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Part II Patients with gastrointestinal and pancreatic disorders

SUMMARY Gastrointestinal disease other than hepatobiliary and pancreatic disorders was associated
with hourly rates of urinary amylase excretion above the limits of normal for control subjects (88
IU/hour compared with 69 lU/hour). In hepatobiliary disease, excretion rates of more than 88 but
usually less than 190 IU/hour were sometimes found. Whilst rates of urinary amylase excretion were
not helpful in the diagnosis of chronic pancreatitis or carcinoma of the pancreas, levels above 190
IU/hour were found in acute pancreatitis at a time when the serum levels were also diagnostic. After
the acute episode the rate of urinary amylase excretion was moderately elevated for up to six days
but did not reach diagnostic levels. Persistent elevation of serum amylase and lipase levels and
hourly rates of urinary amylase excretion for more than six days suggested that a pseudocyst had
developed. In acute pancreatitis the level of serum lipase was more frequently raised and persisted
so for longer than either the serum or urinary amylase.
Although the hourly rate of urinary amylase excretion is of little value alone, when performed in

conjunction with evaluating the serum amylase and lipase it may provide useful additional
evidence ofpancreatic disease and it could be useful in the diagnosis of relapsing chronic pancreatitis.

In Part I of this paper we have shown that the
hourly rate of urinary amylase excretion in a group
of 190 control subjects had a log normal distribution
with an upper limit of normal of 69 lU/hour. In
renal dysfunction the rate of urinary amylase
excretion did not always reflect the serum levels of
amylase. We now compare the hourly rates of
urinary amylase excretion in a variety of gastro-
intestinal conditions, including hepatobiliary and
pancreatic disorders, in an attempt to decide whether
determinations of the rate of urinary amylase
excretion is of value in the diagnosis of pancreatic
disease.

Methods

Patients with gastrointestinal disorders but no
evidence of renal disease admitted to a medical ward
over a period of 15 months were grouped as suffering
from pancreatic, hepatobiliary, and other gastro-
intestinal diseases. One patient with fulminating
pancreatitis accompanied by acute renal failure was
also included. The biochemical variables studied and
the methods used for analysis have been described in
Part I of this paper. Patients with suspected pan-
creatic disease had several estimations of serum
amylase, lipase, and hourly rate of urinary amylase

Age Total Group Males Females
Groups
(Yr) No. of Urinary Serum No. of Urinary Serum No. of Urinary Serum

Patients Amylase Amylase Patients Amylase Amylase Patients Amylase Amylase
(IU/hr) (IU/I) (IU/hr) (IU/l) (IU/hr) (lU/I)
Mean (actual Mean ± SD Mean (actual Mean + SD Mean (actual Mean i SD
range) (actual range) range) (actual range) range) (actual ranige)

10-19 1 12 1421 - - - 1 12 142'

20-29 1S 16 1291 4 16 125 + 29 11 16 1311
(28-61) (28-323) (7-25) (95-171) (2-61) (29-323)

30-39 18 19 167 ± 65 8 21 177' 10 17 161 ± S1
(3-55) (38-275) (7-32) (38-276) (3-55) (86-228)

40-49 19 19 146 ± 53 7 18 162 ± 67 12 19 137 ± 53
(7-53) (38-256) (743) (38-256) (12-53) (67-228)

50-59 27 18 152 ± 61 13 21 156 ± 76 14 16 148 ± 46
(2-77) (57-342) (6-64) (57-342) (2-77) (67-238)

60-69 22 19 169 ± 57 11 17 156 ± 57 11 18 173 ± 57
(3-58) (67-266) (3-58) (66-247) (3-52) (95-266)

70+ 8 11 148 ± 46 2 15 1291 6 10 154 i 44
(5-26) (86-200) (14-17) (86-171) (5-26) (95-200)

Total 110 18 154 ± 61 45 19 156 ± 67 65 16 150 ± 57
(2-77) (28-342) (3-64) (38-342) (2-77) (29-323)
3-88' 36-275' 4-90' 23-289' 3-86' 36-264'

Table I Age and sex distribution in 110 patients in the gastrointestinal group

LNos. too few and/or abnormal distribution. 'Mean ± 2SD.
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excretion performed at intervals during their stay in available. The diagnoses, age, and sex distribution
hospital. Only the first value obtained for each for the 110 patients in the gastrointestinal group, the
patient was included in the statistical analysis and 38 patients with hepatobiliary disease, 13 diabetic
scattergrams. patients and 32 patients with pancreatic disease are

shown in Tables I, II, and III.
Results

Two-hour urine collections from 213 patients were
examined, but 22 have been excluded since the value
for either the serum amylase or blood urea is not

GASTROINTESTINAL DISEASE
The distribution of serum amylase and lipase and
hourly rates of urinary amylase excretion is shown
in Figures 1, 2, and 3. The mean rate of urinary

Diagnosis No. ofPatients Urinary Amylase Serum Amylase
(IU/hr) (lU/I)
Mean Mean ± SD
(actual range) (actual range)

Gastric ulcer 13 14 188 ± 42
(3-46) (104-257)

Duodenal uloer 5 19 144 ± 48
(11-53) (86-209)

Postgastrectomy diarrhoea 8 23 173 ± 53
(11-45) (86-247)

Carcinoma stomach 6 14 167 ± 46
(2-58) (95-209)

Hiatus hernia 2 26 1481
(9-77) (143-1 52)

Gastrointestinal haemorrhage 8 15 1271
(3-63) (38-266)

Steatorrhoea 6 32 2131
(21-51) (66-342)

Crohn's disease 9 1S 146 ± 51
(8-64) (57-228)

Irritable bowel syndrome 10 12 160 ± 59
(3-25) (95-276)

Ulcerative colitis 14 15 116 + 44
(741) (38-180)

Other colonic disease 3 15 1581
(5-52) (133-209)

Undiagnosed abdominal pain 19 19 146 ± 49
(7-55) (66-238)

Pregnancy* 3 23 891
(20-26) (29-152)

Miscellaneous 4 28 182 ± 70
(22-32) (95-256)

Table II Urinary and serum amylase in patients in gastrointestinal group
'Nos. too few and/or distribution too abnormal to calculate SD.
'Also had colonic Crohn's disease.

Diagnosis No. ofPatients Age Range in Years

Hepatobiliary Liver secondaries 5
disease Primary biliary cirrhosis 4 38

Alcoholic cirrhosis 5 Male .... 16 15-75
Cryptogenic cirrhosis 4 Female.... 22
Gallstones, cholecystitis 16
Infective hepatitis, lupoid hepatitis, 4
Gilbert's disease

Diabetes Diabetes 13 13
Male ...... 8 21-83
Female. 5

Pancreatic disease Relapsing chronic pancreatitis 4
Chronic pancreatitis 6 32
Subtotal pancreatectomy 3 Male. 19 30-71
Carcinoma pancreas 7 Female. 13
Acute and relapsing acute pancreatitis 10
Pancreatic pseudocyst 2

Table III Diagnosis, sex, and age distribution ofpatients with hepatobiliary disease, diabetes, and pancreatic disease
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Fig. I Serum amylase levels in 110 patients with
gastrointestinal disease (horizontal dotted lines = mean
± 2SD).

Fig. 2 Serum lipase levels in 110 patients with
gastrointestinal disease (horizontal dotted line = upper
limit).

Fig. 3 Hourly rates of urinary amylase excretion for
110 patients with gastrointestinal disease (logarithmic
scale) (horizontal dotted lines = mean ± 2SD).
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amylase excretion was 18 IU/hour with a calculated
range of 3 to 88 1U/hour (Tables I and II). The mean
serum amylase was 154, range 32 to 275 IU/l (Tables
I and II), and the upper limit for the serum lipase
2.0 units/ml. The mean hourly rates of urinary
amylase excretion, the mean levels of serum amylase,
and the upper limits of serum lipase did not differ
significantly in the gastrointestinal patients from the
control group described in Part I of this paper. On
the other hand the distribution of the hourly rates
of urinary amylase excretion around the mean for
the gastrointestinal group differed significantly from
the control group, P < 0.05 (Fig. 3 and Fig. lb in
Part I of this paper).

HEPATOBILIARY DISEASE
The distribution of the hourly rates of urinary

1000

loo0

LU/hour

10

a b c d
Fig. 4 Hourly rates of urinary amylase excretion in
38 patients with hepatobiliary disease (logarithmic scale).
Fig. 4a Hepatic secondaries
Fig. 4b Cirrhosis
Fig. 4c Hepatitis
Fig. 4d Biliary tract disease
(horizontal dotted lines = mean ± 2SD for gastro-
intestinal disease).

amylase excretion are shown in Figure 4. Six patients
in this group had rates of urinary amylase excretion
which exceeded the upper limit observed in the
gastrointestinal group (88 lU/hour).

DIABETES
On admission two diabetic patients had slightly
elevated rates of urinary amylase excretion (104 and
102 lU/hour respectively, Fig. 5d) with normal
serum amylase and lipase levels. In both cases these
rates returned rapidly to normal. The first patient
was an obese male with mild diabetes and a chest
infection but no history of abdominal pain; the
second was admitted with a clinical diagnosis of
diverticulosis but was later found to have a carcinoma
of the transverse colon and an abnormal glucose
tolerance curve. This patient was receiving opiates

iooo-

look

IU/hour

101

a b c d
Fig. 5 Hourly rates of urinary amylase excretion in
pancreatic disease (logarithmic scale).
Fig. 5a Relapsing chronic pancreatitis
Fig. Sb Chranic pancreatis 0, subtotal pancreatectomy
Fig. Sc Carcinoma pancreas
Fig. 5d Diabetes
(horizontal dotted lines = mean 4 2SD for gastro-
intestinal disease).
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at the timne of the initial determination of the hourly
rate of urinary amylase excretion.

PANCREATIC DISEASE
Ten patients had chronic pancreatitis (Fig. Sa and
b), four of whom had relapsing attacks (Fig. 5a).
Two of them were seen in relapse during which one
had a serum amylase level of 1,292 IU/l with a
urinary amylase excretion of 237 lU/hour. The
second patient's serum amylase level was 342 IU/1
with a urinary amylase excretion of 96 lU/hour. Six
of the remaining patients in this group had a urinary
amylase excretion rate of less than 19 lU/hour. Only
one of the three patients who had had a subtotal
pancreatectomy had an hourly rate of urinary

4 f DAY S
1 2 4 6 8 12 14 16 17

Fig. 6 Hourly rates of urinary amylase excretion
(logarithmic scale), serum amylase, and serum lipase in a
patient with acute pancreatitis (no. 1, Table V).
* = hourly rate of urinary amylase excretion

serum amylase
* = serum lipase
(horizontal dotted lines = mean ± 2SD for gastro-
intestinal disease).

amylase excretion below the lower limit of normal
(Fig. 5b, represented as squares).

Seven patients had carcinoma of the pancreas
confirmed at laparotomy or necropsy (Fig. 5c). Only
one patient had an abnormal rate of urinary amylase
excretion, 134 lU/hour, with a serum amylase level
of 295 IU/I and a serum lipase level of 2.4 units/ml.
On the other hand one patient had a normal hourly
rate of urinary amylase excretion with corresponding
serum amylase and lipase levels varying from 186 to
465 IU/l and 1-2 to 3.0 units/ml respectively.

Eight patients had acute pancreatitis, whilst
another had probable mild pancreatitis following the
ingestion of codeine. Figure 6 shows the course of
the three biochemical variables in a man of 46 years
who had had a previous attack of acute pancreatitis
three years and a cholecystectomy two years before.
On the first day of his observed illness he complained
of a short episode of epigastric pain, but clinical
examination and serum amylase and lipase levels and
the hourly rate of urinary amylase excretion were
normal. The next day he was admitted with severe
abdominal pain and the clinical diagnosis of pan-
creatitis was confirmed by marked elevation of the
serum pancreatic enzymes. The rate of urinary
amylase excretion became normal by the seventh
day but was moderately elevated again between the
tenth and fourteenth day during a further episode
of pain. It is interesting to note that the serum
lipase did not return to normal until the seventeenth
day of his illness.
Two women developed pancreatic pseudocysts

following an attack of acute pancreatitis. In one
patient all three biochemical variables remained
elevated for four weeks, whilst in the second the rate
of urinary amylase excretion fell to normal after two
weeks, although the serum amylase and lipase levels
remained raised. In both patients all three bio-
chemical variables fell to normal levels within a day
of cystogastrostomy.
Three men with known relapsing acute pancreatitis

seen after an episode of pain had normal serum
enzymes and hourly rates of urinary amylase
excretion.

CORRELATION BETWEEN THE THREE BIO-
CHEMICAL VARIABLES IN CHRONIC PAN-
CREATITIS AND CARCINOMA PANCREAS
There were 45 simultaneous readings of the serum
amylase and lipase and rates of urinary amylase
excretion in 15 patients. The total number of
simultaneous readings which showed at least one
abnormal variable was 12 (27 %). There were 14
abnormal values, the serum amylase was raised in
six (43 %), the serum lipase in six (43 %), and the
hourly rate of urinary amylase excretion in two

888

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.12.11.884 on 1 N

ovem
ber 1971. D

ow
nloaded from

 

http://gut.bmj.com/


The hourly rate of urinary amylase excretion, serum amylase and serum lipase

(14 %). The serum amylase was elevated on two
occasions when the urinary amylase was normal, the
serum amylase was at the upper limit of normal on
two occasions when the urinary amylase excretion
was elevated but less than 190 IU/hour, whilst the
serum lipase was elevated on four occasions when
neither the serum nor urinary amylase was abnormal.

CORRELATION BETWEEN THE THREE BIO-
CHEMICAL VARIABLES IN ACUTE PANCREATITIS
Twenty-nine simultaneous observations of the serum
amylase and lipase levels and of the rates of urinary
amylase excretion were made in nine patients. The
total number of simultaneous readings which showed
at least one abnormal parameter was 19 (66%).
There were 34 abnormal values: the serum amylase
was elevated on six occasions (32%), the serum
lipase on 17 occasions (89 %), and the hourly rate of
urinary amylase excretion on 11 occasions (58 %).
The urinary amylase excretion rate was elevated, but
below 190 lU/hour on four occasions when the
serum amylase was normal. The hourly rate of
urinary amylase excretion was normal on two
occasions when the serum amylase was increased
but below 950 IU/litre, and the serum lipase was
abnormal on 10 occasions when both the serum and
urinary amylase were normal. (The data from the
two patients with pancreatic pseudocysts have been
excluded from this analysis.)

Discussion

The present study confirms the suggestion made in
Part I that the hourly rate of urinary amylase excre-
tion may be influenced by the presence of gastro-
intestinal disorders other than hepatobiliary and
pancreatic disease. The patients with gastrointestinal
diseases were well matched for age but not for sex
with the control patients described earlier (Part I).
Although in the gastrointestinal group there was an
excess of women, who have a lower rate of urinary
amylase excretion than men, the upper limit for the
urinary amylase excretion was higher (88 lU/hour)
than for the control subjects (69 lU/hour). Moreover
the distribution around the mean rate of urinary
amylase excretion for the gastrointestinal group was
significantly different from the control subjects, but
the subgroups were too small to be able to determine
any reason for this difference. Also the serum amylase
and lipase levels were slightly higher than those for
controls.

Sixteen per cent of patients with hepatobiliary
disease had rates of urinary amylase excretion in
excess of 88 lU/hour, sometimes above 190 lU/hour,
but usually associated with only slightly elevated
serum amylase levels. The rapid uise and fall of the

serum amylase level and rate of urinary amylase
excretion during an attack of biliary colic can be
explained by obstruction of the pancreatic duct.
While hypertrophy of the parotid glands may have
accounted for the elevated serum and urinary
amylase excretion in one alcoholic patient, it is more
likely that it was due to pancreatic disease since the
serum lipase was also increased. The reason for the
abnormally high levels in the other patients, parti-
cularly in the patient with hepatic secondaries from a
bronchial carcinoma, is not obvious. However,
Burton, Hammond, Harper, Howat, Scott, and
Varley (1960) have reported a positive evocative test
in a patient with a carcinoma of the bronchus. It is
conceivable that amylase could be produced by the
tumour. On the other hand metastases to the para-
aortic glands may have involved the pancreas as had
been noted previously (Howat, personal communi-
cation).
Although the number of patients with pancreatic

disease is small, it is apparent that measurements of
the rate of urinary amylase excretion are of little
value in the diagnosis of carcinoma of the pancreas
and chronic pancreatitis. Moreover, we were unable
to confirm previous findings which suggested that
the rate of urinary amylase excretion may remain
elevated for up to 10 days after an attack of acute
pancreatitis (Saxon, Hinkley, Vogel, and Zieve,
1957; Gambill and Mason, 1963). In the present
study urinary and serum amylase were almost in-
variably increased to diagnostic levels (190 lU/hour
and 950 IU/l) concurrently unless renal failure was
present. After the initial rise the rates of urinary
amylase excretion were only moderately elevated,
ie, less than 190 lU/hour, and not for more than two
to six days. Zieve (1961) considered that excretion
rates of less than 1,000 Somogyi units/hour, ie, 190
lU/hour, were not diagnostic of pancreatic disease,
since he found elevations up to this level in other
acute abdominal conditions and we have found
similar high levels in hepatobiliary disease and after
the administration of opiates. Indeed, in the present
study levels above 190 IU/hour were also observed
in conditions other than pancreatic disorders, viz, in
biliary colic, infective hepatitis, and in the presence
of secondary carcinoma of the liver. In the latter two
conditions the clinical picture did not suggest pan-
creatic disease and the elevated serum and urinary
levels were recorded only because this survey was
being carried out. On the other hand prolonged
elevations (at diagnostic levels) of the serum amylase
and lipase levels and rates of urinary amylase
excretion occurred in the two patients with pancreatic
pseudocysts. Similar findings for both serum and
urinary amylase levels have been reported previouisly
(Ebbesen and Schonebeck, 1967).
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In the acute phase of pancreatitis it is clear that
either serum or urine may be taken to establish the
diagnosis, although blood samples are more easily
and rapidly obtained than urine. After the serum
levels have returned to normal, an elevated rate of
urinary amylase excretion suggests but is not diag-
nostic of pancreatitis. It seems likely that determin-
ations of the rate of urinary amylase excretion could
prove useful in relapsing chronic pancreatitis, when
blood cannot be obtained during the acute episode.
Values of over 190 IU/hour in the absence of gall-
stones would be diagnostic. On the other hand, a
persistent elevation of the serum amylase level with
normal rates ofurinary amylase excretion and normal
renal function suggest macroamylaseaemia (Berk,
Kizu, Wilding, and Searcy, 1967). Replacement of
the serum amylase levels by rates of urinary amylase
excretion in the pancreozymin/secretin test has
been suggested (Kirshen, Gambill, and Mason,
1965) but in similar studies we found it was neither
practical nor possible to obtain satisfactory urine
collections from fasting patients (Waller and Ralston,
unpublished observations).

In acute pancreatitis the serum lipase was elevated
more often (89%) and for longer periods of time than
either the serum amylase (32 %) or the rate of urinary
amylase excretion/hour (58 %). At present, however,
the methods for determining lipase are too laborious
and unsatisfactory for routine use; nor has the
specificity of the serum lipase in pancreatic disease
been fully established. Since the serum lipase could
be more valuable than either the serum or urinary
amylase in the diagnosis of pancreatitis it is to be
hoped that the newer pH stat method of lipase
determination (Desnuelle and Savary, 1963; Rick,
1969), now used in our laboratories, will prove more
suitable for routine use than the older method.
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