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1. Introduction

Since 1991, evidence-based medicine (EBM) has been 
adopted in various clinical fields along with an increase 
in social awareness that seeks high-quality medical care 
(1). However, it is not always the case that evidence-
based medical care is practiced in clinical settings (2-
7). One study reported that guideline-recommended 
medical care is provided to roughly 50% of adult 
patients (8). In Japan, rates of implementation of some 
guideline-recommended treatments are reported to 
be roughly 25% (3,7,9). Even results from multiple 

randomized controlled trials (RCTs) have gained little 
attention among general clinicians; in fact, those results 
are not necessarily reflected in actual clinical activities 
(10). In other words, there is an "evidence-practice 
gap." In order to fill this gap, active communication 
between clinicians and clinical researchers, i.e., those 
who create evidence, is necessary (11).
 At present, several RCTs (12-14) and systematic 
reviews (15-17) have concluded that the administration 
of protease inhibitors (PIs) prior to endoscopic 
retrograde cholangiopancreatography (ERCP) has 
no preventive effect against post-ERCP pancreatitis. 
The first edition of the Japanese (JPN) Guidelines 
for the Management of Acute Pancreatitis (hereafter, 
"JPN guidelines"), issued in 2003 by the Japanese 
Society for Abdominal Emergency Medicine and Japan 
Pancreas Society (18), states that clinical usefulness of 
PIs in mild or moderate acute pancreatitis is unclear. 
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Nonetheless, PIs are widely used in Japan (19). 
The third edition of the JPN guidelines, which was 
developed by the Japanese Society for Abdominal 
Emergency Medicine, Research Committee on 
Intractable Diseases of Pancreas supported by Health 
and Labour Sciences Research Grants of the Ministry of 
Health, Labour and Welfare of Japan, Japanese Society 
of Hepato-Biliary-Pancreatic Surgery, Japan Pancreas 
Society, and Japan Radiological Society, states that 
administration of PIs for acute pancreatitis could be 
considered an option, albeit on insufficient grounds (20). 
Moreover, the fourth edition states that the effectiveness 
of PIs for "improving the prognosis and rate of 
complications associated with acute pancreatitis has not 
been clearly proven" by clinical studies and avoiding 
routine use is suggested (21). Furthermore, according to 
this edition, active evidence suggests a lack of efficacy 
of PIs administered prior to ERCP for the purpose of 
preventing the onset of post-ERCP pancreatitis (21). 
However, updated data from observational studies 
of actual clinical settings suggest the limited use of 
evidence (19,22). In 2015, the Japan Pancreas Society 
published clinical practice guidelines for post-ERCP 
pancreatitis (23), which did not recommend the use of 
PI because it does not prevent post-ERCP pancreatitis 
(5) based on several RCTs (13,14) and meta-analyses 
(15,16). However, it also states, without citation, that 
PIs ‒ which are covered by insurance ‒ are generally 
administered as a matter of principle if patients are 
diagnosed with acute pancreatitis. 
 Based on the evidence currently available, the value 
of PIs for treating acute pancreatitis or preventing the 
development of post-ERCP pancreatitis is low. From 
the viewpoint of a clinician, however, it is difficult to 
judge whether or not to prescribe PIs, since descriptions 
regarding their use in clinical practice guidelines 
are inconsistent. This study aimed to investigate the 
status of PI use for preventing or treating post-ERCP 
pancreatitis in Japan and clarify factors associated with 
the gap between guideline recommendations and actual 
clinical practice.

2. Materials and Methods

2.1. Study design

Japan has a universal health insurance system, and 
healthcare services are provided through public insurers 
largely divided into the following three categories: 
Employee Health Insurance, National Health Insurance 
administered by local governments, and the Medical 
Care System for the Advanced Elderly (aged ≥ 
75 years). Japanese citizens (i.e., the insured) pay 
insurance premiums to their medical insurers, and 
when they receive medical services from authorized 
insurance medical institutions such as hospitals, clinics, 
and pharmacies, they accept responsibility for some 

costs, while the remaining expenses are covered by 
payments of medical service fees made by the medical 
insurer through the examination and payment agency. 
All residents of Japan are required to subscribe to either 
one of the public insurances, and their activities (i.e., 
medical services they receive) can be traced, unless 
they cancel their insurance, no matter where or how 
many medical institutions/pharmacies they visit. 
 The present study used data registered from 
February 2005 through January 2015 (extracted in 
August 2015) in the Japan Medical Data Center (JMDC) 
Claims Database (developed by the Japan Medical Data 
Center Co., Ltd.). While the JMDC Claims Database 
only contains data of company employees (aged ≤ 74 
years) and their families, they can be used to examine 
disease prevalence and incidence in this population by 
matching claims data with health insurance enrollment 
data. Moreover, health insurance claims of all enrolled 
individuals are aggregated by name in an anonymized 
state and are thus traceable, even if they transfer to 
another hospital or visit multiple facilities. Thus, the 
actual state of medical services provided, not only by 
large-scale medical facilities but also medium-sized to 
small hospitals, as well as medical clinics with beds, 
can be assessed (23). This allows us to understand 
better the true state of real-world medical care in a 
continuous fashion, as the database provides complete 
data (i.e., administrative data) of all individuals enrolled 
in health insurance unions (24).

2.2. Eligibility criteria

Patients who underwent ERCP were defined as those 
for whom ERCP was performed with or without 
subsequent biliary or pancreatic procedures (procedures 
1 and 2; Table 1). Among these, those with "acute 
pancreatitis" (disease code: K85) or "post-ERCP 
pancreatitis" (disease code: K918 or K85) as recorded 
in claims were defined as patients with post-ERCP 
pancreatitis and were included in this study.

2.3.Data items and extraction methods

Sex, age, number of beds, date of claims, type of PI used 
(by generic name), and the method of PI administration 
(intravenous drip infusion) were used as patient factors. 
Among the names of diseases recorded in claims, we 
could not distinguish between severe acute pancreatitis 
and acute pancreatitis, as the same disease code (K85) 
was used for both. Therefore, when claims containing 
the disease name "acute pancreatitis" or "post-ERCP 
pancreatitis" also contained at least one of the severe 
disorders listed in Table 2, these patients were assumed 
to be severe acute pancreatitis patients. Given the 
possibility that the publication of clinical practice 
guidelines might have altered treatment practice, 
analyses were performed by dividing the study period 
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tests were two-tailed, and p < 0.05 was considered 
statistically significant. All analyses were performed 
using Stata/SE 14 (StataCorp LLC, TX, USA) (25).

2.5. Ethical considerations 

This study was approved by the Ethics Committee 
of Kyoto University Graduate School and Faculty 
of Medicine (Approval No. R 0838) and the Ethics 
Committee of Japanese Red Cross Wakayama Medical 
Center (No. 447).

3. Results

3.1. Patient characteristics

Among 3,204,575 insured individuals who comprised 
the observed population, 2,945 had undergone ERCP 
(1,897 men and 1,048 women; median age, 55 years) 
(Figure 1). Of these, 2,847 patients were subjected to 
analysis, excluding 98 who were considered ineligible 
due to missing data. 
 Among the 2,847 analyzed patients, 1,375 (48.3%) 
developed post-ERCP pancreatitis, while the remaining 
1,472 (51.7%) did not. PIs were used in 1,238 (90.0%) 
of the 1,375 patients with post-ERCP pancreatitis, and 
1,083 (73.6%) of the 1,472 patients without post-ERCP 
pancreatitis. Among those for whom PIs were used, 

into the first (2003-2007), second (2008-2009), and third 
(2010-2015) terms, according to the year of publication 
of the first (2003), second (2007), third (2009), and 
fourth (2015) editions. The identification code (ID) 
of each medical institution and hospital size (number 
of beds) were extracted as medical institution factors. 
Specifically, usage status was assessed according to the 
number of beds of < 200, ≥ 200 and < 500, and ≥ 500.

2.4. Statistical analysis

Proportions of patients for whom PIs were used were 
determined for those who developed post-ERCP 
pancreatitis and those who did not. Univariate analyses 
(Chi-square test, etc.) were performed by patient factors 
and severity. Subgroup analyses were performed to 
examine whether the trend for PI use differs by time 
of practice (i.e., first, second, and third terms) and 
number of beds, and trends were examined by the 
Cochrane-Armitage test. To examine factors associated 
with PI use, multiple logistic regression analysis was 
performed with severe patients (Model 1), post-ERCP 
pancreatitis (Model 2), and ERCP procedure (Model 
3) as explanatory variables, in addition to sex, age, and 
number of beds. Moreover, the variance inflation factor 
(VIF) was calculated to examine multicollinearity 
of variables, and goodness-of-fit of each model 
was evaluated with the Hosmer-Lemeshow test. All 

Table 1. Specific codes for ERCP examination and procedures

Procedure

1

2

Name

Endoscopic retrograde cholangiopancreatography

Endoscopic nasobiliary drainage
Endoscopic cholangiography and stone removal
Endoscopic biliary balloon dilation
Endoscopic papillotomy
Endoscopic biliary stenting 
Endoscopic pancreatic stenting
Endoscopic pancreatic pseudocyst drainage
Endoscopic pancreatic stone removal (transduodenal sphincterotomy)

Specific code

D308 + (cholangiography or pancreatography or 
cholangiopancreatography)
K682-3
K685 or K6851 or K6852
K686
K687 or K6871 or K6872
K688
K708-3
K7071
K6992

ERCP, endoscopic retrograde cholangiopancreatography.

Table 2. Indicators for suspected (presumed) severe acute pancreatitis patients

Name

Maintenance or sustained dialysis
Artificial respiration
Angiography
Abdominal paracentesis
Disseminated intravascular coagulation
Nasoenteric feeding
Use of blood products
Organ failure
Shock
Respiratory failure
Renal failure
Gastrointestinal hemorrhage

Specific code

J038 or J038-2
J045
E002
J010 or J021
D65
J120
K920
R688
A419 or R571 or R579 or R570
J960 or J969 or R090
N170 or N178 or N179 or N19
K921 or K922
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225 (20.6%) of the 1,238 patients with post-ERCP 
pancreatitis were non-severe patients, and 216 (19.9%) 
of the 1,083 patients without post-ERCP pancreatitis 
were non-severe patients.

3.2. Analysis results of the frequencies of protease 
inhibitors using to prevent and treat pancreatitis after 
ERCP and multiple logistic regression analysis 

Table 3 shows the number of patients who underwent 
ERCP and changes in the number of PI prescriptions 
over time. The proportions of PI users for the first, 
second, and third terms according to the year of 
publication of the JPN guidelines were 72.3%, 70.9%, 
and 83.6%, respectively, showing a significant increase 
over time (p < 0.001), with a particularly marked 
increase from the second to the third term. Among 
severe patients, the proportions of PI users were 83.7%, 
82.8%, and 87.4%, respectively, and although no 
significant increasing trend was observed (p = 0.15), 
the proportions of PI users remained high throughout 
the entire period. When the analysis was limited to non-
severe patients, the proportions of PI users for each 
term were 65.4%, 54.1%, and 69.2%, respectively, with 
a significant increasing trend over time (p = 0.003), 
particularly from the second to the third term. 
 Table 4 shows the results of subgroup analysis of 
patients with post-ERCP pancreatitis. The rate of PI use 

significantly increased over time (p = 0.004). When the 
analysis was limited to severe or non-severe patients, 
an increase in the rate of PI use was observed, but 
changes were not significant (p = 0.52 and p = 0.59, 
respectively).
 Table 5 shows the results of the subgroup analysis 
of patients without post-ERCP pancreatitis. The rate 
of PI use significantly increased over time (p < 0.001). 
When limited to severe or non-severe patients, the 
analysis revealed a significant increase in the rate of PI 
use in both severe and non-severe patients (p = 0.001 
and p < 0.001, respectively). 
 Table 6 shows the proportion of PI users by 
hospital/clinic size. The proportion of PI users and 
severity showed a significant decreasing trend with an 
increasing number of beds.
 Table 7 shows the results of multiple logistic 
regression analysis. In Model 1, the rate of PIs use 
was significantly more frequent among severe patients 
(odds ratio: 3.48 [95% confidence interval: 2.85-4.25]). 
In addition, the rate of PIs use was significantly less 
frequent at facilities with a higher number of beds. 
While the presence of post-ERCP pancreatitis was 
significantly associated with PI use (Model 2), no 
association was observed with ERCP procedure (Model 
3). The results of the Hosmer-Lemeshow test were p 
= 0.07, p = 0.21, and p = 0.01 for Models 1, 2, and 3, 
respectively, with the highest VIF of 2.09.

Figure 1. Relationships between patients who underwent ERCP, status of protease inhibitor use, and severity.
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Table 3. Number of patients who underwent ERCP and changes in the number of protease inhibitor prescriptions over 
time (overall)

Items

First term (2005-2007)
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
Second term (2008-2009)
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
Third term (2010-2011)
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
Total
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
P value for trend

Overall

130
94

72.3

350
248
70.9

2,367
1,979
83.6

2,847
2,321
81.5

< 0.001

Severe patients

49
41

83.7

204
169
82.8

1,877
1,640
87.4

2,130
1,850
86.9
0.15

ERCP, Endoscopic retrograde cholangiopancreatography; PI, Protease inhibitors.

Non-severe patients

81
53

65.4

146
79

54.1

490
339
69.2

717
471
65.7
0.003

Table 4. Number of patients who underwent ERCP and changes in the number of protease inhibitor prescriptions over 
time (with post-ERCP pancreatitis)

Items

First term (2005-2007)
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
Second term (2008-2009)
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
Third term (2010-2011)
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
Total
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
P value for trend

Overall

104
88

84.6

205
175
85.4

1,066
975
91.5

1,375
1,238
90.0
0.004

Severe patients

42
38

90.5

126
115
91.3

888
830
93.5

1,056
983
93.1
0.52

ERCP, Endoscopic retrograde cholangiopancreatography; PI, Protease inhibitors.

Non-severe patients

62
50

80.6

79
60

75.9

178
145
81.5

319
255
79.9
0.59

Table 5. Number of patients who underwent ERCP and changes in the number of protease inhibitor prescriptions over 
time (without post-ERCP pancreatitis)

Items

First term (2005-2007)
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
Second term (2008-2009)
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
Third term (2010-2011)
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
Total
     No. patients undergoing ERCP
     No. PIs prescribed
     Proportion (%)
P value for trend

Overall

26
6

23.1

145
73

50.3

1,301
1,004
77.2

1,472
1,083
73.6

< 0.001

Severe patients

7
3

42.9

78
54

69.2

989
810
81.9

1,074
867
80.7
0.001

ERCP, Endoscopic retrograde cholangiopancreatography; PI, Protease inhibitors.

Non-severe patients

19
3

15.8

67
19

28.4

312
194
62.2

398
216
54.3

< 0.001
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4. Discussion

Existing evidence suggests that PIs used to treat 
patients with acute pancreatitis, or to treat or prevent 
the onset of post-ERCP pancreatitis, is ineffective. 
While such use is also not recommended by clinical 
practice guidelines, we found that 80% of patients who 
had undergone ERCP, and 65% of non-severe acute 
pancreatitis patients, were administered PIs in Japan. 
This is the first report to show the actual state of PI 
prescription related to ERCP using large-scale real-
world data. 
 Sekimoto et al. conducted a questionnaire survey on 
clinical practice for acute pancreatitis among clinicians 
before and after publication of the JPN guidelines, 
and reported that the use of PIs for patients with mild 
pancreatitis significantly decreased after publication of 
the guidelines at the time; no such change was observed 
in the use of PIs for moderate to severe pancreatitis 
(19). Murata et al. showed that intravenous PI infusion 
was administered in 86% and 80% of patients with mild 
acute pancreatitis before and after publication of the 
first (2003) edition of the JPN guidelines, respectively, 
using the Diagnosis Procedure Combination (DPC) 
system (22). Moreover, around the time when the 
third (2009) edition was published, PIs were used in 
60.8% of patients with mild pancreatitis, and while the 
frequency of use had decreased since the publication of 
the first edition, 82.9% of patients ‒ when considering 
those with severe pancreatitis only ‒ were using PIs 
(22). Based on these results, Murata et al. concluded 
that there has been no change in clinical practice policy 

among clinicians in the past few years, and PIs are still 
used according to the traditional philosophy. The results 
of these previous studies, which used different methods 
to evaluate the degree of penetration of clinical practice 
guidelines, did not differ greatly from the results of 
the present study, which targeted a wider range of 
hospitals/clinics without limiting the analysis to DPC 
hospitals. 
 In the present study, we initially expected that 
the use of PIs for the prevention or treatment of 
pancreatitis occurring due to ERCP examination might 
have decreased with revisions of the JPN guidelines. 
However, in reality, PIs were used at a higher rate 
than expected even in the past few years. A possible 
reason for the high number of PI prescriptions is the 
existence of "clinical inertia" for the evidence-practice 
gap. It is said that physicians cannot easily change a 
traditional medical practice because they have been a 
human behavior, clinical inertia. Barth JH et al. showed 
"The main barriers include awareness, familiarity and 
agreement with the contents" as reasons why clinical 
practice guidelines cannot be adhered, and it is difficult 
to correct in the correct direction because familiar act 
exists (26). 
 The present study examined how the date of 
publication of clinical practice guidelines and the 
number of beds were related to the rate of PI use. 
With respect to the date of publication of clinical 
practice guidelines, the use of PIs did not decrease with 
guideline updates or dissemination, but rather showed 
an increasing trend. With respect to the number of 
beds, we hypothesized that the use of PIs might show 

Table 6. Relationship between hospital/clinic size and the number of protease inhibitor users

Hospital/
clinic size

≤ 199
200-499
≥ 500
Total

Total number 
of patients

  209
  873
1,765
2,847

No. patients who used 
protease inhibitors (%)

  186 (89.0)
  696 (79.7)
1,439 (81.5)
2,321 (81.5)

No. of patients with
severe pancreatitis

  163
  658
1,309
2,130

No. of patients who used 
protease inhibitors with
severe pancreatitis (%)

145 (89.0)
558 (84.8)

1,147 (87.6)
1,850 (86.9)

Percentage of patients with
severe pancreatitis to total

number of patients

78.0
75.4
74.2
74.8

Table 7. Results of multiple logistic regression analysis on protease inhibitor use

Explanatory variables

Severe patients
Post-ERCP pancreatitis
ERCP procedure
Sex
Age
No. beds
     ≤ 199
     200-499
     ≥ 500
Hosmer-Lemeshow test

N/A, Not applicable; ERCP, Endoscopic retrograde cholangiopancreatography.

Odds
Ratio

3.48

1.10
1.00

0.50
0.57

Model 1
95% Confidence

Lower limit

2.85
N/A
N/A
0.89
0.99

   1.00 (Reference)
0.31
0.36

         P = 0.07

 Interval
Upper limit

     4.25

     1.35
     1.00

     0.80
     0.90

Odds
Ratio

3.26

1.11
1.00

0.67
0.86

Model 2
95% Confidence

Lower limit

N/A
2.62
N/A
0.90
0.99

   1.00 (Reference)
0.42
0.54

         P = 0.21

 Interval
Upper limit

     4.04

     1.36
     1.00

     1.08
     1.37

Odds
Ratio

1.22
1.09
0.99

0.48
0.54

Model 3
95% Confidence

Lower limit

N/A
N/A
0.99
0.89
0.99

   1.00 (Reference)
0.30
0.34

         P = 0.01

 Interval
Upper limit

     1.50
     1.34
     1.00

     0.76
     0.84
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a decreasing trend with an increasing number of beds, 
i.e., big hospitals with many acute patients, since there 
are not only many patients undergoing ERCP but 
also specialists who are highly interested in clinical 
practice guidelines. The results of the analysis revealed 
that, while the rate of PI use significantly decreased 
with an increasing number of beds, more than 80% of 
patients who had undergone ERCP were administered 
PIs. These findings suggest that the understanding 
of the JPN guidelines and implementation of the 
recommendations have not improved over time more 
than we had anticipated, irrespective of the hospital or 
clinic size. 
 While sex and age of patients did not contribute 
to PI use, a significantly higher use was observed 
among severe patients. Progression to a severe state 
is known to be triggered by the onset of post-ERCP 
pancreatitis following ERCP procedures (endoscopic 
papillotomy, endoscopic biliary stenting, or endoscopic 
pancreatic stenting), which by itself is associated with 
severe disease. Moreover, ERCP examination itself 
could cause post-ERCP pancreatitis, thereby advancing 
in severity (21). ERCP procedures and post-ERCP 
pancreatitis are thus likely to act as intermediate (or 
mediating) variables. In clinical studies, variables for 
regression analysis should be selected based on clinical 
judgments, since a misplaced sense of confidence 
in statistical methods could lead to the selection of 
clinically meaningless variables or overfitting of 
models (27). For these reasons, we considered Model 1 
(severe patients) to be the most clinically meaningful. 
The results of the multiple logistic regression analysis 
revealed a trend of increased PI use in severe patients. 
The most recent version of the JPN guidelines 
recommends against the routine use of PIs, based on the 
evidence suggesting a lack of efficacy of PIs on acute 
pancreatitis (21). Moreover, the effect of PIs in patients 
with severe acute pancreatitis has been demonstrated 
in clinical studies with high bias risk (17), so the 
true effect of PIs remains unclear. The present study 
revealed an increasing trend in PI use among patients 
with post-ERCP pancreatitis and those with severe 
conditions, suggesting the possibility that JPN guideline 
recommendations relating to treatment have not fully 
permeated into the practice of clinicians. 
 There are some limitations to this study. First, the 
JMDC medical data bank targets individuals enrolled 
in health insurance unions for employees of large 
companies, i.e., a population comprising individuals of 
relatively high socioeconomic status. As the enrollees 
are mainly in their 30s to 50s, the number of cases in 
which ERCP examination was performed was low. 
Second, disease names recorded in claims data do 
not necessarily reflect the accurate names of diseases 
diagnosed. The method used in this study does not 
allow for distinction between patients with 'true' post-
ERCP pancreatitis and those with acute pancreatitis 

'recorded in claims as the disease name,' since this was 
assigned in order to prescribe PIs for the purpose of 
preventing the onset of post-ERCP pancreatitis. Third, 
as health insurance claims do not contain clinical 
information and examination data, we could not assess 
the severity of pancreatitis using these data (28). 
While the rate of post-ERCP pancreatitis advancing 
in severity is reportedly low at around 2% (28), two-
thirds of patients in the present study were in severe 
condition, which was clearly high. However, regardless 
of the severity of pancreatitis, there is no evidence that 
supports the effectiveness of PIs, and the conclusion 
that these drugs are over-prescribed for pancreatitis in 
Japan stands firm.
 In conclusion, the present study found that, despite 
that no evidence support effectiveness of PIs on post-
ERCP pancreatitis prevention and treatment, and that 
clinical practice guidelines don't recommend the use, 
PIs are frequently prescribed to prevent or treat post-
ERCP pancreatitis in Japan, with an increasing trend 
even in recent years. But the proportion of PI users and 
severity showed a significant decreasing trend with an 
increasing number of beds.
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