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Abstract
Aim: To clarify whether post-procedural administration of
protease inhibitor can reduce the incidence of post-endoscopic
retrograde cholangiopancreatography (ERCP) pancreatitis as
effectively as pre-procedural administration.
Patients and methods: Five-hundred and seventy patients
who had undergone ERCP-related procedures were included in this
study. The patients were randomly assigned to two groups: the postprocedural administration of nafamostat mesilate group (group A,
312 patients) and the pre-procedural administration group (group
B, 258). The frequency of post-ERCP pancreatitis was compared
between the two groups.
Results: The two groups were similar with regard to patient
characteristics except for body weight, the frequency of therapeutic
procedures, and procedure time. The overall incidence of postERCP pancreatitis was 2.3%. There was no statistically significant
difference in the frequency of post-ERCP pancreatitis between
groups A and B (1.9% vs. 2.7%, relative risk 0.55, confidence interval
0.48-4.1).
Conclusion: Post-procedural administration of nafamostat
mesilate showed a similar preventive effect against post-ERCP
pancreatitis compared with pre-procedural administration.
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Introduction

Administration of NM for all patients who are to undergo
ERCP-related procedures for pharmacological prevention of
post-ERCP pancreatitis is a costly treatment strategy. If postprocedural administration of NM can reduce the incidence
of post-ERCP pancreatitis as effectively as pre-procedural
administration, post-procedural administration of NM can be
substituted for pre-procedural administration for prevention of
post-ERCP pancreatitis with efficient use of NM only for high-risk
patients.
The aim of the present study was to clarify whether postprocedural administration of NM can reduce the incidence
of post-ERCP pancreatitis as effectively as pre-procedural
administration.

Patients and methods
Study population

Endoscopic retrograde cholangiopancreatography (ERCP) is
a useful diagnostic and therapeutic modality for pancreatobiliary
diseases, but pancreatitis is a serious complication of this
procedure. Administration of gabexate mesilate was reported to
have been effective for preventing pancreatitis in a prospective
randomized controlled trial involving 418 patients; the incidence
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of pancreatitis was reduced eightfold in the treatment group as
compared with the placebo group (2% vs. 16%) [1]. Nafamostat
mesilate (NM) is reportedly 10-100 times more effective in
the inhibition of protease activity than gabexate mesilate[2].
In addition, the half-life period of NM is longer than that of
gabexate mesilate (23 minutes vs. 55 seconds), which may be
advantageous in terms of drip infusion [3]. In a recent study by
Yoo et al.[4], administration of NM before ERCP was found to
reduce the frequency of post-ERCP pancreatitis as compared
with the placebo group (2.8% vs. 9.1%).

Between April 1999 and March 2002, ERCP-related procedures
were performed in 2134 patients with pancreatobiliary diseases
at Sendai City Medical Center. All procedures were performed
by five operators with the experience in ERCP in more than 500
cases. Patients 18 years of age or older were enrolled in this
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study. Exclusion criteria were as follows: (1) previous endoscopic
sphincterotomy (EST) or endoscopic papillary balloon dilation
(EPBD), (2) hyperamylasemia, (3) allergy to NM, (4) emergent
case, (5) no informed consent, or (6) pregnancy or breast-feeding.

Study protocol

Patients who satisfied the criteria were randomly assigned to
either the post-procedural administration group (group A) or the
pre-procedural administration group (group B) in a double-blind
fashion by a third party (nurses). Randomization assignments
were performed by the third party before study enrollment by
using the block randomization method (block size, 200). They
opened sealed opaque envelopes on the day before the procedure,
and a patient being allocated to either of the groups following the
instruction. Patients were randomized equally to both groups
(1:1 allocation), and trial design was parallel type. In group A,
patients received infusion of 20 mg of NM for 6 hours beginning
within 3 hours after ERCP. In group B, patients received infusion
of 20 mg of NM for 6 hours beginning 1-3 hours before ERCP.
The details of the drip infusion pattern are shown in Table 1. The
dose of NM was decided according to the public insurance rule by
the Japanese government for preventing post-ERCP pancreatitis.
The endoscopists who performed ERCP and took care of patients
after the procedure were unaware of allocation information until
the end of the study.
Written informed consent was obtained from all the patients.
This study was approved by the Institutional Review Board of
Sendai City Medical Center.

Endoscopic procedures and patient care after the
procedure

Before endoscopic procedures, all patients were given a
standard premedication consisting of intravenous administration
of pentazocine (7.5-15 mg) and diazepam (3-10 mg) or midazolam
(3-10 mg), the doses depending on age and tolerance. The
procedures were carried out with side-viewing duodenoscopes
(JF200, 230, 240: Olympus Medical Systems Co., Tokyo, Japan).
Patients continued fasting after the procedure for a minimum
of 18 hours with drip infusion of 2000 ml and remained in the
hospital for at least 24 hours. All patients received infusion of
antibiotics (cefoperazone–sulbactam, 2 g/day) for two days.
Serum amylase levels (reference range, 54-168 IU/L) were
measured before the procedure and 3, 6, and 18-24 hours
afterward. Symptoms (abdominal pain, nausea, etc.) and other
physical findings such as abdominal tenderness and fever were
prospectively evaluated during the hospital stay.

Endpoints

The primary endpoint was the frequency of post-ERCP
pancreatitis. A diagnosis of post-ERCP pancreatitis was made
based on the presence of abdominal pain at 18-24 hours after the
procedure associated with an increase in serum amylase level
greater than three times the upper normal limit. The severity of
pancreatitis was classified according to the modified consensus
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Table 1: Drip infusion pattern.
Group A

Solita-T No.3 500 ml (3 hr)

Solita-T No.3 500 ml + NM 10 mg (3 hr) Solita-T No.3 500 ml (3 hr)
Solita-T No.3 500 ml + NM 10 mg (3 hr)
Group B

Solita-T No.3 500 ml + NM 10 mg (3 hr) Solita-T No.3 500 ml (3 hr)
Solita-T No.3 500 ml + NM 10 mg (3 hr) Solita-T No.3 500 ml (3 hr)
Table 2: Patient Characteristics.
No. of the patients

312

258

ns

1.6 : 1

ns

Age (yrs)

62 ±14

61 ± 14

Body weight (kg)

61 ±12

59* 11

0.0258

Pancreatic cancer

21

21

ns

13

16

ns

15

ns

Gender (male:female)

1.6 : I

Diagnoses

Chronic pancreatitis

24

Intraductal papillary
mutinous neoplasm
Bile duct stone

Bile duct cancer

Gallbladder stone

Gallbladder cancer
Other

Pancreatography
Cholangiography

Therapeutic procedures
Procedure time (min)

ns: not significant

ns

22

46

ns

44

11

125
8

ns

85

ns

7

ns

64

59

241(70%)

193(75%)

Procedures
241/266
(91%)

82(26%)
22± 12

Table 3: Post-ERCP pancreatitis.

ns
ns

197/218 (90%)

ns

95 (37%)

0.0068

25 ± 13

0.0039

Group A
(n = 312)

Group B
(n = 258)

RR (95% C.I.)

6 (1.9%)

7 (2.7%)

0.55 (0.48-4.1)

Moderate, 2

-

-

Mild, 4

Mild, 7

-

ERCP, endoscopic retrograde cholangiopancreatography; RR, relative
risk; C. I., confidence interval

criteria as mild if prolongation of the planned hospitalization was
within 1-3 days, moderate for hospitalizations 4-10 days long, and
severe for hospital stays of more than 10 days, as well as in cases
with hemorrhagic pancreatitis, phlegmon, or pseudocyst[5].

Sample size calculation

Based on the pilot study,1 the frequency of post-ERCP
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pancreatitis in patients who did not receive infusion of protease
inhibitor (PI) was estimated to be 8%, that of post-ERCP
pancreatitis by infusion of PI being expected to be 2%. Each
group required 277 patients to achieve a 80% power with type
I error rate (α) set at 0.05. The results were subjected to intentto-treat analysis.

Statistical analysis

Data were expressed as mean ± standard deviation. Fisher’s
exact probability test, Student’s t-test, and the Mann-Whitney
U test were used for statistical analyses where appropriate. A
P value less than 0.05 was regarded as significant. Statistical
analysis was performed with StatMate III (ATMS Co. Ltd., Tokyo,
Japan) and StatView Ver.5.0 (SAS Institute, Cary, NC, USA).

Results

During the study period, 2134 patients underwent ERCP
at our institution. Among them, 1564 were excluded from the
study due to the following reasons: no informed consent, 869;
previous EST/EPBD, 478; emergent case 145; hyperamylasemia,
72. Consequently, 570 patients were enrolled in this study. By
means of the sealed envelope method prepared by a third party,
312 and 258 patients were allocated to group A and to group B,
respectively (Figure 1).
Characteristics and diagnoses of the patients are shown in
Table 2. There was no significant difference in age, gender ratio,
success rate of bile/pancreatic ductography, or the diagnoses
between the two groups. The mean body weight in group A was
significantly higher than that in group B (P = 0.026). The mean
procedure time in group A was significantly shorter than that
in group B (P = 0.0039). The frequency of therapeutic ERCP in
group A was significantly lower than that in group B (P = 0.0068).
Pancreatitis occurred in 2.3% (13 patients: mild, 11; moderate,
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2) of the 570 patients enrolled in this study. In 6 patients of
group A who developed pancreatitis after the procedure, the
pancreatitis was mild in 4 and moderate in 2. On the other hand,
7 patients in group B developed post-ERCP pancreatitis (mild,
7). There was no significant difference in the frequency of postERCP pancreatitis between the two groups (1.9% vs. 2.7%,
relative risk 0.55, confidence interval 0.48-4.1) (Table 3). All the
patients who suffered from post-ERCP pancreatitis improved
with conservative therapy.

Discussion

Since the frequency of post-ERCP pancreatitis is 2-9% [6-8]
prevention of this particular complication is not necessary in
the majority of patients who undergo ERCP-related procedures.
Although there is a lack of consensus on the pharmacological
prevention of post-ERCP pancreatitis with Pis[9-15],
administration of such drugs is approved in Japan. Young age,
female gender, difficulty of bile duct cannulation, pancreatic
sphincterotomy, papillary balloon dilatation, prior ERCP-induced
pancreatitis, and sphincter of Oddi dysfunction are considered
to be risk factors for post-ERCP pancreatitis[16]. As easily
imaginable, proper selection before the procedure of patients at
high risk for post-ERCP pancreatitis, other than those of young
age and female gender, and those having experienced prior
ERCP-induced pancreatitis, is difficult. Administration of PIs for
all patients who are to undergo ERCP-related procedures for
pharmacological prevention of post-ERCP pancreatitis is a costly
treatment strategy.
The present study was conducted to clarify whether postprocedural administration of NM can reduce the incidence
of post-ERCP pancreatitis as effectively as pre-procedural
administration. The results showed that there was no significant
difference in the frequency of post-ERCP pancreatitis between the
post-procedural group and the pre-procedural group. Moderate

Total number of ERCPs (n=2134)
1564 excluded before randomization
(869) no informed consent;
478 previous EST/EPBD;
145 Emergent case;
75 hyperamylasemisa)

570 patients randomized

312 allocated to post- procedural group
(Group-A)

258 allocated to pre-procedural group
(Group-B)

Figure 1: Trial Profile of the study.
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pancreatitis occurred only in 2 patients of the post-procedural
group. Although pre-procedural administration of NM may have
reduced the severity of post-ERCP pancreatitis, post-procedural
administration of NM can be substituted for pre-procedural
administration for prevention of post-ERCP pancreatitis with
efficient use of NM only for high-risk patients.

Since post-ERCP pancreatitis does not always occur in
patients at high risk, early recognition of pancreatic damage after
the procedure is indispensable for endoscopists who perform
ERCP-related procedures. Testoni et al[17] reported that the
level of serum amylase measured 4 hours after EST was the most
reliable predictor of post-ERCP pancreatitis, as more than twothirds of cases of pancreatitis occurred among patients whose
4 hours amylase level was higher than five times the normal
upper limit. Gottlieb et al[18] found that a 2-hour serum amylase
level of less than 276 U/L (normal: <114 U/L) had a negative
predictive value of 97% in predicting post-ERCP pancreatitis and
proposed an algorithm for discharge management after ERCP
that incorporated this finding. We have prospectively evaluated
the relationship between the changes of serum amylase level and
post-ERCP pancreatitis in 1291 patients in a previous study[19].
The frequency of post-ERCP pancreatitis was closely related to
the degree of increase in the serum amylase level at 3 h after
the procedure. Therefore, it is expected that the administration
of NM based on the serum amylase level can contribute to the
efficient usage of NM.

Our study has some limitations. First, the doze of NM (20
mg/day) was small compared with that in previous studies. The
health insurance system of Japan, however, covers the costs of
this drug up to 20 mg per day. Second, setting a control group
without administration of NM would have been preferable
to clarify whether NM can reduce the incidence of post-ERCP
pancreatitis. It is, however, out of the scope of the present study.
Third, risk factors for post-ERCP pancreatitis as well as the
detailed data regarding post-procedural treatment for prevention
of pancreatitis could not be analyzed due to 1insufficient data
collection. Fourth, there were significant differences in body
weight, frequency of therapeutic procedures, and procedure
time between the two groups. As mentioned above, multivariate
analysis regarding risk factors for post-ERCP pancreatitis
could not be analyzed due to insufficient data collection. These
differences may have influenced the frequency of post-ERCP
pancreatitis. Fifth, the present study was performed more than
10 years ago. The indications for ERCP, endosocpic techniques,
and post-procedural treatment in this study may be different
from those in present setting. Despite these limitations, our
study can be recognized as significant for efficient administration
of NM for prevention of post-ERCP pancreatitis. Post-procedural
administration of NM for prevention of post-ERCP pancreatitis
can contribute to adequate selection of patients and reduction of
medical cost.
In conclusion, post-procedural administration of NM did
not show inferiority of prevention of post-ERCP pancreatitis
compared with pre-procedural administration. Further
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comparative trials are necessary for establishment of proper
usage of PIs for prevention of post-ERCP pancreatitis.
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