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Clinical Correlations with Pancreatic Function Tests
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HPHE secretin test of pancreatic function was
¦*- introduced by Lagerlof-1 The diagnostic value
of the original test and of its various modifica-
tions is still not clearly established.2,3 The
addition of pancreozymin stimulation to the
original procedure was considered by Sun and
Shay4 and Burton et al.5 to be of value, although
Dreiling and Janowitz2 do not consider it adds to
the diagnostic accuracy. Sun and Shay,4 and Bur¬
ton et al.Q and Fitzgerald7 suggested that analysis
of serum lipase and amylase after secretin and
pancreozymin injection was useful in uncover-

ing disease causing pancreatic duct obstruction.
Recently Raskin et al.8 reported that the search
for tumour cells in the centrifuged duodenal
juice was extremely useful in the detection of
pancreatic, hepatobiliary and gastric carcinomas.

In the present report we have reviewed our

experience over a four-year period of 160 secre-

tin-pancreozymin tests, with serum enzyme and
cytology studies, and have related the results to
the subsequent clinical course of the patients,
and to the findings at operation or autopsy.

Methods
A double-lumen gastroduodenal tube was

passed through the mouth and positioned under
radiographic control. The "gastric'' portion of
the tube was positioned in the antrum of the
stomach with the distal tip of the "duodenal"
portion at the ligament of Treitz. Intradermal
tests of sensitivity to secretin and pancreozymin,
one in each forearm, were performed. A slow
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intravenous drip of normal saline was estab¬
lished for withdrawal of blood samples and for
injection of the pancreatic stimulants. Blood was
drawn for fasting amylase and lipase estimation;
and duodenal juice was collected for 30 minutes.
Secretin, 1 unit per kg. body weight, was in¬
jected intravenously over 3 to 5 minutes and
four collections of juice for 20 minutes each were
made. At the end of 80 minutes blood was again
withdrawn for estimation of amylase and lipase;
90 units of pancreozymin was then administered
intravenously, and a further 30-minute collection
of juice was obtained. Forty minutes after the
injection of pancreozymin, blood was again
drawn for amylase and lipase determination.
The duodenal juice and blood were kept on ice
until analyzed; an aliquot of the juice was centri¬
fuged, and the sediment was fixed with alcohol
and sent to the pathology department for rou¬
tine cytology.

Bicarbonate was estimated by the Van Slyke
method,9 amylase in blood and duodenal juice
by the Somogyi method,10 and pH on a Beckman
pH meter. Bilirubin was estimated by the van
den Bergh method9 and lipase in the serum

was estimated by the method of Cherry and
Crandall.11
Twenty normal male subjects aged 20 to 65

years were studied, as well as 160 patients in
whom there were clinical grounds for suspecting
pancreatic dysfunction. These patients ranged
in age from 17 to 85 years and the sex distribu¬
tion was almost equal.
Results and Discussion
Duodenal Juice Volume, Amylase and
Maximal Bicarbonate Concentration
The ranges of values for the duodenal juice

found in the 20 control subjects are shown in
185
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Table I. Although the ranges were quite broad
for most of the parameters, the results were

fairly evenly distributed throughout these
ranges. Therefore, the lower limit of the range
rather than the mean was considered appropri-
ate as the differentiating point between normal
and abnormal. None of the control subjects
showed significant skin reactions to the stimu-
lants. It was common in the control group as

well as in the patient group to have some mild
abdominal discomfort after the injection of pan¬
creozymin. However, no serious side effects
occurred in either group.

TABLE I..Ranges of Values of Tests in 20 Normal
Subjects Aged 20 65 Years

Duodenal juice
Volume after stimulation. 1.7 - 3.7 c.c. per kg.

pH. 8.0-9.0
Amylase. 4000 12,000 units per kg.
Maximal bicarbonate. 67.5 - 88.5 mEq. per litre

Tests were attempted in 160 patients. They
were abandoned in 15: five would not accept
the tube; in four the tube failed to pass the
pylorus after 2y2-3 hours; five had positive pan¬
creozymin skin tests; and one had a positive
secretin skin test. In the remaining 145 patients
in whom the test was completed, 75 tests were

designated abnormal in that at least one of the
three major components of the juice (volume,
bicarbonate and amylase concentration) fell be¬
low the range of our normal subjects (Table II).
TABLE II..Results of Tests on Duodenal Juice in

145 Patients after Pancreatic Stimulation

No.of
patients Volume Bicarbonate Amylase

70.Normal Normal Normal
32. Low Low Low

11.Normal Low Low
12.Normal Low Normal
17.Normal Normal Low
1.Low Normal Low
2.Low Low Normal

Tests Showing Normal Values.70 Patients
(Table III)
Of the 70 patients with all three of the above-

mentioned values in the normal range, 20 had
subsequent laparotomy and in all but one the
pancreas was found to be normal. In the one

exception there was a small insulinoma of the
body of the gland. Four additional patients died
of unrelated causes and were found to have no

pancreatic disease at autopsy. A further 25 of
these patients have been followed up from one
to three years with no subsequent clinical evi¬
dence of pancreatic disease. Twerity-one patients
have not been adequately followed up to deter-

TABLE III..Subsequent Findings in 70 Patients
whose Duodenal Juice Following Pancreatic

Stimulation was Within Normal Range in Volume,
Bicarbonate and Amylase

Pancreas normal at laparotomy. 20
Pancreas normal at autopsy. 4
Asymptomatic at follow-up. 25
No follow-up. 21

mine the presence or absence of pancreatic dis¬
ease. Therefore, in all of the 48 patients for
whom we have data the test correlated very
well with the clinical findings.

Tests Showing Three Abnormal Values.
32 Patients (Table IV)
Sixteen of the 20 patients with chronic pan-

creatitis were diagnosed by the typical gross
findings at laparotomy or autopsy, although sur¬

gical biopsy of the gland was performed in only
two. Each of the other four patients had a long
and typical history associated with radiographic
evidence of pancreatic calcification; two of them
also had steatorrhea and diabetes.
The four patients with carcinoma of the pan¬

creas were diagnosed at laparotomy. In two, the
neoplasm was localized to the head of the gland
and in the remaining two it was more extensive.
Two patients, who had had partial gastrec-
tomies, were investigated because of severe mal-
nutrition; in one, the diagnosis of chronic pan-
creatitis was made at laparotomy and in the
other, at autopsy. The third patient with a

partial gastrectomy was lost to follow-up.
There were two cases of hyperparathyroidism

confirmed at operation (with removal of the
adenomas). One patient was later found to
have chronic pancreatitis localized to the head
of the gland, causing obstructive jaundice. The
other patient has not as yet had an abdominal
exploration.

Six patients listed as having no known disease
have recovered and have no apparent clinical
disease of the pancreas or of the upper gastro¬
intestinal tract. Four of them were operated
upon and no abnormalities were found. These

TABLE IV..Subsequent Findings in 32 Patients
whose Duodenal Juice Following Pancreatic

Stimulation was Below Normal Range in Volume,
Bicarbonate and Amylase

Patients with proved pancreatic disease. 24
Chronic pancreatitis. 20*
Carcinoma. 4

Others. 8
Partial gastrectomy. 1
Hyperparathyroidism. 1
With no known disease. 6**
*Two of these had had gastrectomies and one had

hyperparathyroidism.
**Two of these were lost to follow-up and so it is not

known whether they had any disease.
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are considered as false positives. Two patients
have been lost to follow-up. Therefore, four of
the 32 tests have been considered to have given
false-positive results as far as supplying evidence
of extensive pancreatic dysfunction is concerned.
Despite this the finding of abnormal values for
these three measurements is considered good
evidence of pancreatic disease.

Tests Showing Abnormal Amylase and
Bicarbonate.11 Patients (Table V)
The diagnoses were established at laparotomy

in six of these patients and at autopsy in three.
The patient with intestinal lymphangiectasia
subsequently died; an autopsy was not per¬
formed. The patient with hemochromatosis was

diagnosed by clinical features and liver biopsy.
Therefore, in only one of 11 patients with this
pattern of abnormality of the test was the test
misleading.
TABLE V..Subsequent Findings in 11 Patients

whose Duodenal Juice Following Pancreatic
Stimulation was Below Normal Range in Bicarbonate

and Amylase
Carcinoma of the pancreas. 4
Chronic pancreatitis. 3
Carcinoma of lower end of bile duct. 1
Intestinal lymphangiectasia. 1
Hemochromatosis. 1
False positive. 1

poor prognosis. Our two patients have re-

sponded well to therapy.
In this group with only an abnormally low

bicarbonate concentration, there may have been
only one patient with pancreatic dysfunction.a
patient with recurrent pancreatitis. Therefore,
this single abnormal measurement is not con¬

sidered a good indicator of pancreatic disease.
This is not in keeping with the findings of
Dreiling, Janowitz and Perrier,3 who consider
that the reduction of bicarbonate concentration
is the most sensitive sign of early pancreatic
dysfunction.

Tests Showing Abnormal Amylase Only.
17 Patients
Six of these patients have been lost to fol¬

low-up; of the remaining 11, only two had
lesions which may have interfered with secretion
of pancreatic juice; both had an obstruction at
the lower end of the common bile duct, one due
to stone and one to carcinoma. Of the remaining
patients, two had extensive liver involvement
with hepatomas, one each had mesenteric vascu¬

lar insufficiency, gastric ulcer and no disease at

laparotomy; four patients had no laparotomy,
and have remained well. Therefore, this single
deficit is not considered a reliable indicator of
pancreatic disease.

Tests Showing Abnormal Bicarbonate Only.
12 Patients (Table VI)
The majority of these had had a previous

partial gastrectomy and were referred for inves¬
tigation of vague abdominal pain; none had
clinical or laboratory evidence of malabsorption.
It is difficult to interpret the significance of this
single finding since tube placement is difficult
and prevention of gastric juice mixing with the
duodenal juice is impossible. Such mixing results
in neutralization of juice bicarbonate. Therefore
pancreatic function may have been normal in
these patients.
The two patients with sprue may fall into the

small percentage of such cases reported to have
associated pancreatic dysfunction reported by
Dreiling, Janowitz and Perrier3 and more re¬

cently by Creamer and Pink.12 The latter authors
consider this complication of sprue to have a

TABLE VI..Findings in 12 Patients whose Duo¬
denal Juice Following Pancreatic Stimulation

was Below Normal Range in
Bicarbonate Only

Partial gastrectomy. 8
Sprue. 2
Recurrent pancreatitis. 1
No lesion at operation. 1

Tests Showing Other Combinations of Results

Only one patient had marked reduction in
volume and amylase with normal bicarbonate
concentration. This patient was found to have
chronic pancreatitis at laparotomy. Two patients
had reduction in volume and bicarbonate, but
unfortunately we have no follow-up information
on them.

Duodenal Juice Bilirubin Response to
Pancreozymin
All of the 20 control subjects and all but 24

of the 145 patients tested had at least a five-fold
increase of bilirubin concentration in the duo¬
denal juice after pancreozymin. Most responses
were much higher than this. Patients with no

response are shown in Table VII.
All but one patient had sufficient biliary tract

disease to explain the results. In the single ex-

ception, the gallbladder could not be visual-
ized after dye was administered orally. At lapa¬
rotomy, however, no disease of the gallbladder
or biliary tract was found.
The measurement of bilirubin in duodenal

juice after stimulation, however, is a useful con-

firmatory test of biliary function.
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TABLE VII.-DIAGNOSES IN PATIENTS WITH NO
BILIRUBIN RESPONSE TO PANCREOZYMIN

Cholelithiasis and cholecystitis .................... 11
Complete biliary obstruction ......................5
Previous cholecystectomy ........................6
Choledochoduodenal fistula ......... .............. 1
False positive ................................... 1

The Serum Enzyme Response to Secretin and
Pancreozymin
Many authors have advocated the use of the

serum enzyme tests after pancreatic stimulation
as an indicator of pancreatic disease.4 6,7 Our
experience with the test in 20 controls and in 25
of the 145 patients is shown in Tables VIII
and IX respectively. The test was normal in the
remaining 105 patients.

TABLE VIII.-RANGE OF SERUM ENZYME RESPONSES TO
SECRETION AND PANCREOZYMIN IN 20 NORMAL SUBJECTS

AGED 20 TO 65 YEARS

Amylase Lipase
units/100 ml. units/100 ml.

Fasting .................. 57 - 113 0.5 - 1.1
Post secretin............... 97 - 291 0.9 - 1.5
Post pancreozymin ........ 97 - 291 0.9 - 1.5

Table IX shows the type of patient in whom
a rise in enzymes might be expected. It is obvi-
ous that in the majority of our patients no such
rise occurred. We therefore believe that this test
is of no value.

TABLE IX.-SERUM ENZYME RESULTS AFTER
PANCREATIC STIMULATION

No rise Rise

Chronic pancreatitis ............... 13 3
Carcinoma of pancreas ............. 8 1

Routine Cytology
In none of the 11 patients with carcinoma of

the pancreas, liver or biliary tract were tumour
cells reported on routine cytological examina-
tion. In a number of these the cells seen had
disintegrated. Raskin et al.8 carried out cyto-
logical examination immediately and had much
better results. We conclude that our technique
of cytological examination was probably un-
satisfactory.

Pancreatic function tests with mea-
Summary surement of gastric juice volume,

amylase and maximal bicarbonate concentrations
were performed on 145 patients suspected of having
pancreatic dysfunction. In 70 the tests were nor-
mal; adequate follow-up was possible in 48 of
these patients and the results were confirmed in
these.

The tests were a useful indicator of pancreatic
disease in those patients showing more than one
abnormal result in the three tests. Patients with only
one abnormal value had little evidence of pan-
creatic disease, and it is concluded that one ab-
normal value is a poor criterion for detection of
dysfunction.
The bilirubin response to pancreozymin has

proved to be a valuable indicator of biliary tract
disease.

Serum enzyme response to stimulation was of no
value in diagnosing disease of the pancreas.

Routine cytological examination was not success-
ful in demonstrating tumour cells in patients in
whom carcinoma of the pancreas or contiguous
organs was subsequently proved.

R Des tests de la fonction pancr'atiqueRe'sume .pnr
avec mesure du volume du suc gas-

trique, de l'amylase et des concentrations maximum
de bicarbonate ont ete pratiques chez 145 malades
soup,onnes d'avoir un trouble fonctionnel du pan-
creas. Les epreuves ont ete normales chez 70
d'entre eux; il a ete possible d'en suivre convenable-
ment 48 et les resultats ont ete confirmes chez
ceux-ci.

Les epreuves ont constitue un indice utile de
pathologie pancreatique chez ceux des malades qui
presentaient plus d'un test anormal sur les trois.
Les malades n'ayant qu'un seul test anormal ne
presentaient que peu de signes de dysfonctionne-
ment *pancreatique et les auteurs en concluent
qu'une seule valeur anormale repr6esente un critere
mediocre pour deceler le trouble fonctionnel.
La reaction de la bilirubine au pancreozymine

s'est montree come indication precieuse d'une ma-
ladie du tractus biliaire.
La reaction 'a la stimulation de l'enzyme serique

n'a eu aucune valeur pour diagnostiquer la maladie
du pancreas.

Les examens cytologiques periodiques n'ont pas
permis de mettre en evidence la presence de cellules
tumorales chez des malades dont le cancer du pan-
creas ou des organes contigus a cependant ete con-
firme subsequemment.
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