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Comparative Study of Bentiromide Test and
Endoscopic Retrograde Pancreatography
in Patients with Chronic Pancreatitis

Jae Bock Chung, Seung Woo Park, Si Young Song,
Young Myung Moon, Jin Kyung Kang, and In Suh Park

We performed a bentiromide test in 25 patients with chronic pancreatitis and 7 normal controls
to evaluate pancreatic exocrine function, and compared the test results of patients with their
endoscopic retrograde pancreatography(ERP) findings. The cumulative 6- hour recoyery rate of
para-aminobenzoic acid(PABA) in the urine was significantly lower in patients with chronic
pancreatitis(55.8 +24.2%) than in controls(82.0 +10.0%). Among 25 patients with chronic
pancreatitis, however, 7 patients showed normal recovery rates of PABA. Pancreatograms of
the patients represented 4 mild changes, 5 moderate changes, and 16 marked changes. The
average 6-hour recovery rates of PABA of the groups were 56.9+21.6%, 78.4£10.5 %, and 47.2
+23.7%, respectively. Urinary PABA recovery rates were found subnormal as follows: 3(75%)
in the mild changes group; 1(20%) in the moderate changes group; and 14(87.5%) in the marked
changes group. We found hardly any correlation between the degree of functional impairment
and the changes noted by ERP. These findings suggest that both the pancreatic function test
and morphologic study are required to evaluate the degree of functional impairment in patients

with chronic pancreatitis.
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Pancreatic exocrine function can be evaluated by
various methods such as Lundh’s meal test, the
pancreozymin-secretin(P-S) test, and the bentiromide
test. The P-S test has been known to be the most
precise method of all(Nakano et al. 1974; Ronly et
al. 1978; Braganza er al. 1982), but it needs duo-
denal intubation. However the bentiromide test, a
pancreatic exocrine function test, does not require
duodenal intubation(Kato et al. 1977; Imamura et al.
1978; Delchier and Soule, 1983; Tanner and Robin-
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son, 1988), and thus inflicts little pain on patients.
A few researchers have reported that the results
of the bentiromide test had a good correlation with
the P-S test(Imamura et al. 1978; Hoek ez al. 1981;
Weizman et al. 1985; Berg et al. 1986). The advent
of endoscopic retrograde pancreatography(ERP) pro-
vided the opportunity to analyze the secretory abnor-
malities of patients with chronic pancreatitis with
reference to alterations in pancreatic ductal morphol-
ogy. A precise relationship between exocrine func-
tional impairment and pancreatic ductal morphology,
obtained by ERP in chronic pancreatitis, has not
hitherto been established. In order to demonstrate its
clinical usefulness, we performed the bentiromide
test in 25 patients with chronic pancreatitis and
compared the results with the ERP findings.
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MATERIALS AND METHODS

Included subjects were 25 patients with chronic
pancreatitis who showed definite pancreatic ductal
morphologic changes by Cambridge classification
(Axon et al. 1984) on ERP performed at Severance
Hospital in Seoul, Korea from 1991 to 1993. Along
with the patients, 7 controls underwent the identical
test. The mean age of patients was 48.0+12.4 years
(ranging from 27 to 75) and the group consisted of
19 males and 6 females. The mean age of controls
was 28.71+9.4 years with 5 males and 2 females.

For 25 patients, using an Olympus JF 20 or JF
200 side-viewing duodenoscope, we carried out ERP
by the standard method. All patients were premedi-
cated with atropine and 60% Urografin was utilized
as a contrast medium. The pancreatograms were cat-
egorized as mild(normal main pancreatic duct and 3
or more abnormal side branches), moderate(abnor-
mal main pancreatic duct and more than 3 abnormal
side branches), or marked(abnormal main pancreatic
duct, more than 3 abnormal side branches and one
or more of: large carvity, obstruction, filling defects,
severe dilatation or irregularity) changes by Cam-
bridge classification(Axon et al. 1984).

The bentiromide test was performed in the usual
way. All drugs were discontinued at least 48 hours
before and during the test. All subjects were made
to fast overnight and voided urine prior to the test.
Under these conditions, N-benzoyl-L-tyrosyl-para-
aminobenzoic acid(NBT-PABA, 15 mg/kg) was ad-
ministrated orally with 200 ml of water. Urine sam-
ples were collected for 6 hours after administration

Table 1. The average cumulative 6-hour PABA recov-
ery rate in urine according to changes revealed by
ERP :

No. of 6-hour urine PABA

cases recovery rate(%)
Control 7 82.0+10.0
Chronic pancreatitis 25
Mild changes . 4 56.9+21.6*
Moderate changes 5 78.4+10.5
Marked changes 16 47.2+23.7*

*: P<0.05 vs. control
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of NBT-PABA. Urinary PABA concentration was
determined by spectrometry under the DACA me-
thod, in which para-dimethylamino cinnamaldehyde
is used as a coloring agent. Then the cumulative
6-hour recovery rate of PABA in the urine was cal-
culated. The results of the bentiromide test were
compared with the pancreatic ductal abnormalities in
each patient.

Kruscal-Wallis test and Mann-Whitney U test
were used to analyze the mean differences. In order
to analyze the relationship between pancreatic ductal
changes and pancreatic exocrine function, linear
regression analysis was carried out.

RESULTS

The cumulative 6-hour recovery rate of PABA in
the urine is shown in Table 1 and Fig. 1. The
patients with chronic pancreatitis had a rate of 55.8
+24.2%, which was significantly lower than that of
the control group(82.0+10.0%). Among the 25 pa-
tients, however, 7 revealed a normal PABA recovery
rate. According to the Cambridge classification, the
pancreatograms of the patients were categorized as
mild changes in 4 patients, moderate changes in 5
patients, and severe changes in 16 patients. In the
mild-changes group, the average 6-hour recovery
rate of PABA was 56.9+21.6% with subnormalities
in 3(75%) patients, while in the marked-changes
group, the average was 47.2+23.7% with subnor-
malities in 14(87.5%) patients. The values of both
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Fig. 1. Distribution of cumulative 6-hour PABA recovery
rate in urine of patients with chronic pancreatitis.
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mild- and marked-changes groups were significantly
lower than those in the control group. In the moder-
ate-changes group, however, the urinary PABA
recovery rate of 78.4+10.5%, with a subnormality
in only 1(20%) patient, implied a statistically insig-
nificant value compared to the control group.
Among the various pancreatogram-based groups,
there was no significant difference in the 6-hour re-
covery rate of PABA in the urine. In addition, the
percent recovery rate of PABA in 25 patients with
chronic pancreatitis had no correlation with the
pancreatic ductal changes obtained by ERP.

DISCUSSION

Among the various pancreatic exocrine function
tests, the traditional pancreozymin-secretin test(P-S
test) is the best-known for its precision. It has been
reported that the P-S test has a sensitivity of 85 to
90%, and a specificity of 80 to 90%(Nakano et al.
1974; Braganza et al. 1982; Malfertheiner et al.
1986). Hayakawa et al. concluded that the results of
the P-S test had a precise relationship with the
pancreatic ductal morphologic changes demonstrated
by ERP(Hayakawa et al. 1992). The test, however,
causes pain to patients because it requires duodenal
intubation. The analytic method is also somewhat
intricate and it is less readily available in insti-
tutions. The bentiromide test used in this study,
reported by Kato et al. has been known as a non-
invasive method for the evaluation of pancreatic
exocrine function(Kato et al. 1977). After being
ingested, NBT-PABA is specifically broken down
by pancreatic chymotrypsin with the liberation of
PABA. Released PABA is absorbed through the
digestive tract and excreted by the kidneys after
conjugation in the liver. Therefore, measurement of
PABA in the urine after administration of NBT-
PABA indirectly reflects exocrine function.

In this study, we administered the bentiromide test
to 25 patients who had shown definite ductal
changes due to chronic pancreatitis on ERP. The
urinary PABA recovery rate was significantly lower
in the patient group than in the control group.
However, 7 patients had a recovery rate of more
than 70% of PABA. Compared to the P-S test or
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Lundh’s test, whose sensitivities are both over 85%,
the bentiromide test seems to be less sensitive
(Delchier and Soule, 1983; Tanner et al. 1984),
which may result from the nature of the test, mea-
suring only the activity of chymotrypsin. Though not
as sensitive or specific as the P-S test, but consider-
ing the fact that the bentiromide test is less annoying
and that it is relatively simple to analyze the speci-
men, the test can be useful for those who are
unsuitable for an invasive diagnostic test. In addi-
tion, the sensitivity and specificity of the bentiro-
mide test can be improved by combined measure-
ment of serum PABA concentration(Weizman et al,
1985; Tanner et al. 1988). In a comparative study,
the results of the bentiromide test were well corre-
lated with that of the P-S or Lundh’s test; Imamura
et al.(1978) reported that bicarbonate concentration
and amylase output measured by the P-S test were
correlated with the 8-hour urinary recovery rate of
PABA, and Hoek et al.(1981) concluded that trypsin
activity measured by Lundh’s test was correlated
with the result of the bentiromide test.

Though not yet established, pancreatic bicarbonate
secretion and digestive enzyme activity appear to
decrease in proportion to the degree of destructive
changes of pancreatic parenchymal tissue observed
in histologic study(Hayakawa et al. 1992). Thus,
some researchers have investigated the possible re-
lationship between ,pancreatic ductal changes, which
are expected to reflect parenchymal damage, and
pancreatic exocrine function. Oguri concluded that a
linear relationship could be found between the
degree of abnormalities in the pancreatograms ob-
tained by ERP and the following: the degree of
reduction of volume output, maximal bicarbonate
concentration, and amylase output measured during
the P-S test(Oguri, 1979). Especially, bicarbonate
excretion was found to have a precise correlation
with ductal changes by Malfertheiner et al.(1986).
Braganza et al. also supported the findings of
Oguri(Oguri, 1979; Braganza et al. 1982). Contrary
to their suggestions, however, Nakano er al.(1974)
reported that a considerable discrepancy existed
between morphological and functional tests and that
the pancreatic function test had no value. Similarly,
Elsborg et al could not find any relationship
between ERP and the P-S test(Elsborg et al. 1981).
In our study, the degree of ductal morphological
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changes had no correlation with the amount of
decrease in urinary PABA recovery. There was also
a wide overlap in the urinary PABA recovery rate
between the various groups categorized by the ERP
findings. For example, only 1 of 5 patients with
moderate ductal changes revealed the decreased
urinary PABA recovery rate, and 2 of 16 patients
with marked changes even revealed a normal recov-
ery rate. If the relationship between ductal changes
and exocrine function impairment is to be. estab-
lished, it is inferred from our results that a compari-
son of exocrine function with pancreatic histology,
as well as with ductal morphologic changes, should
be performed simultaneously. According to Braganza
et al. pancreatic ductal changes were closely asso-
ciated with the amount of bicarbonate output
(Braganza et al. 1982). In addition, Ronly et al.
stated that the output of pancreatic enzyme did not
precisely reflect the exocrine functional impairment
(Ronly et al. 1978). In our study the bentiromide
test, which entirely depends on the pancreatic enzy-
me chymotrypsin, may not have accurately detected
mild functional impairment. As mentioned previous-
ly, some of the patients with relatively preserved
ductal morphology revealed severely impaired ex-
ocrine function, while some with far-advanced
ductal abnormalities revealed the normal exocrine
function. These findings are thought to result from
several factors: first, the disease process of chronic
pancreatitis is inherently uneven(Sarles, 1986); se-
cond, both acinar and ductal structures are not
uniformly affected(Braganza et al. 1975; Sarles,
1986); third, primarily the small duct can be de-
stroyed while the main pancreatic duct is relatively
spared(Braganza et al. 1975); fourth, the adaptive
parenchymal hypertrophy of relatively uninvolved
tissue may compensate the impairment of exocrine
function(DiMagno et al. 1979; Braganza et al
1982). Thus, it can be inferred from this discussion
that both morphologic study of the pancreatic duct
and an exocrine function test are required to eva-
luate the degree of progress in chronic pancreatitis.

In conclusion, the bentiromide test is considered
to be useful in evaluating pancreatic exocrine func-
tion in patients with chronic pancreatitis, especially
those who cannot tolerate an invasive test. However,
because there is a large discrepancy between ductal
morphologic changes and exocrine functional im-
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pairment, it is recommended to conduct both tests
in order to accurately assess the degree of progres-
sion in patients with chronic pancreatitis.
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