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Nafamostat Reduces the Incidence of post-
ERCP Pancreatitis: A Systematic Review and 
Meta-Analysis of Randomized Controlled Trials
István László Horváth1,2, Dénes Kleiner1,2, Rita Nagy1,3,4, Péter Fehérvári1,5, Balázs Hankó2, Péter Hegyi1,4,6 
and Dezső Csupor1,4,7,*

Pancreatitis is the most common complication of endoscopic retrograde cholangiopancreatography (ERCP). As the 
management of pancreatitis is limited, clinical approaches focus on the prevention of post-ERCP pancreatitis (PEP). 
In theory, the serine protease inhibitor nafamostat can reduce circulating inflammatory mediators in pancreatitis. 
We aimed to investigate the effect of nafamostat in the prevention of PEP in this systematic review and meta-
analysis. The protocol for this review was registered in PROSPERO (CRD42022367988). We systematically searched 
5 databases without any filters on September 26, 2022. The eligible population was adult patients undergoing ERCP. 
We compared the PEP preventive effect of nafamostat to placebo. The main outcome was the occurrence of PEP. 
We calculated the pooled odds ratios (ORs), mean differences, and corresponding 95% confidence intervals (95% 
CIs) and multilevel model. The risk of bias was assessed using the Rob2 tool. Seven randomized controlled trials 
involving 2,962 patients were eligible for inclusion. Nafamostat reduced the overall incidence rate of PEP (20 mg, 
OR: 0.50, 95% CI: 0.30–0.82 and 50 mg, OR: 0.48, 95% CI: 0.24–0.96). However, the occurrence of mild PEP was 
significantly reduced only in the subgroup receiving 20 mg nafamostat (OR, 0.49, 95% CI: 0.31–0.77). Overall, 
nafamostat therapy reduced moderate PEP in high-risk patients (OR: 0.18, 95% CI: 0.0.4–0.84) and mild PEP in low-
risk patients (OR: 0.32, 95% CI: 0.17–0.61). Nafamostat is an effective therapy in the prevention of mild post-ERCP 
pancreatitis. Further research is required to determine the cost-effectiveness of this therapy.

Endoscopic retrograde cholangiopancreatography (ERCP) is 
used in the diagnosis and in the treatment of patients with 
pancreatobiliary diseases. The procedure is minimally inva-
sive, but not without risks. Although the overall mortality rate 

of ERCP is around 1%, it is highly dependent on the underly-
ing disease, particularly cancer.1 The leading complications of 
ERCP are bleeding, perforation, and post-ERCP pancreatitis 
(PEP).2,3
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
	; The leading complication of endoscopic retrograde cholan-

giopancreatography (ERCP) is post-ERCP pancreatitis (PEP). 
The pharmacological management of pancreatitis is limited; 
therefore, researches focus on the prevention of PEP.
WHAT QUESTION DID THIS STUDY ADDRESS?
	;We investigated the efficacy of low and high dose nafamo-

stat in the prevention of PEP compared with placebo.
WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
	;We pooled the results from 7 randomized controlled tri-

als involving 2,962 patients. Nafamostat reduced the overall 

incidence rate of PEP, however, the occurrence of mild PEP 
was significantly reduced only in the subgroup receiving 20 mg. 
Furthermore, nafamostat therapy significantly reduced moder-
ate PEP in high-risk patients and mild PEP in low-risk patients.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
	; Clinicians might use nafamostat in low-risk patients ex-

pected to develop mild PEP; however, cost-effectiveness studies 
are required.
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A common definition for PEP is based on the consensus by 
Cotton et al.4 and the revised Atlanta classification for acute pan-
creatitis (AP).5 However, the latest European guideline suggests a 
definition of the condition as “new or worsened abdominal pain 
combined with > 3 times the normal value of amylase or lipase at 
more than 24 hours after ERCP and requirement of admission or 
prolongation of a planned admission.”6 PEP is comparable in sever-
ity to biliary pancreatitis, but less severe than hypertriglyceridemia-
induced AP.7 The overall incidence of PEP ranges from 3.5 to 
9.7%,6 with a mortality rate of around 0.7%. Of all ERCP cases, 
the incidences of mild, moderate, and severe PEP are 6.0%, 3.3%, 
and 0.7%, respectively.8 The precise pathophysiology is not fully 
understood; however, several risk factors have been identified. 
Physical (mechanical, thermal, and hydrostatic), chemical (con-
trast agent and enzymatic), and patient-related (female sex, history 
of PEP, and sphincter of Oddi dysfunction) factors can contribute 
to the development of PEP.9 Physical damage can occur during the 
procedure, for example, the prolonged manipulation of the papil-
lary orifice, or difficult cannulation, causing papillary edema. This 
process inhibits the outflow of the pancreatic juice and thus leads 
to pancreatitis.9 The type of contrast agent might cause osmolality-
induced and ionic toxicity; however, a recent analysis found no sig-
nificant difference between the types of agents.10

There is no recommended treatment for acute pancreatitis11 and 
PEP; therefore, the focus shifted toward preventative measures, 
such as the use of appropriate techniques and patient selection 
based on risk factors, or consideration of prophylactic duct stent.9 
As chemoprophylaxis, only aggressive hydration and the combina-
tion of indomethacin and nonsteroidal anti-inflammatory drugs 
have been proven to be effective.12 Protease inhibitors can inhibit 
several pancreatitis-related mediators and might show effectiveness 
as prophylactic agents, but the evidence is controversial or scarce.13 
Despite the lack of evidence, Seta et al.14 reported a significant in-
crease in the prescription of these drugs in Japan.

The serine protease inhibitor nafamostat is an approved drug in 
South Korea and Japan for the treatment of AP and disseminated 
intravascular coagulation with a general dose of 10 mg once or 
twice a day. It had promising results in the past in the prevention of 
PEP.15 However, a recent network meta-analysis showed no bene-
ficial effect.16 Since then, several trials had been published; there-
fore, we aimed to investigate the current evidence for nafamostat in 
the prevention of PEP in this systematic review and meta-analysis.

METHODS
Search and selection strategy
The recommendations of the Cochrane Collaboration17 and the state-
ments of Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA 2020)18 were followed in reporting the findings of 
this systematic review and meta-analysis. We registered the review pro-
tocol in the International Prospective Register of Systematic Reviews 
(PROSPERO) database (CRD42022367988).

The Population, Intervention, Comparator, Outcomes (PICO) process 
was used to define our clinical question. The patient population consisted 
of adult patients who underwent the ERCP procedure. We investigated 
the effects of nafamostat as a preventive treatment compared with placebo. 
The primary outcome was the incidence of PEP. Secondary outcomes 

were PEP severity, complication rates, adverse reactions, and laboratory 
parameters. Only randomized clinical trials were eligible for inclusion.

The systematic search was conducted on September 26, 2022 in 5 data-
bases (Cochrane Central Register of Controlled Trials, Embase, PubMed, 
Scopus, and Web of Science) without any restrictions or filters, using the 
following search key: pancreatitis AND nafamostat AND random*. We 
checked the reference lists of the included studies for additional reports. 
The detailed inclusion and exclusion criteria, and the reasons for exclu-
sions are in the Supplementary Material.

We processed the exported database search results in a reference man-
ager software (EndNote X9; Clarivate Analytics, Philadelphia, PA). 
Duplicate records were removed using an automation tool and manu-
ally (author I.L.H.). The title-abstract and the full-text selection were 
performed by two independent authors (I.L.H. and D.K.) according to 
eligible criteria. We calculated the Cohen’s Kappa coefficient to evaluate 
the level of agreement between the two authors at each major step. Non-
English articles were translated using Google Translate (Google LLC, 
Mountain View, CA).

Microsoft Excel (Microsoft Office 365; Microsoft, Redmond, WA) was 
used to manage the extracted data. Two independent authors retrieved the 
following information for each eligible trial: author, publication year, the 
origin of the trial, number of centers, sample sizes, gender, mean age, ap-
plied medications (dosage and duration), and procedure-related data.

Statistics
We used multilevel random effect models19 with dosage and post-ERCP 
severity as predictors. Multilevel modeling was necessary to account for 
the clustered data structure (multiple effect sizes reported per study) 
while also allowed to simultaneously test for moderator effects. Initially, 
we tested for nafamostat dosage effect on our outcome effects (PEP and 
hyperamylasemia odds). We also tested the interaction of dosage and 
risk categories and severity in separate models. Small study bias was con-
trolled for visually with funnel plots. We used R version 4.2.120 using the 
metafor package.21

We were able to perform a subgroup analysis according to the risk strat-
ification of the patients. Generally, patients were categorized as “high” risk, 
if they had any of the following characteristics: history of PEP, suspected 
sphincter of Oddi dysfunction, difficult cannulation, and young age. The 
detailed definitions are summarized in Table S1.

Risk of bias and certainty of evidence assessment
The risk of bias was independently assessed by two authors (I.L.H. and 
D.K.) using the Cochrane risk-of-bias tool (RoB 2)22 for randomized clin-
ical trials. The Grading of Recommendations, Assessment, Development 
and Evaluations (GRADE)23 was used to appraise the evidence level of 
the included trials, and to formulate recommendations for clinicians. In 
case of a disagreement, a third author (D.C.) made the final conclusion.

RESULTS
Systematic search
After a systematic search in the databases, we found 133 articles. 
The manual and automatic duplication removal discarded 80 re-
cords. After title-abstract selection (Cohen’s coefficient 1.00) and 
full-text selection (Cohen’s coefficient 1.00), six reports from the 
database searches were found suitable for inclusion in the system-
atic review. We also screened the references of the included articles 
and found one additional study. Both independent authors agreed 
to include it in the review, resulting in a final article pool of seven 
articles (Figure 1). The characteristics of the included studies are 
summarized in Table 1.
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Post-ERCP pancreatitis
Seven studies reported on PEP using 20 mg24–28 and 50 mg25,29,30 
of nafamostat. The overall incidence of PEP was lower in both 
nafamostat groups compared with the standard of care (20 mg, 
odds ratio (OR): 0.50, 95% confidence interval (CI) 0.30–0.82 
and 50 mg, OR: 0.48, 95% CI: 0.24–0.96; Figure 2). However, 
in the subgroup analysis, we found statistically significant pre-
vention of mild PEP only in the 20 mg subgroup (OR: 0.49, 95% 
CI: 0.31–0.77). We found no statistical differences in other se-
verity groups (mild, moderate, and severe) investigating 20 mg 
and 50 mg doses of nafamostat compared with the standard of 
care (Figure 3).

We analyzed PEP severity in high- and low-risk patients. The 
overall use of nafamostat therapy could reduce moderate PEP in 
high-risk patients (OR: 0.18, 95% CI: 0.0.4–0.84); and mild PEP 
in low-risk patients (OR: 0.32, 95% CI: 0.17–0.61; Figure 4.). 
There were insufficient reports of severe PEP in high- and low-risk 
patients.

The pooled results of the five studies24,25,27,29,31 showed no sta-
tistical difference in the ability of nafamostat to reduce post-ERCP 
hyperamylasemia compared with placebo. The results of the multi-
level analysis are shown in Figure 5.

Risk of bias analysis and GRADE
Overall, the trials included had a low risk of bias. In some cases, 
due to the inaccessible study protocols, we were unable to com-
pare the intended interventions with the published results and 
therefore marked them with “some concerns.” On the basis of the 

GRADE assessment, the certainty of evidence is “low.” The de-
tailed risk of bias and GRADE assessments can be found in the 
Figures S1 and S2 and Table S2.

Ethical approval
No ethical approval was required for this systematic review with 
meta-analysis, as all data had already been published in peer-
reviewed journals. No patients were involved in the design, con-
duct, or interpretation of our study. The datasets used in this 
study can be found in the full-text articles included in the system-
atic review and meta-analysis.

DISCUSSION
PEP is the leading adverse event of ERCP procedure.6 Ulinastatin 
in combination with somatostatin shows promising results32 in 
the treatment of AP; however, only supportive therapies are widely 
available. For this reason, clinical trials mainly focus on the pre-
vention of PEP with limited success. In this systematic review and 
meta-analysis, we investigated nafamostat as a prophylactic agent 
in the prevention of PEP.

The excessive Ca2+ signal is the main driver of AP, which also 
promotes the activation of trypsin and kallikrein. This, in combi-
nation with reduced ATP generation, causes necrosis, which fur-
ther releases these mediators, causing an inflammatory cascade.33 
Nafamostat mesylate is a serine protease inhibitor that suppresses 
trypsin and kallikrein in experimental models of pancreatitis.34,35 
In theory, the effects of nafamostat reduce circulating mediators of 
AP, thus preventing the escalation of the inflammation. However, 

Figure 1  PRISMA flowchart. CENTRAL, Cochrane Central Register of Controlled Trials; PRISMA, Preferred Reporting Items for Systematic 
Reviews and Meta-analyses; WoS, Web of Science.
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the exact mechanism of nafamostat in the prevention of PEP is not 
known yet. Several reports investigated the intra-arterial or intrave-
nous administration of nafamostat; however, there are inconsisten-
cies in the results.36–41 Nafamostat also inhibits other proteolytic 
enzymes, for example, thrombin and plasmin,34 which can be used 
as an anticoagulant in the treatment of disseminated intravascular 
coagulopathy (DIC),42 cardiopulmonary bypass43–45 or during con-
tinuous renal replacement therapy.26,46 It also emerged in the treat-
ment of coronavirus disease 2019 (COVID-19) because it inhibits 
viral and human cell fusion.47,48 The drug is only available in Far 
Eastern countries (e.g., South Korea and Japan) for the treatment of 
pancreatitis or DIC.

Previous meta-analyses showed controversial results about the ef-
fectiveness of nafamostat in the prevention of PEP. Yu et al.15 showed 
a significant reduction in overall PEP, including mild and moderate 
PEP prevention. Their analysis also showed significant prevention 
of PEP in both low- and high-risk patients. A later network meta-
analysis by Lyu et al.,16 which included four published RCT trials, 
showed no statistical differences compared with placebo. Since then, 
a new trial had been published that we were able to include in our 
analysis. Our results suggest that nafamostat can reduce the overall 
incidence of PEP using 20 and 50 mg doses; however, we found a 
statistically significant difference only in the 20 mg nafamostat sub-
group only for mild PEP. This might suggest that there is no dose 

Table 1  Baseline characteristics of included articles in the meta-analysis

Author, 
publication 
year Origin

Sample 
size Intervention

Intervention 
group, 
sample size

Intervention 
group, female 
(%)

Intervention 
group, 
mean age 
SD ± (years) Control

Control 
group, 
sample 
size

Control 
group, 
female (%)

Control 
group, mean 
age ± SD 
(years) Outcome

Choi
2009

South 
Korea

704 Nafamostat 
20 mg i.v. for 
24 hours;
starting 1 hour 
before ERCP

354 171 (48.3) 64.4 ± 12.6 5% 
dextrose

350 168 (48.0) 65.6 ± 12.1 PEP, HA

Kwon
2012

South 
Korea

169 Nafamostat 
50 mg i.v. for 
12 hours;
starting 
0.5 hours 
before ERCP

88 49 (55.7) 66.6 ± 12.8 5% 
dextrose

81 50 (61.7) 64.4 ± 13.8 PEP

Matsumoto 
2020

Japan 293 Nafamostat 
20 mg for 
6 hours; starting 
0.5–2 hours 
before ERCP

144 50 (34.7) 75a 5% 
dextrose

149 48 (32.2) 71a PEP

Ohuchida
2015

Japan 809 Nafamostat 
20 mg i.v. for 
2 hours;
starting with 
ERCP

405 147 (36.3) 68.4 ± 12.1 5% 
dextrose

404 160 (39.6) 69.3 ± 11.2 PEP, HA

Park 2011
20 mg

South 
Korea

398 Nafamostat 
20 mg for 
24 hours; 
starting 1 hour 
before ERCP

198 94 (47.5) 64.1 ± 10.6 5% 
dextrose

200 91 (45.5) 62.7 ± 12.4 PEP, HA

Park 2011
50 mg

South 
Korea

397 Nafamostat 
50 mg for 
24 hours; 
starting 1 hour 
before ERCP

197 91 (46.2) 63.3 13.8 5% 
dextrose

200 91 (45.5) 62.7 ± 12.4 PEP, HA

Park
2014

South 
Korea

106 Nafamostat 
10 mg i.v.;
starting 
2–4 hours 
before ERCP
+ Nafamostat 
10 mg i.v.;
starting 
6–8 hours after 
ERCP

53 24 (45.3) 58.6 ± 17.1 5% 
dextrose

53 24 (45.3) 60.5 ± 16.2 PEP, HA

Yoo
2011

South 
Korea

286 Nafamostat 
50 mg i.v. for 
6 hours;
starting 1 hour 
before ERCP

143 74 (51.7) 61.9 ± 15.7 5% 
dextrose

143 69 (48.3) 63.2 ± 15.4 PEP, HA

Abbreviations: ERCP, endoscopic retrograde cholangiopancreatography; HA, hyperamylasemia; PEP, post-endoscopic retrograde cholangiopancreatography 
pancreatitis; SD, standard deviation.
 aSD was not reported.
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dependent effect of nafamostat on the prevention of PEP, and a 
lower dose regime is sufficient for the prevention. Side effects also 
did not appear to be dose dependent: only Matsumoto reported hy-
perkalemia; Choi and Park (2011), Park (2014), and Yoo did not 
report any side effects associated with the administration of nafa-
mostat (Kwon did not report any side effect related information).

Although most PEP cases are mild, they can cause excessive 
distress for patients. By using nafamostat, mild PEP could be pre-
vented, helping the patient to recover faster. Furthermore, nafa-
mostat could decrease mild PEP in low-risk patients and moderate 
PEP in high-risk patients. Regarding the post-ERCP hyperam-
ylasemia, Yu et al. found no statistically significant difference be-
tween the nafamostat and the placebo group.

The ERCP procedure is generally associated with hyperam-
ylasemia, which is present in 11.2–39% of the cases.49–51 The 
development of hyperamylasemia can be due to patient-related 
(prior diabetes) and procedure-related factors (difficult cannu-
lation, biliary duct stent placement, and nasobiliary drainage).50 
The underlying disease may also affect the procedure: cases of 
acute biliary pancreatitis appear to be more difficult than those 
of acute cholangitis, due to the increased use of advanced cannu-
lation methods and inadvertent pancreatic cannulation, as well 
as longer cannulation time.52 A retrospective analysis of 1,291 
patients showed no correlation between hyperamylasemia and 
the severity of PEP.53

Figure 2  Multilevel model results on the overall effect of 
nafamostat therapy in the prevention of post-ERCP pancreatitis 
(PEP). CI, confidence interval; ERCP, endoscopic retrograde 
cholangiopancreatography.

Figure 3  Multilevel model results on the nafamostat therapy in the 
prevention of post-ERCP pancreatitis (PEP). CI, confidence interval; 
ERCP, endoscopic retrograde cholangiopancreatography.

Figure 4  Multilevel model results on the nafamostat therapy in 
the prevention of post-ERCP pancreatitis (PEP) in low- and high-risk 
patients. There was an overall a reduction of moderate PEP in high-
risk patients and of mild PEP in low-risk patients. CI, confidence 
interval; ERCP, endoscopic retrograde cholangiopancreatography.

Figure 5  Multilevel model results on the nafamostat therapy 
regarding the post-ERCP hyperamylasemia. CI, confidence interval; 
ERCP, endoscopic retrograde cholangiopancreatography.
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Strengths and limitations
This systematic review of nafamostat in the prevention of PEP 
is the most recent analysis of the current evidence for nafamo-
stat based on randomized controlled trials. We followed the 
recommendations of international guidelines. The definition of 
PEP was the same across the studies. The main contributor to 
the identified limitations was the low number of studies. The 
efficacy in the prevention of PEP was separately investigated 
according to different dosages, and there were differences in 
the timing of the medications. Furthermore, because of this 
reason, data heterogeneity was moderate in some cases. There 
were only single-center studies located only in Far Eastern 
countries.

Implications for practice
Translational science is essential to the interpretation of clinical 
results in daily practice.54,55 The use of nafamostat as a preventive 
medication after ERCP showed an overall reduction in PEP. The 
incidence of mild PEP was significantly reduced in the 20 mg sub-
group. In addition, it reduced mild PEP in low-risk and moderate 
PEP in high-risk patients.

Implications for research
Considering the limited efficacy, researchers should focus on the 
cost-effectiveness of the therapy. Nafamostat therapy should also 
be investigated compared with available preventive therapies.

CONCLUSION
Nafamostat can reduce the overall incidence of PEP compared 
with placebo and should be considered for use in low-risk patients 
with mild PEP. Cost-effectiveness studies are required.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).
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