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The Lundh test in the diagnosis of pancreatic disease:
A review of five years' experience
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SUMMARY An analysis of 523 Lundh tests performed on 492 patients over a five-year period has
been made. The results suggest that the test is a simple, cheap, and reliable procedure for the diag-
nosis of pancreatic exocrine insufficiency, and is suitable for both specialized units and general
hospitals. It is particularly useful in the differential diagnosis of patients with steatorrhoea or
obstructive jaundice and can often distinguish between malignant and benign lesions, as well as

indicating the site of the obstruction. It is of lesser value in the diagnosis of abdominal pain.

The measurement of the mean tryptic activity in
duodenal juice following a standard liquid test meal
(Lundh, 1962) has been shown to be a useful index
of exocrine pancreatic function in selected patients
(Lundh, 1962; Cook, Lennard-Jones, Sherif, and
Wiggins, 1967; Levin, Youngs, and Bouchier, 1972;
Lurie, Brom, Bank, Novis, and Marks, 1973). The
encouraging results obtained in this department
(Cook et al, 1967) led us to adopt the Lundh test
for the assessment of pancreatic function. We now
review our experience of 523 tests carried out in the
course of routine diagnostic investigation on un-
selected patients with a variety of gastrointestinal
symptoms over a five-year period. The object of
this survey was to assess the value of the routine
use of the Lundh test in the light of the earlier en-
couraging reports.

Methods

Patients were fasted overnight and received no drugs
on the day of the test. Details of the Lundh test and
of estimation of the mean tryptic activity using the
synthetic substrate alpha-N-benzoyl-L-arginine-ethyl
ester (BAEE) have been described (Cook et al, 1967;
Wiggins, 1967) and were followed with two minor
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modifications: flavouring of the test meal was
omitted so that the colour of the aspirate could be
recorded, and the mean tryptic activity of the com-
plete two-hour collection only was measured. The
volume and appearance of the juice and the position
of the tube were carefully noted and recorded on a
special chart at the time of the test.
The notes of all patients who had a Lundh test

between 1 January 1967 and 31 December 1971
have been reviewed and the clinical, biochemical,
radiological, and Lundh test data were abstracted on
to sorting cards. There was no selection of cases, the
clinicians using the test in the routine investigation
of suspected pancreatic disease. Patients in whom
the Lundh test was not satisfactory or whose notes
could not be traced were excluded, and the remainder
were grouped according to the clinical diagnosis
obtaining at the time the notes were reviewed.
An absolute diagnosis of pancreatic disease may be

difficult either to establish or to refute. For the pur-
poses of the present assessment, therefore, the follow-
ing criteria were adopted and were completely in-
dependent of the result of the Lundh test. Non-
pancreatic patients were those in whom ultimately
no evidence of pancreatic disease was found. The
non-pancreatic patients were further subdivided into
three groups: controls, diabetics without steator-
rhoea or pancreatic calcification, and patients who
had undergone, gastric surgery. It is known that
diabetics may have diminished pancreatic exocrine
function (Chey, Shay, and Schulman, 1963), whilst
gastric surgery may affect pancreatic function
(Wormsley, 1972a, b).

Pancreatic disease was considered to be 'proven'
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if there was either (1) x-ray evidence of pancreatic
calcification, (2) operative or necropsy findings of
pancreatic disease, or (3) if the serum amylase was

higher than 1100 IU/1 during an attack of pain. For
the purpose of this study patients who fulfilled
criteria 1 and 2 and did not have carcinoma of the
pancreas were designated as 'chronic pancreatitis'.
Patients in group 3 were classified as having acute
or relapsing pancreatitis, depending on whether they
had one, or more than one, attack of pain associated
with an elevated serum amylase. Patients were as-

signed to the 'suspected' pancreatic disease group if
they had clinical features or barium meal studies
suggestive of pancreatic disease, but had none of the
criteria of 'proven' pancreatic disease as described
above and no definitive diagnosis had been made.
The data were analysed first within these clinical

categories, each patient being represented in the
figures by one value only; the most recent result was
used for those patients who had more than one test.
However, because the presenting symptom is
important in making a diagnosis, a further analysis
with regard to the presenting symptom was per-

formed (Cook et al, 1967), each patient being
considered with respect to only one symptom.
Where more than one symptom was present jaundice
took precedence over steatorrhoea and steatorrhoea
over pain. The results of serial Lundh tests in the
same patient were analysed with respect to time and
clinical features.

Results

Five hundred and twenty-three tests were performed
during the five-year period on 492 patients. Fifty-
eight patients were excluded from the analysis either
because the notes could not be traced (26 patients),
or because the test was technically unsatisfactory
(32 patients, table I). Of the 434 patients included in
this study, 27 had 31 further tests of which six were

unsatisfactory, making the technical failure rate 7%
(38/523 tests, table I).

ANALYSIS WITH REGARD TO THE CLINICAL

DIAGNOSIS

Non-pancreatic conditions
Two hundred and thirty-five patients had no evidence
of exocrine pancreatic disease, were not diabetic, and
had not had gastric surgery: these form the control
group (table II). As there was no difference in the
distribution of the mean tryptic activity in the
various diagnostic categories within this control
group (fig 1), the results were pooled. The combined
data for the control group had a log-normal dis-
tribution, with a mean of 16-8 IU/1 and a range of

Reason for Exclusion No. of Tests No. of False-
Excluded' positive Results

Patient vomited 8 (2) None
Tube badly positioned or
slipped back during study 9'(3) 4
Patient not starved 4 None
Volume not recorded 3 (1) None
Tube passed pylorus but held
up in 2nd or 3rd part
duodenum 33 None
Drugs given 2 None
Failure of stomach to
empty meal 1 None
Pancreatic duct anastomosed 1 None
to stomach 1 None
Zollinger-Ellison duodenum
Tube apparently well placed
pH duodenal contents 2.6 1

32 (6) 5

Table I Results ofLundh tests
'Nos. in brackets = patients in whom a repeat test was available
during five-year period
'Two of these patients had a repeat test after the end of the
five-year period.
'All these patients had carcinoma pancreas.

Excluded

Non-pancreatic
disease

Carcinoma
biliary tree

'Proven'
pancreatic
disease

'Suspected' pan-
creatic disease

Notes not traced
Test unsatisfactory
Controls
After gastric surgery
Diabetes
Bile Ducts
Hepatic Ducts
Gallbladder
Acute pancreatitis
Chronic pancreatitis
Relapsing pancreatitis
Carcinoma head of
Pancreas
Carcinoma body of
pancreas

26 } 58

2352
40 304
29 J

8

4
29
16

23

Si'

Total number of patients

77

45J

58

.434

492

Table II Patients grouped according to clinical
diagnosis

7.0 to 38.0 IU/1 (calculated from the mean ± 2SD).
Mean tryptic activity of 6 IU/1 or less was therefore
indicative of pancreatic exocrine insufficiency.
A further 69 patients (fig 2) with no clinical or

other evidence of pancreatic exocrine disease had
either diabetes (29) or had undergone gastric surgery
(40). As was anticipated, a few of these (two diabetics
and six after gastric surgery) had abnormal mean
tryptic activity.

Pancreatic disease and biliary tract carcinoma
Of the 77 patients with 'proven' pancreatic disease
(including acute and relapsing acute pancreatitis),
46 (60%) had an abnormal mean tryptic activity;
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Fig 2 Mean tryptic activity in 40 patients after
gastric surgery and 29 diabetics.

Fig 1 Mean tryptic activity
(MTA) (plotted on a log scale
inallfigures)for the235control
subjects according to diagnosis.
Horizontal bars to the right of
graph represent the mean
2SD for the whole group.
0 = patients with anabnormal
jejunal mucosa but no recorded
steatorrhoea.

Dotted line represents
published lower limit ofnormal
for healthy controls (Cook et
al, 1967). The thick line is the
lower limit ofnormalfor
patients in the present study.
These lines have the same
meaning in allfollowing
figures.

if, however, only those patients with chronic pan-
creatitis or carcinoma of the pancreas were con-
sidered, the proportion with a mean tryptic activity
of six or less rose to 71% (fig 3). Seventeen of the 23
patients with carcinoma of the head and three of five
patients with carcinoma of the body of the pan-
creas had an abnormally low mean tryptic activity,
whereas all the eight patients with biliary tract
carcinomas had a normal mean tryptic activity.
Nineteen of the 29 patients with chronic pancreatitis
and 6 of the 16 patients with relapsing pan-
creatitis also had an abnormal mean tryptic activity.
In the 'suspected' pancreatic disease group there were
10 patients who, on clinical grounds, clearly had
pancreatic disease and all but one of these patients
had an abnormal mean tryptic activity (fig 3).

ANALYSIS WITH REGARD TO THE PRESENTING
SYMPTOMS

Jaundice
The mean tryptic activity of the 61 patients present-
ing with jaundice are in figure 4. All eight patients
with biliary tract carcinoma and 14 of 23 patients
with carcinoma of the head of the pancreas presented
withjaundice. Seventy-one per cent ofthose with pan-
creatic carcinoma, but none of those with carcinoma
of the biliary tract, had an abnormal mean tryptic
activity. Four of the 16 patients with obstructive
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Fig 3 Mean tryptic activity in patients with carcinoma
ofbiliary tree (8); 'proven' pancreatic disease (77);
and 'suspected' pancreatic disease (45) including
O = patients in whom a firm diagnosis was made on
clinical grounds but who did not fulfil the criteria for
'proven' pancreatic disease.

jaundice due to gallstones had an abnormally low
mean tryptic activity and one a borderline value
but all five patients also had 'proven' chronic
pancreatitis. The only other abnormally low mean
tryptic activity in this group was in a patient with
liver metastases following resection for gastric
carcinoma. His jaundice was due to obstruction
of the bile duct by a secondary carcinoma in the
duodenum close to the ampulla of Vater.
The appearance of the duodenal contents proved

to be of great diagnostic value in this group of
patients. Sixty-five per cent of patients with jaundice
caused by malignant lesions had no bile in the
duodenal contents at any time during the test
compared with only 5% of patients with non-
malignant lesions. Frank blood was present in four
of the 14 cases of carcinoma of the head of the
pancreas.

Fig 4 Mean tryptic activity in allpatients presenting
with jaundice. 0 = diabetes A = 'proven' chronic
pancreatitis. Other diagnoses include five patients
with 'suspected'pancreatic disease.

Steatorrhoea
There was virtually no overlap between patients with
proven pancreatic disease in whom other major
causes of steatorrhoea had been excluded and those
in whom steatorrhoea was not due to pancreatic
disease (fig 5). All but one patient with 'proven'
pancreatic disease had an abnormal Lundh test. The
mean trypsin activity values were well below the
lower limit of normal (6IU/1) and were greater than
21U/1 in only five of the 16 patients in this group. It is
interesting that of these five, two had other possible
causes for steatorrhoea (gastric surgery and a pan-
creatoduodenectomy for Crohn's disease) and in the
remaining three other causes had not been excluded.
It is noteworthy that most patients with clinically
'suspected' but not 'proven' pancreatitis and
steatorrhoea also had very low levels of mean tryptic
activity (fig 5). By contrast, all patients with steator-
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Fig 5 Mean tryptic activity in allpatients presenting
with steatorrhoea. A = patients with 'proven'
pancreatic disease but another possible cause for
steatorrhoea. 0 = diabetics and [] = patients in whom
a firm diagnosis was made on clinical grounds but who
did not fulfil the criteria for 'proven' pancreatic disease.

rhoea associated with villous atrophy had normal
levels (fig 5), including 12 with adult coeliac disease.

Pain
Most patients with chronic pancreatitis or carcinoma
pancreas (12/20) but only a few of those with acute
or relapsing disease (3/13) had abnormal mean

tryptic activities. The only control patient with an

abnormal mean tryptic activity and pain had a lym-
phoma of the terminal ileum but no other findings
to suggest pancreatic dysfunction.

Other symptoms
The distribution of results in this group was unusual.
The mean tryptic activity was normal in all six
patients with 'proven' pancreatic disease whereas
it was abnormal in five of six patients with 'suspected'
pancreatic disorders.

REPEATED LUNDH TESTS
There was close agreement between repeated tests in
patients without pancreatic disease (14 patients, 17
repeat tests, r = 0-82, p <0-001, test interval from
a few days to several years). Clinical deterioration of
pancreatic function in four patients with 'proven'
pancreatic disease was reflected by falling levels in
serial tests.

FALSE-POSITIVE RESULTS
There were only six false-positive results in 523 tests
and four were caused by faulty positioning of the
sampling tube. Repeat tests in these four patients
with the sampling tube correctly placed gave normal
values. Another patient had a gastrinoma of the
duodenum with excessive gastric secretion (table I).
The remaining patient has been discussed previously
(see section headed pain).

Discussion

Most tests used in the diagnosis of pancreatic disease
are time consuming and the results may be difficult to
interpret. The Lundh test has been reported to be a
simple, yet accurate method for diagnosing exocrine
pancreatic insufficiency in selected patients (Lundh,
1962; Cook etal, 1967; Levin etal, 1972; Lurie etal,
1973). We have confirmed and extended the earlier
findings by analysing the results of tests performed
on a much larger unselected population of patients,
who were referred by several clinicians whenever
pancreatic disease was suspected on clinical grounds.
The number of tests reflects the high index of sus-
picion for pancreatic disease among the doctors and
the ready availability of the procedure, while the low
incidence of technical failures underlines the simpli-
city of the technique. We also found that additional
data of diagnostic value may be obtained from in-
spection of the duodenal fluid.

Previous work from this department has suggested
(from data on 14 normal subjects and 30 patients
without pancreatic disease) that the lower limit of
normal for mean tryptic activity was 10 IU/1 (Cook
et al, 1967). The present results, however, based on
235 patients without evidence of pancreatic disease
or diabetes and who had not undergone gastric
surgery, have shown that acceptance of this level
would result in an unacceptable number of false-
positive results. On the other hand, if the tube was
correctly placed in a patient without previous
gastric surgery a mean tryptic activity of 6 IU/1 or
less was diagnostic of pancreatic exocrine deficiency,
only one of the 235 control patients having an
abnormal value. By contrast, 71% of patients with
chronic pancreatitis or carcinoma of the pancreas
had a mean tryptic activity of 6 or less. This result
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is particularly encouraging because the criteria used
for defining 'chronic' pancreatitis in the present
study merely imply some structural damage, not
necessarily associated with exocrine insufficiency,
whilst carcinoma of the pancreas is not always
accompanied by a disturbance of pancreatic exocrine
function. The present study also confirms earlier
findings that steatorrhoea associated with a mean
tryptic activity of 2 IU/1 or less is invariably due to
pancreatic exocrine insufficiency whilst patients
with an abnormal jejunal mucosa (including coeliac
disease) usually have mean tryptic activities above
6 IU/I.
The Lundh test was of practical value in the

management of patients presenting with jaundice,
as it was often possible to deduce the site and the
benign or malignant nature of the obstruction from
theappearance ofthe duodenal contents and themean
tryptic activity. Absence of bile from the duodenal
aspirate throughout the two-hour period almost
always indicated a malignant lesion, but whilst
patients with carcinoma of the hepatic or bile ducts
had a mean tryptic activity 6 IU/1, most patients
with carcinoma of the head of the pancreas had an
abnormal mean tryptic activity. The latter diagnosis
was sometimes suggested by the failure of the tube to
progress beyond the second part of the duodenum
associated with absence of bile in the samples. In
marked contrast bile was rarely absent from the duo-
denal contents in patients with obstructive jaundice
due to benign causes. On the other hand the Lundh
test alone cannot differentiate chronic pancreatitis
from carcinoma of the pancreas but a review of all
clinical and laboratory findings usually gives the
answer. This difficulty may also be experienced with
the secretin/pancreozymin test (Braganza and Howat,
1972) and even laparotomy may not give the answer
in some cases (Trapnell, 1971).
When pain was the sole presenting symptom the

mean tryptic activity did not quite so clearly differ-
entiate pancreatic from other gastrointestinal
diseases. This was not surprising since pancreatic
damage was less extensive in this group and the
patients had no clinical evidence of pancreatic
dysfunction. Nevertheless the Lundh test was
diagnostic in 60% of patients with chronic pan-
creatitis and carcinoma pancreas.

In patients who present with pain or jaundice
there remains a region between 7 and 10 IU/1 where
the mean tryptic activities of patients with and with-
out pancreatic disorders overlaps. This is disappoint-
ing but not unexpected. The range of 'normal'
pancreatic function in patients is wide. Protein
deficiency can influence pancreatic exocrine function
(V6ghelyi and Kem6ny, 1962; Tandon, George,
Sama, Ramachandran, and Gandhi, 1969; Tandon,

Banks, George, Sama, Ramachandran, and Gandhi,
1970), and disturbed protein metabolism is likely
to occur in some gastrointestinal diseases. Wormsley
(1972b), for example, attributes the low preoperative
pancreatic exocrine function in patients with gastric
ulcer to possible malnutrition. Moreover in the
absence of duct obstruction considerable pancreatic
damage may be present before abnormal exocrine
function becomes apparent. Other tests of pancreatic
disease which rely on pancreatic exocrine function
do not appear to be more helpful in this situation.
We have found that the Lundh and secretin/pancreo-
zymin tests give comparable results (Waller, Kapp,
Mottaleb, Noguera, Kellock, and Wiggins, 1972;
Kapp et al, in preparation) and other workers
report similar findings (Lurie et al, 1973). Duodenal
levels of radioselenium following intravenous Se75
methionine also correlate well with the mean trypsin
concentration but do not yield additional infor-
mation (Youngs, Agnew, Levin, and Bouchier,
1971a), whilst pancreatic scans rarely increase
diagnostic accuracy unless a localized lesion is
present and false-positive scans are not infrequent
(Youngs, Agnew, Levin, and Bouchier, 1971b;
Bouchier, 1972).
We have found the Lundh test to be a practical

procedure involving only a simple intubation with a
single-lumen tube, which is well tolerated by sick
patients. Vomiting is unusual but some workers
prefer to give metoclopramide before intubation
(Levin et al, 1972). Although this drug apparently
has no effect on pancreatic secretion in animals
(Delcourt and Wettendorff, 1968), there are no data
in man at present and therefore it is probably
advisable either to give metaclopramide to all patients
having a Lundh test or to none. As no injections are
required, medical supervision can be limited to
screening the tube at the beginning and end of the
study, or during the test if the nurse suspects the
tube may have slipped back. The cost of the materials
is low (about 0.7p for each Lundh meal) and no
elaborate equipment is needed. Specimens can be
stored at -20°C without deterioration for at least
four weeks (Cook et al, 1967) and require only one
duplicate estimation. The diagnostic success rate is
very reasonable and false-positives are unlikely
if the sampling tube is correctly positioned. We
would suggest that the Lundh test is suitable for the
diagnosis of pancreatic insufficiency in gastroin-
testinal units as well as in general hospitals. It should
be borne in mind that it is not suitable for basic
physiological studies of pancreatic function.
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their patients for the test. Our thanks are due to
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supervising the tests; to Mrs Wendy Lamble and
Mr Raymond Sapsford for technical assistance, and
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