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Lundh test and ERCP in pancreatic disease
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SUMMARY The Lundh test and endoscopic retrograde cholangiopancreatography (ERCP) were
used to investigate 40 patients with known or suspected pancreatic disease. Pancreatograms were
classified as being normal or showing minimal or gross changes. There was good correlation between
the two tests in assessing the degree of pancreatic disease (p < 001). Gross radiographic changes
were associated with a mean tryptic activity (MTA) of < 6 IU/ml, while minimal changes were
associated with an MTA between 6 and 14 IU/ml. Although some patients with normal pancreato-
grams had MTAs within this range, no patients with an MTA above 14 IU/ml had an abnormal
pancreatogram. The Lundh meal is of great value in detecting extensive pancreatic disease and an
unequivocally normal result virtually excludes significant chronic pancreatic disease. Values in the
equivocal range usefully draw attention to early pancreatitis which may be confirmed by ERCP.
In this paper the interpretation of pancreatograms is discussed and the clinical features of the
patients with minimal change disease are reviewed.

The Lundh test is well established as a simple means
of assessing pancreatic exocrine function and it has
been shown to have a good diagnostic success rate in
detecting severe pancreatic disease, (Lundh, 1962;
Cook et al., 1967; Mottaleb et al., 1973; James,
1973; Waller, 1975a). Most workers have defined the
test as being normal or abnormal on the basis of a
specific diagnostic parameter (usually mean tryptic
activity) below which gross pancreatic disease seems
certain. There has been difficulty in the interpretation
of equivocal results marginally above this parameter
because there appears to be a wide range of normality
and because non-pancreatic conditions-for example,
gastric surgery and coeliac disease-may give results
within this range. It has not been established whether
the Lundh test can detect moderate or minimal pan-
creatic disease. Indeed, it has been suggested that
extensive damage must be present before pancreatic
exocrine function is significantly diminished and that
severe focal pancreatic damage may occur without a
reduction in exocrine secretion (Waller, 1975b). In
this regard, the direct stimulation tests (secretin or
secretin/pancreozymin tests) have been thought to be
more sensitive in detecting mild pancreatic damage
(Gyr et al., 1975), while the Lundh test has been
shown to be just as effective in the diagnosis of gross
pancreatic disease (Gyr et al., 1975; Waller, 1975a).
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Pancreatography, on the other hand, shows a wide
spectrum of structural changes in pancreatic disease
(Kasugai et al., 1974; Cotton, 1977), but caution is
required in interpreting minor radiographic abnor-
malities and there may be considerable observer-
variation in the reporting of pancreatograms
(Reuben et al., 1976; Cotton, 1977; Kizu et al.,
1977). Salmon etal. (1975) showed a good correlation
between pancreatic function tests and pancreato-
graphy and suggested that both investigations could
detect minimal-change pancreatitis. Nakano et al.
(1974) found considerable discrepancy between
morphological and functional tests. Dobrilla et al.
(1976) showed a good correlation between pancreato-
gram abnormalities and the secretin-pancreozymin
test but the correlation occurred only in patients
with proven chronic pancreatitis. We have used both
tests in the investigation of patients with known or
suspected pancreatic disease.

Methods

PATIENTS
The patients investigated were those with symptoms
suggestive of pancreatic disease who were referred
for ERCP. The main symptoms were abdominal
pain, diarrhoea, clinical steatorrhoea, unexplained
weight loss, jaundice, diabetes mellitus of late onset,
and patients who had had previous acute or recurrent
pancreatitis.
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LUNDH TESTS
This was performed on the day before ERCP, except
in one instance, and the two-hour mean tryptic
activity (MTA) in IU per ml was estimated using the
method described by Cook et al. (1967).

PANCREATOGRAMS
Only successful pancreatograms with satisfactory
filling of the duct system were accepted. These were
reviewed independently by two observers with
experience of 300 examinations. The pancreatograms
were reviewed without clinical information and
knowledge of the outcome of the Lundh test. Where
there was disagreement, a third experienced opinion
was used to arbitrate. A modification of the classifi-
cation of Kasugai et al. (1974) was used to grade the
pancreatograms into normal, minimal change, or
gross change (Table 1). The main difference between
this classification and Kasugai's was that the inter-
mediate category of 'moderate' change was omitted

Table 1 Criteria used to assess pancreatograms
(modified from Kasugai (1974))

Assessment ofpancreatograms

Gross change Minimal change

Main duct
Irregular calibre + +*
Stenosis with dilatation +
Obstruction +
Dilatation +
Calculi +
Cysts + _

Branch ducts
Dilatation ++ +
Nipping + + +
Irregular calibre ++ +
Irregular distribution ++ +

Parenchyma
Coarse opacification +

*Segmental.

and the terms 'rigidity' and 'tortuosity', which can
be confusing when describing duct abnormalities,
were avoided. Thus, the features taken as indicative
of gross change were (1) main duct abnormalities in
the head or body in the form of either irregular
dilatation ('chain of lakes' appearance) or, less com-
monly, irregular narrowing; or localised stenosis
with dilatation of the main duct beyond; or complete
obstruction; (2) marked abnormalities of the side-
branches throughout the whole gland; (3) coarse
opacification of the whole gland, which is distinct
from the fine acinar filling in the head, which may
occur in normal subjects due to overfilling of the duct
system or by the cannula being impacted in a side
branch in the head of the gland; (4) calculi or cysts.
Any one of these features was accepted as evidence

of gross change but in practice (3) was not observed
in the absence of other features. The signs of minimal
change were (a) calibre irregularity of the main duct
confined to the tail or segmental narrowing without
dilatation beyond; (b) focal side-branch abnor-
malities, less marked than in gross change, but
affecting at least three branches. These changes were
'nipping' at the origin of side branch from the main
duct, loss of tapering, frank dilatation, abrupt
truncation or irregular distribution-that is, abnor-
mal course and branching pattern. (Note that the
word 'change' was used rather than disease because
morphological rather than pathological features were
assessed, although overall correlation is likely-see
discussion.)

All results were compared using the Mann-Whitney
U test, a non-parametric method for two indepen-
dent samples (Siegel, 1956).

Results

Forty patients underwent both successful Lundh test
and pancreatography. The pancreatograms were
assessed independently and on only five occasions was
there disagreement between the two observers (Table
2). Nineteen patients had normal pancreatograms, 10
patients minimal change pancreatograms, and 11
patients gross change pancreatograms. Only one
patient in the latter group had pancreatic calcification
on the plain control abdominal radiographs. The
MTAs of the three groups are shown in the Figure.

Table 2 Results ofpancreatogram assessment by two
observers

Pancreatogram assessment

Normal Minimal Gross

Agreement in 35 17 7 11
Disagreement in 5 - 4 >--- 1 - >
Third opinion 2 3
Total 19 10 11

NORMAL PANCREATOGRAMS
Nineteen patients had normal pancreatograms and
their MTAs ranged from 6-9 IU/ml to 26 IU/ml with
a mean of 15-4 IU/ml. However, if the distribution is
considered log/normal (Mottaleb, 1973) the mean is
14-6 IU/ml with a theoretical range between 7 0 and
30 IU/ml (antilog of log mean ± 2 log SD). The
clinical features are shown in Table 3.

MINIMAL CHANGE PANCREATOGRAMS
Ten patients had minimal change pancreatograms
and their MTAs ranged from 5-0 to 13A4 IU/ml with
a mean of 9 0 IU/ml (log mean 8-7 IU/ml; log range
4X6 to 16 IU/ml). These results were statistically
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different from those of the patients with normal
pancreatograms (p < 0O01) (Mann-Whitney U test).
The clinical features of these patients are shown in
Table 4.

OL Normal Minimal Gross
Change Change

Figure The two hour MTA (IU/ml) of the patients
grouped according to pancreatogram findings. The lines
shown represent the arithmetical mean of each group.

GROSS CHANGE PANCREATOGRAMS
Eleven patients had gross pancreatic disease on
pancreatography, and their MTAs were correspond-
ingly depressed, ranging from 6-3 to less than 2-0
IU/ml (mean 3-2 IU/ml, log mean 2-8 IU/ml). These
results were statistically different from those of both
the normal and minimal change disease patients
(p < 0-01, Mann-Whitney U test).
The clinical features are shown in Table 5.

Discussion

Our study confirms that there is a good correlation
between pancreatography and the Lundh test in
assessing the degree of pancreatic damage. In
particular, it shows that there is a significant
depression (p < 0-01) of the measured mean tryptic
activity in those patients wlth minimal changes on
pancreatography as compared with those with nor-
mal pancreatograms; the Lundh test is able to
detect minimal pancreatic damage but, unfortunately,
in doing so, it cannot absolutely differentiate this
condition from normal. Pancreatography is required
to help establish the presence of minimal pancreatic
disease. Thus when the Lundh test is used to investi-

Table 3 Clinical features ofpatients with normal pancreatograms

Patient Age Sex Abdominal Previous Jaundice Weight Other MTA Comment
(yr) pain acute loss IU/ml

pancreatitis

1 WG 23 M + 27 Response to high fibre diet
2 SN 42 F + + Diarrhoea 17-2 Operation: Meckel's normal

pancreatic histology
3 CN 56 F + + 16-5 Operation: neoplastic lymph nodes

at porta hepatis
4 AM 27 M Diarrhoea 8-8
5 KP 48 M Diarrhoea 19-0 Subtotal villous atrophy
6 CG 49 F + 20
7 JW 56 M + 7-1 Gallstones. Lundh performed after

ERCP
8 EB 40 F Diarrhoea 12-3 Jejunal biopsy: demonstrated

hypolactasia
9 EH 69 F + 6-9 Operation: gallstones
10 NW 63 F + 13 4 Operation: choliangio carcinoma
11 PG 23 M + 13-0
12 PB 63 F + 18-0
13 PW 59 M + 18-2
14 LG 35 M + Diarrhoea 17-0
15 JC 24 F + Previously abnormal 9-2 Operation: normal pancreatic

Lundh Test histology
16 MW 29 F + 18-6
17 PC 41 M PUO 15-7 Operation: gallstones
18 FL 44 M + 19-0
19 MH 35 F + Previous vagotomy 16-0
Average
age (yr) 44 Mean MTA 15-4
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Lundh test and ERCP in pancreatic disease 913

Table 4 Clinical features ofpatients with minimal change pancreatograms

Patient Age Sex Abdominal Previous Jaundice Weight Other MTA Comment
(yr) pain acute loss IU/mi

pancreatitis

1 NB 42 M + + 6-7
2 MW 63 F + + 5-0
3 TG 68 M + + Previous biliary surgery 9 0
4 RW 48 M + + Late onset diabetes 11-2

mellitus, duodenal
ulcer

5 RS 53 M + + Late onset diabetes 8-8
mellitus, previous
truncal vagotomy

6 JP 49 M + + Clinical steatorrhoea 7-2 Papilloma ofampulla with focal
pancreatitis at operation

7 DF 55 F + Previous biliary 13-4
surgery, duodenal ulcer

8 LM 24 F + Diarrhoea 7-1
9 HG 63 F + + Late onset diabetes 13-2

mellitus, primary
biliary cirrhosis

10 JE 53 M + High alcohol 9-2
consumption

Average
age (yr) 52 Mean MTA 9 0

Table 5 Clinical features ofpatients with gross change pancreatograms

Patient Age Sex Abdominal Previous Jaundice Weight Other MTA Comment
(yr) pain acute loss IU/mi

pancreatitis

1 JL 45 M + + + Pancreatic mass at 2-6 Carcinoma ofhead ofpancreas at
first laparotomy 2nd operation

2 JS 16 M + + + Ulcerative colitis 2 Total colectomy. Abnormal pancreas
at operation

3 AM 56 F + Osteomalacia. Faecal 3-4
fat 211 mmol/24 h.
Normal small bowel
biopsy

4 CG 51 F + Clinical steatorrhoea. 2
Normal small bowel
biopsy

5 PR 49 M + + Diuretic therapy 6-3 Stricture in body ofgland
6 FH 50 M + Late onset diabetes 2

mellitus with change to
insulin therapy and
clinical steatorrhoea

7 MS 42 M + + + Alcohol XS previous 2
ampullary
sphincterotomy

8 TS 30 M + + AlcoholXS 2 5
9 HV 50 M + + Palpable epigastric 3-3 Operation. Carcinoma ofhead of

mass pancreas
10 ML 53 M + + Previous colectomy for 5 0 Operation. Primary carcinoma of

carcinoma ofrectum pancreas
11 FL 47 M + + 2-0 Operation. Chronic pancreatitis
Average
age (yr) 44 Mean MTA 3-2

gate suspected pancreatic disease a result which falls
within the 'equivocal' range (6-14 IU/ml) cannot be
discounted as irrelevant and should be regarded as a
reason for further investigation by pancreatography.
This is contrary to the previous concept of reporting
Lundh tests as either normal or abnormal (or positive
or negative). Most workers (Cook et al., 1967;
Mottaleb et al., 1973; Zietlin and Sircus, 1974) found
that some of their patients with proven pancreatic

disease gave results above their defined abnormal
range but they make no reference to the actual
severity of the condition. Similarly, they suggest that
some results falling just above their grossly abnormal
range are in fact abnormal, but in discussion they
emphasise other non-pancreatic conditions which
may give results within this range. The range of
normality is wide (Waller, 1975a) and Mottaleb et al.
(1973) found that normal subjects (including healthy
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controls) had a log-normal distribution with a
mean of 16-8 IU/ml and a range of 7 0 to 38 IU/ml
(antilog of (log mean ± 2 log SD)) which, on a
linear scale, means the distribution is skewed
positively towards lower values. This inevitably
means that there is overlap between normal and
minimally abnormal; our study confirms this (our
study log mean 14-56, range 7-0-30 IU/ml). The
results presented heie show that an MTA below 6-0
IU/ml indicates severe structural changes within the
pancreas.
Endoscopic pancreatography is a relatively new

technique in the investigation of pancreatic disease
but it has already established itself as a valuable
diagnostic tool. There are, however, some problems
with the interpretation of the pancreatograms.
Reuben et al. (1976) showed that there was a sig-
nificant observer-variation, particularly in regard to
differentiating pancreatitis from carcinoma when
clinical details are withheld. Kizu et al. (1976)
showed that not all apparent abnormalities in the
pancreatogram are significant; his, however, was a
necropsy study, which may not necessarily reflect the
clinical situation. Cotton (1977), in a recent excellent
review of ERCP, concludes that earlier diagnosis of
chronic pancreatitis required better documentation
of minor pancreatographic changes, and their
compaiison with other investigations.

Bearing these points in mind, we have reviewed our
pancreatograms as described above. There was good
agreement between the two observers (Table 2) but,
as one would expect, problems mainly arose in
differentiating 'normal' from 'minimal change'.
Although minor changes in branch ducts may be
difficult to assess and different observers may not
agree in specific cases, the results show that they are
associated with diminished exocrine function. This is
not surprising. Nakamura et al. (1972) has shown
that pathological changes progress from small ducts
to larger ones and it is to be expected that early
chronic pancreatic disease will show minor changes
in the side branches only.
The clinical features of the normal group are

shown in Table 2 and in no instance has a diagnosis
of chronic pancreatic disease been established
subsequently. Seven patients had an ultimate
operative diagnosis with three patients having gall-
stones, two patients neoplastic biliary disease, and
two patients had normal pancreatic histology
obtained during laparotomy. A further patient was
shown to have subtotal villous atrophy and another
patient, who had a low lactase level on analysis of
jejunal mucosa, subsequently had a good sympto-
matic reponse to a lactose free diet. One patient
subsequently had a good response to a high fibre
diet, leaving nine patients without an established
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diagnosis.
Four patients with pancreatograms assessed as

normal had MTAs well into the equivocal range (< 12
IU/ml). Of these, one patient (patient 7), an exception
in this study, had the Lundh test performed the day
after ERCP; at operation, gallstones were confirmed
and the pancreas felt normal. Pancreatography may
have temporarily depressed exocrine function.
Another patient (patient 15) had been investigated at
a different hospital where the Lundh test was also
found to be equivocal. Laparotomy subsequently
revealed a macroscopically normal pancreas and
pancreatic biopsy showed normal histology. A
third patient (patient 9) had suffered three episodes
ofacute pancreatitis and has since been found to have
gall stones. The fourth patient (patient 4) has a raised
faecal fat (20 mmol/24 h) but other investigations
have all been normal. It seems probable, on clinical
grounds, that one of these patients at least has
genuine chronic pancreatitis missed at pancreato-
graphy. Pancreatograms show ductal abnormalities
only and therefore the tendency will be to under-
diagnose rather than overdiagnose with this
technique.
The clinical features of the patients with minimal

change disease are summarised in Table 3. There is
strong clinical evidence of chronic pancreatitis in six
patients. Five of them had at least one documented
attack of acute pancreatitis and subsequently
continued to have abdominal pain (no patient was
investigated within three months of an acute
episode). These patients probably have chronic
relapsing pancreatitis; two of them were diabetic.
The sixth patient underwent laparotomy and was
found to have focal pancreatitis around a papilloma
in the head of the pancreas. The clinical evidence for
pancreatitis in patients 7-10 is less persuasive.
Kizu et al. (1977) found that calibre changes of

branch ducts were much more common in old age-
that is, >60 years-and may have no diagnostic
significance. However, the average age of the patients
in the minimal change group was 52 years; only three
patients were over 60 years old. This was only slightly
older than both the average of the normal and gross
change group (44 years) and age alone is therefore
unlikely to be a significant factor in determining
these pancreatogram abnormalities.
The clinical features of patients with gross change

disease are shown in Table 5. Five patients came to
laparotomy, three having carcinoma confirmed and
two showing chronic pancreatitis. The average age
was 44, the same as the normal group but slightly
younger than the minimal change group. In two
cases (patients 7 and 8) the clinical picture was of
recurrent acute pancreatitis, associated with high
alcohol intake, but the Lundh test showed exocrine
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Lundh test and ERCP in pancreatic disease 915

insufficiency in both patients, confirming the
diagnosis of chronic relapsing pancreatitis.
An effective, non-invasive test for pancreatic

disease is urgently needed for patients presenting
with abdominal symptoms; those currently available
are expensive and time-consuming and still leave a
large number of patients in an equivocal group.
Apart from our failure to provide patients with an
explanation for their symptoms, our knowledge of
the pathogenesis of pancreatitis must remain sketchy
if we are unable to reach a diagnosis earlier in the
history of the illness. The group of patients we have
reported with minimal disease represents only a small
proportion of the total number of patients with early
pancreatitis, which is difficult to diagnose. There may
be even larger numbers with asymptomatic disease, a
study of which might lead to a better understanding
of the disease process.

We would like to thank the Leeds Teaching Hospital
Special Trustees for providing financial support for
the radiographic assistance needed in this study.
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