.

analysis of variance was carried out between the
groups of children. Student's t test was used to
compare the mean values offaecal chymotrypsin.

Results
Mean values for the duodenal output of pan-
creatic enzymes and bicarbonate after secretin-
caerulein stimulation were within the normal
range for our laboratory in the control group and
in both the treated and untreated coeliac
patients. No significant difference was found
between values obtained in the three groups
(Table). Stimulated chymotrypsin outputs, how-
ever, were below the lower limit of normal in six
of the 44 patients with untreated coeliac disease
(13-7%) (Fig 1). Moreover, seven (16%) and six
(13-6%) patients with untreated coeliac disease
had reduced values respectively of below the
lower limit of normal (Figs 2 and 3). Overall, we
recorded a reduction in duodenal output in all the
enzymes studied in two patients, in chymo-
trypsin and phospholipase in two patients, in
phospholipase and lipase in three patients, in
chymotrypsin only in two patients, and in lipase
only in one patient. Reduced lipolytic or tryptic
activity (or both) was observed in 10 of the 44
untreated coeliac patients (22 2%), while none of
the control subjects nor those in the group with
treated coeliac disease had values below the
normal limit for all enzyme activities.

Individual stimulated bicarbonate output was
within the normal range for our laboratory in the
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control subjects and in treated and untreated
coeliac patients.

Figure 4 shows mean and individual values of
faecal chymotrypsin in the three groups. It can be
seen that mean values were over the lower limit
for our laboratory in all groups, but mean values
for untreated coeliac patients were significantly
lower than the mean values for treated patients
(t=6-444, p<00001) and control subjects (t=
5.743, p<00001). Moreover, six patients with
untreated coeliac disease had a faecal chymotryp-
sin value below the lower limit of normal.

Discussion
Exocrine pancreatic insufficiency has been
recognised as accompanying untreated coeliac
disease and it has been suggested that a defective
release of hormonal factors arising from intesti-
nal mucosa determines reduced pancreatic
enzyme secretion." It is known, however, that in
malnutrition there is a deficit in pancreatic
secretion,"'" and since the diagnosis of coeliac
disease is often made when patients are severely
undernourished, it cannot be excluded that the
secretory deficit in this case may not be secondary
to a reduced hormone release.

In our study pancreatic function was deter-
mined using the secretin-caerulein test thus
excluding the possibility that pancreatic function
was reduced by hormone stimulation deficit; it
can be concluded that in 22-2% of the patients
studied with untreated coeliac disease there was
reduced secretion of one or more pancreatic
enzymes not dependent on the intestinal mucosa
damage. Our data, obtained form an extensive
patient population, thus confirm the report of
Regan and Di Magno in their retrospective
study, in which, however, the criteria used to
diagnose coeliac disease cannot be considered
optimal.6
But since it is well known that 10% of normal

pancreatic secretory activity is sufficient to
permit normal digestion22 and since none of the
cases we studied had values below this threshold
it must be considered that this pancreatic insuffi-
ciency alone does not aggravate the malabsorp-
tion that is characteristic of coeliac disease.
Furthermore, the significant decrease that we
found in mean faecal chymotrypsin, but not in
stimulated duodenal chymotrypsin, values in
untreated coeliac patients compared with those
of the control group confirms that the reduction
in endogeneously stimulated pancreatic secretion
is greater than that in the potential pancreatic
secretory capacity.
As far as the patients with treated coeliac

disease are concerned, their pancreatic function
determined by both the secretin-caerulein test
and faecal chymotrypsin assay seems to be iden-
tical to that of the normal control subjects.
Moreover, no subject had faecal chymotrypsin
values below the normal limit, thus confirming
the normalisation of the intestinal hormone-
pancreatic secretion functional axis and exclud-
ing the persistence of secondary insufficiency in
pancreatic secretion. These data contradict the

reported decrease in pancreatic function when
determined by the PABA test in treated coeliac
patients.'3 It must be said, however, that two of
the three patients with reduced PABA concentra-
tions among the 18 patients in that study did not
have a normal intestinal mucosa and that the
determination of urinary PABA excretion can in
itself give false positive results.23

It can be concluded that apart from the
pancreatic secretion insufficiency secondary to a
reduced release of cholecystokinin, secretin, and
other enterohormones, patients with coeliac
disease can also have a pancreatic deficit, most
likely due to the state of malnutrition. Further-
more, we also suggest that after a prolonged
period on a gluten free diet, and therefore after
the normalisation of the intestinal mucosa,
no patient with coeliac disease has pancreatic
insufficiency.
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