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Cholecystectomy Reduces Recurrent Pancreatitis and Improves
Survival After Endoscopic Sphincterotomy
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Abstract

Background The aim of this study was to assess whether cholecystectomy can decrease the recurrent pancreatitis in the elderly
patients who received endoscopic retrograde cholangiopancreatography (ERCP) with endoscopic sphincterotomy (EST) and
successful clearance of bile duct (BD) stones after gallstone-related acute pancreatitis.

Methods We analyzed data from National Health Insurance Research Database of Taiwan. Elderly patients (age =70 years old)
who had gallstone-related acute pancreatitis and underwent successful EST with BD stones clearance were eligible for enroll-
ment. This nationwide, population-based, propensity score (PS)-matched cohort study involved two cohorts: (1) patients who
underwent cholecystectomy after ERCP with BD stone clearance as study group and (2) those who adopted wait-and-see strategy
(without cholecystectomy) after ERCP with BD stone clearance as control group. The primary and secondary endpoints were
recurrent acute pancreatitis and all-cause mortality, respectively.

Results During the study period, a total of 670 elderly patients (male 291, female 379) with a mean age of 79.1 was enrolled for
analysis after PS matching. The incidence rate of recurrent acute pancreatitis was 12.39 per 1000 person-years in the cholecystectomy
cohort and 23.94 per 1000 person-years in the PS-matched control cohort. The risk of recurrent acute pancreatitis was significantly
lower in the cholecystectomy cohort (HR, 0.56; 95 % confidence interval [CI], 0.34-0.91; P=0.021). The HR for all-cause mortality
among the cholecystectomy cohort was 0.75 (95 % CI, 0.59-0.95; P=0.016) compared with the control cohort.

Conclusions Cholecystectomy decreased the subsequent recurrent acute pancreatitis and the all-cause mortality in elderly
patients with EST and clearance of BD stones after gallstone-related acute pancreatitis.
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stones to reduce subsequent biliary-related events, such as
cholangitis and cholecystitis in previous randomized con-
trolled trials (RCTs).>> However, whether prophylactic cho-
lecystectomy after endoscopic clearance of BD stones de-
creases the incidence of subsequent recurrent pancreatitis
and all-cause mortality remains uncertain in RCTs.> > Only a
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cohort study showed that higher rate of pancreatitis occurred
in patients with deferred cholecystectomy than patients with
prophylactic cholecystectomy after ERCP with EST with BD
stone removal.® Elderly patients often had more underlying
comorbidities and had a higher operation risk evening receiv-
ing laparoscopic cholecystectomy due to their underlying co-
morbidities. The study aimed to assess whether prophylactic
cholecystectomy can lower the incidence of subsequent acute
pancreatitis and the all-cause mortality in the elderly patients
who received endoscopic clearance of BD stones after
gallstone-related pancreatitis.

Methods
Data Sources

This study was based on data from the National Health
Insurance Research Database (NHIRD) released by the
National Health Research Institute (NHRI) of Taiwan.
Taiwan started the NHI program in 1995 providing compre-
hensive health care for all its inhabitants. Enrollment in the
NHI program is mandatory. The total population of Taiwan is
around 23.3 million by the end 0f 2014, and there are present-
ly more than 23 million enrollees, representing approximately
99 % of Taiwan’s population.” The NHI program offers inte-
grated medical care, including outpatient, inpatient, emergen-
cy, dental, and drug prescriptions. The NHIRD includes the
entire registry and claims data from the NHI system, ranging
from demographic data to detailed orders including ambula-
tory and inpatient care. The NHIRD is managed and publicly
released by the NHRI and contains registration files and orig-
inal reimbursement claims data for all enrollees in Taiwan.
These features make the NHIRD one of the largest and most
complete nationwide health care service datasets in the
world.* '® The diagnostic codes of the patients in the
NHIRD are in the format of the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM) and are established by board-certified physicians in their
corresponding specialties. The diagnostic accuracy for the ma-
jor diseases in the NHIRD has been well validated.'" All the
information that might potentially identify any individual pa-
tient was encrypted before the database releasing. Subjects’
informed consent was waived. The confidentiality of the da-
tabase was in accordance with the data regulations of the
Bureau of NHI and the NHRI, Taiwan. The NHRI guarded
the privacy of all beneficiaries and provided health insurance
data to researchers.

Patients

Patients who were 70 and older than 70 years old and who
were hospitalized after January 1, 2000 with diagnosis of

gallstone-related pancreatitis (ICD-9-CM codes 577.0 plus
574, 574.0, 574.1x, 574.2x, 574.6x—574.9x) and underwent
successful endoscopic clearance of BD stones were eligible
for the study. Within 3 months after ERCP with EST and stone
clearance, patients who underwent cholecystectomy were
considered as study group and those who adopted wait-and-
see strategy without cholecystectomy were considered as con-
trol group. To avoid immortal time bias, the index date was
defined the date of 91 days after ERCP with EST and stone
clearance. The patients with primary and secondary malignan-
cy (ICD-9-CM codes 14x.xx—19x.xx, 200.xx-208.91,
230.xx-239.9); benign neoplasm of liver, bile duct, and pan-
creas (211.5, 211.6); disorders related to gallbladder, bile duct,
and pancreas (574.xx—577.9); alcoholism (291.xx, 303.xx,
305.xx); chronic pancreatitis (577.1); hypercalcemia (227.1,
252.0, 252.9, 275.4x); and hypertriglyceridemia (272.1,
272.2, 272.3) before index date were excluded.

We examined the baseline sociodemographic characteris-
tics of the cohort, including age, sex, monthly income, urban-
ization level, outpatient visits in the past 1 year, Charlson
comorbidity index (CCI) score, and other underlying
cormobidities.'*'® Urbanization levels in Taiwan are divided
into four strata according to the Taiwan NHRI, in which level
1 is referred to as the “most urbanized” and level 4 as the
“least urbanized.” Though original CCI score was designed
to predict the 1-year mortality rate for the different underlying
comorbid conditions,12 it was widely used to determine over-
all systemic health, with each score increase reflecting a step-
wise increase in cumulative mortality, and was used to match
two study groups with different underlying disease in retro-
spective cohort studies to decrease selection bias.'*'* The
comorbidities included coronary artery disease (CAD) [ICD-
9-CM codes 410.xx—414.xx], ischemic stroke [ICD-9-CM
codes 433.xx—434.xx], diabetes mellitus (DM) [ICD-9-CM
code 250.xx], myocardial infarction (MI) [ICD-9-CM code
410.xx], hypertension [ICD-9-CM codes 401.xx—405.xx],
heart failure [ICD-9-CM code 428.00], arrhythmia [ICD-9-
CM code 427.xx], peripheral vascular disease [ICD-9-CM
code 443 .xx], valvular heart disease (VHD) [ICD-9-CM
codes 393 xx—398.xx], uncomplicated and complicated peptic
ulcer disease (PUD) [ICD-9-CM code 533.xx], chronic kid-
ney disease (CKD) [ICD-9-CM codes 585, 586, 588.8, 588.9,
250.4, 274.1, 403.x1, 404.x2, 404.x3, 440.1], dyslipidemia
[ICD-9-CM code 272.x], chronic liver disease including cir-
rhosis [ICD-9-CM codes 571.0, 571.1, 571.2, 571.3, 571.4,
571.4x, 571.5, 571.6, 571.8, 571.9), autoimmune disease
[ICD-9-CM code 279.4], and obesity [ICD-9-CM codes
278, 278.0, 278.00].

A propensity score (PS)-matching analysis was performed
with a ratio of 1:1 in the study and control group to reduce
selection bias. The covariates in the propensity score model
were listed in Supplementary Table 1. For each subjects in
study and control groups, we calculated a PS for the
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probability of receiving cholecystectomy. We matched one
subject in study groups with each subject in control group
according to propensity score (calipers of width equal to 0.1
SD of the logit of the propensity score) based on nearest
neighbor matching without replacement.

Endpoints

The primary endpoint was recurrent pancreatitis (ICD-9-CM
code 577.0) as the major diagnosis during hospitalization be-
tween January 1, 2000 and December 31, 2012. The second-
ary endpoint is the all-cause mortality.

Statistical Analysis

Descriptive statistics was used to describe the baseline char-
acteristics of the study cohorts. These characteristics were
compared between groups by using Pearson x tests for cate-
gorical variables and independent ¢ tests for continuous vari-
ables, respectively. Standardized mean difference was used to
compare the characteristics between groups after PS
matching. PSs for the likelihood of cholecystectomy were
calculated by multivariate logistic regression, conditional on
baseline covariates (Supplementary Table 1). The cumulative
incidence of recurrent pancreatitis and the all-cause mortality
were calculated by using the Kaplan—-Meier method and com-
pared between groups by using the log-rank test. Cox regres-
sion models with a conditional approach and stratification
were used to calculate hazard ratios (HRs) and 95 % confi-
dence intervals (CIs) for the occurrence of recurrent pancrea-
titis and all-cause mortality between cohorts in each group.'”
The competing risk regression was also calculated based on
the model by Fine and Gray.'> Data linkage, processing, and
analysis were conducted with the SQL Server 2012 (Microsoft
Corporation, Redmond, WA).We used SAS version 9.3 (SAS
Institute, Cary, NC) to calculate PSs and used STATA statisti-
cal software (version 13.0; StataCorp, College Station, TX) to
perform other statistical analyses. The designated level of sta-
tistical significance was P < 0.05.

Results
Patients’ Characteristics

During the study period, a total of 1185 elderly patients with
gallstone-related pancreatitis were eligible for analysis.
Among these patients, 352 underwent cholecystectomy (study
group) and 833 receive deferred cholecystectomy (control
group). The demographic data of the study and control groups
are shown in Table 1. Patients in the study group were signif-
icantly younger than those in the control group (78.5 vs.
81.1 years old). The gender, monthly income, times of
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outpatient visit in the past 1 year, and urbanization of the
patients have no significant difference between the study and
control groups. Compared to the control group, the study
group had a lower Charlson comorbidity index score and
had a lower proportion of comorbidities including ischemic
stroke, DM, hypertension, and chronic liver disease. After PS
matching including the parameters of patient number, mean
age, sex, monthly income, urbanization level, outpatient visits
in the past 1 year, Charlson comorbidity index score, and all
the comorbidities, 335 study population and 335 controls were
included for PS-matching analysis (Table 1, right column).

Risks of Recurrent Acute Pancreatitis and the All-Cause
Mortality

During the follow-up period, 130 patients developed recurrent
acute pancreatitis and 509 died before the end of the study.
The incidence rates of recurrent acute pancreatitis were 11.47
per 1000 person-years in the cholecystectomy cohort and
28.10 per 1000 person-years in the control cohort. The risk
of recurrent acute pancreatitis was significantly lower in the
cholecystectomy cohort than in the control cohort (HR, 0.48,
95 % confidence interval [CI], 0.31-0.75; P=0.001; Table 2).
The HR for all-cause mortality among the cholecystectomy
cohort was 0.66 (95 % CI, 0.54-0.80; P<0.001) compared
with the control cohort. Multivariate Cox regression analysis
showed that the risk of recurrent acute pancreatitis and all-
cause mortality was significantly lower in the cholecystecto-
my cohort than in the control cohort (HR, 0.46 and 0.75,
respectively, P all <0.05; Table 2).

Similar to the results of multivariate Cox regression analy-
sis without PS matching, the risk of recurrent acute pancrea-
titis was significantly lower in the cholecystectomy cohort
than in the PS-matched control cohort after PS matching
(HR, 0.56; 95 % CI, 0.34-0.91; P=0.021, Table 2). The HR
for all-cause mortality among the cholecystectomy cohort was
0.75 (95 % (I, 0.59-0.95; P=0.016) compared with the PS-
matched control cohort.

The cumulative incidence of recurrent acute pancreatitis
and the all-cause mortality in patients with cholecystectomy
and the PS-matched control cohort were illustrated in Figs. 1
and 2, respectively.

Discussion

This nationwide population-based cohort study revealed that
cholecystectomy decreased the subsequent acute pancreatitis
and the all-cause mortality in elderly patients receiving ERCP
and EST with successful clearance of BD stones after gall-
stone acute pancreatitis when compared with that of PS-
matched control.
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Table 1  Baseline characteristics of patients with gallbladder stone®
Before propensity score-matching Propensity score-matched
Characteristics Cholecystectomy ~ Non-cholecystectomy P value Cholecystectomy —Non-cholecystectomy — StD°
Patient (no.) 352 833 335 335
Mean age (SD), year 78.5(7.4) 81.1 (6.8) <0.001  79.0 (6.7) 79.2 (7.5) —0.020
Male 155 (44.0) 410 (49.2) 0.102 149 (44.5) 142 (42.4) 0.042
Monthly income, NT$ 0.286
Dependent 128 (36.4) 295 (35.4) 123 (36.7) 134 (40.0) —0.067
<19,100 92 (26.1) 246 (29.5) 90 (26.9) 85(25.4) 0.034
19,100-41,999 128 (36.4) 289 (34.7) 120 (35.8) 115 (34.3) 0.031
>42,000 4(1.1) 3(04) 2(0.6) 1(0.3) 0.045
Urbanization 0.397
Level 1 153 (43.5) 392 (47.1) 145 (43.3) 149 (44.5) —-0.024
Level 2 156 (44.3) 344 (41.3) 148 (44.2) 149 (44.5) —0.006
Level 3 33(9.4) 83 (10.0) 33(9.9) 30 (9.0) 0.031
Level 4 (rural area) 10 (2.8) 14 (1.7) 9(2.7) 72.1) 0.039
Outpatient visits, in the past 1 year 0.703
0-5 visits 2 (0.6) 9 (1.1) 2 (0.6) 1(0.3) 0.045
6-10 visits 18 (5.1) 52(6.2) 17 (5.1) 14 (4.2) 0.043
11-15 visits 26 (7.4) 65 (7.8) 25(7.5) 25(7.5) 0.000
>15 visits 306 (86.9) 707 (84.9) 291 (86.9) 295 (88.1) —0.036
Charlson comorbidity index score (SD) 7.7 (2.7) 8.6 (2.9) <0.001 7.8(@2.7) 7.8 (2.6) 0.003
Comorbidities
Coronary artery disease 182 (51.7) 455 (54.6) 0.357 175 (52.2) 187 (55.8) -0.072
Cerebrovascular disease 110 (31.3) 356 (42.7) <0.001 107 (31.9) 105 (31.9) 0.013
Diabetes mellitus 124 (35.2) 347 (41.7) 0.039 119 (35.5) 115 (34.3) 0.025
Myocardial infarction 20 (5.7) 52 (6.2) 0.712 19 (5.7) 22 (6.6) —0.037
Hypertension 258 (73.3) 657 (78.9) 0.037 249 (74.3) 249 (74.3) 0.000
Heart failure 69 (19.6) 196 (23.5) 0.138 67 (20.0) 73 (21.8) —-0.044
Peripheral vascular disease 17 (4.8) 59 (7.1) 0.148 17 (5.1) 19 (5.7) —0.026
Peptic ulcer disease 198 (56.3) 491 (58.9) 0.390 191 (57.0) 184 (54.9) 0.042
Chronic kidney disease 62 (17.6) 179 (21.5) 0.130 61 (18.2) 57 (17.0) 0.031
Chronic liver disease 74 (21.0) 246 (29.5) 0.003 74 (22.1) 69 (20.6) 0.036
Arrhythmia 115 (32.7) 306 (36.7) 0.182 111 (33.1) 120 (35.8) —0.056
Dyslipidemia 126 (35.8) 278 (33.4) 0422 120 (35.8) 119 (35.5) 0.006
Valvular heart disease 37 (10.5) 116 (13.9) 0.109 37 (11.0) 42 (12.5) —0.046
Obesity 3(0.9) 4(0.5) 0.445 2(0.6) 2 (0.6) 0.000
Autoimmune disease 12 (3.4) 313.7) 0.793 12 (3.6) 11 (3.3) 0.016
Propensity score (SD) 0.36 (0.13) 0.27 (0.12) <0.001  0.34(0.12) 0.34 (0.12) 0.003

SD standard deviation, StD standardized difference, NT$ new Taiwan dollars

* All data were descripted as number (%), except mean age and propensity score

® Imbalance defined as absolute value greater than 0.151

Though RCTs showed that prophylactic cholecystectomy
after endoscopic clearance of BD stones reduced subsequent
biliary events including cholangitis and cholecystitis,” > there
were few cases of acute gallstone-related pancreatitis in these
studies for evaluating whether prophylactic cholecystectomy
also decreased the incidence of subsequent acute pancreatitis
and all-cause mortality. Only a cohort study showed higher

recurrence of acute pancreatitis in patients with deferred cho-
lecystectomy than patients with prophylactic cholecystectomy
after ERCP with EST and BD stone removal (30.0 vs. 4.8 %).°
In our study, patients with deferred cholecystectomy were
significantly older, sicker, and had a higher mortality rate dur-
ing follow-up than patients with cholecystectomy. After
matching by PS to diminish the selection bias or adjusting
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Table 2 Incidence and risk of hospitalization for acute pancreatitis and all-cause of mortality among patients with acute pancreatitis and gallbladder
stone
Crude Adjusted® Competing risk®
No. of Person- Incidence  Hazard ratio Pvalue Hazard ratio Pvalue Hazard ratio P value
event  years rate® (95 % CI) (95 % CI) (95 % CI)
Before propensity score-matching
Recurrent acute pancreatitis
Cholecystectomy cohort 25 2180 11.47 0.48 (0.31-0.75)  0.001 0.46 (0.30-0.73)  0.001 0.48 (0.31-0.76)  0.002
Non-cholecystectomy 105 3736 28.10 Reference Reference Reference
cohort
All-cause mortality
Cholecystectomy cohort 133 2274 58.49 0.66 (0.54-0.80) <0.001  0.75(0.61-0.92) 0.006 -
Non-cholecystectomy 376 4180 89.95 Reference Reference
cohort
After propensity score-matching
Recurrent acute pancreatitis
Cholecystectomy cohort 25 2018 12.39 0.56 (0.34-0.91) 0.021 - 0.58 (0.36-0.96) 0.034
Non-cholecystectomy 41 1713 23.94 Reference Reference
cohort
All-cause mortality
Cholecystectomy cohort 130 2112 61.56 0.75 (0.59-0.95) 0.016 - -
Non-cholecystectomy 157 1917 91.91 Reference
cohort

CI confidence interval
aPer 10° person-years
® Adjusted for propensity score

¢ All-cause mortality was calculated as a competing risk in this model

potential confounding factors by Cox regression analysis, our
retrospective cohort showed that patients with deferred chole-
cystectomy had a significantly higher rate of subsequent acute
pancreatitis and the all-cause mortality in elderly patients (age
270 years old) receiving ERCP with successful clearance of
BD stones after gallstone-related acute pancreatitis.

The role and the timing of ERCP in acute gallstone pan-
creatitis remain controversial in the past.'® *° A meta-analysis

Fig. 1 Kaplan—Meier estimates
of cumulative hazard of
subsequent acute pancreatitis
categorized by cholecystectomy
and the matched controls

(P =0.019 between the two
groups by the log-rank test)

Cumulative Incidence of recurrent
acute pancreatitis

No. of patients at risk

Cholecystectomy cohort
Non-cholecystectomy cohort 335
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data revealed that early ERCP in patients with predicted mild
and severe acute biliary pancreatitis without acute cholangitis
did not lead to a significant reduction in the risk of overall
complications and mortality.>! Another recent meta-analysis
showed that in patients with acute gallstone pancreatitis, there
is no evidence that early routine ERCP significantly affects
mortality and local or systemic complications of pancreatitis,
regardless of predicted severity.”” There is general consensus

0.20-
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Log-rank test R _I
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that (1) early ERCP is not indicated in patients with mild
gallstone pancreatitis and (2) concomitant cholangitis or bili-
ary obstruction is an indication for urgent ERCP.**** In our
study, we did not evaluate the role and the timing of ERCP in
acute gallstone pancreatitis. We just evaluated whether chole-
cystectomy or not can decrease the recurrent pancreatitis and
all-cause mortality in the elderly patients who had BD stones
and received ERCP with EST and successful clearance of BD
stones after gallstone acute pancreatitis.

Though prophylactic cholecystectomy was recommended
to patients whose gallbladder (GB) remained in situ after EST
and BD stone clearance in patients with previous pancreatitis
in a previous study,’ the study only enrolled patients in North
America. As we know, the prevalence of pigmented BD
stones was higher in East Asian countries than in Western
countries.** This nationwide population-based cohort study
in Taiwan, located in East Asia, also revealed that cholecys-
tectomy decreased the recurrent acute pancreatitis and the all-
cause mortality in patients with EST and successful clearance
of BD stones after gallstone-related acute pancreatitis after
matching by patients’ age, gender, and underlying
comorbidities.

Our study has several strengths. First, the Taiwanese
NHIRD is one of the largest databases in the world with com-
prehensive health care data, and its use allows for a long-term
population-based design.” ® Second, a PS-matching analysis
was performed to reduce selection bias, and the nationwide
retrospective cohort reflected a real-world situation. However,
the study findings should be interpreted in the context of sev-
eral weaknesses. First, this is a retrospective study, not a RCT;
some bias indeed existed. Second, the etiology of acute pan-
creatitis is multifactorial, though we excluded patients with
alcoholism, hypercalcemia, hypertriglyceridemia,
pancreatobiliary abnormality of stricture, and autoimmune

disease in our exclusion criteria; non-stone-related acute pan-
creatitis could not be totally excluded. Third, all the diagnoses
of gallstone pancreatitis and CBD stones were based on ICD-
9-CM codes (577.0 plus 574, 574.0, 574.1x, 574.2x, 574.6x—
574.9x). The intervention procedures for BD stones and GB
stones such as cholecystectomy and endoscopic
sphincterotomy were recorded based on ICD-9-CM procedure
codes (51.xx) and claims data of Taiwan National Health
Insurance. We ascertained the BD stone clearance in study
(cholecystectomy) group by checking the coding of EST,
followed by cholecystectomy alone without the coding of
choledochostomy, choledocholithotomy, or percutaneous BD
drainage before or during cholecystectomy procedure. We
ascertained the BD stone clearance in control (without chole-
cystectomy) group by checking the coding of EST, without
the coding of cholecystectomy, choledochostomy,
choledocholithotomy, or percutaneous BD drainage within
3 months after EST. It was impossible to have a chart review
of study subjects or other confirmatory mechanism to verify
the BD clearance after endoscopic sphincterotomy within the
database due to the deidentification of study subjects.?’
Fourth, to avoid immortal time bias, the index date was de-
fined the date of 91 days after ERCP with EST and stone
clearance, not defined the day of the EST and stone clearance.
All the events (endpoints) occurring during 1-90 days after
ERCP with stone clearance were not included.

Conclusions
This nationwide population-based, PS-matched cohort study

revealed that cholecystectomy, but not gallbladders, in situ
decreased the subsequent acute pancreatitis and the all-cause
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mortality in patients with ERCP and successful clearance of
BD stones after gallstone-related acute pancreatitis.
Prophylactic cholecystectomy should be recommended in
these elder patients.
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