
Introduction
Patients with common bile duct stones (CBDS) are frequently
encountered in clinical situations, with cholangitis develop-
ment occurring in some, followed by sepsis. Endoscopic sphinc-
terotomy (ES) was developed in the 1970 s as a procedure for
removal of stones from the CBD without the need for surgery
[1, 2]. Although it has become the standard therapy method
for CBDS [3], long-term complications following that procedure
have been reported. In a review of 371 patients, Saito et al.
found that CBDS recurrence occurred in 9.7% during a mean
follow-up period of 7.7 years [4]. Furthermore, Ando et al. re-
ported 111 (11%) cases of recurrence in 1042 consecutive pa-
tients with CBDS who underwent ES during a median period of
7.5 years [5] and a more recent study reported a recurrence
rate of 8.5% over a median period of 7.5 years [6]. Thus, CBDS

recurrence in patients treated with ES is not uncommon and
may cause deterioration in their quality of life.

Previous reports have shown that pneumobilia, gall bladder
status, use of lithotripsy, presence of periampullary diverticula
(PD), and presence of a dilated bile duct were risk factors for
CBDS recurrence [4, 5, 7–9]. However, no known reports clari-
fying whether oral medicines including PPIs cause such recur-
rence have been presented. Although PPIs are commonly pre-
scribed drugs for reducing gastric acid production, several
studies have found that long-term recipients experience var-
ious complications, especially small intestine bacterial over-
growth (SIBO) [10–14]. We speculated that PPI administration
increases the risk of CBD stone recurrence by altering the bac-
terial mixture in the bile duct in association with SIBO. To exam-
ine this possibility, in the current study we compared PPI use
with other risk factors previously reported using a COX propor-
tional hazard model. However, that method is not considered
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ABSTRACT
Background and study aims Recurrence of common bile duct

stones (CBDS) in patients treated with endoscopic sphincterotomy

(ES) can lead to deterioration in their quality of life. Although the

pathology and related factors are unclear, we speculated that pro-

ton pump inhibiter (PPI) administration increases the risk of CBDS

recurrence by altering the bacterial mixture in the bile duct.

Patients and methods The primary endpoint of this retrospective

study was recurrence-free period. Several independent variables

considered to have a relationship with CBDS recurrence including

PPI use were analyzed using a COX proportional hazard model,

with potential risk factors then evaluated by propensity score

matching analysis.

Results A total of 219 patients were analyzed, with CBDS recur-

rence found in 44. Analysis of variables using a COX proportional ha-

zard model demonstrated that use of PPIs and ursodeoxycholic acid

(UDCA), as well as the presence of periampullary diverticula (PD)

each had a hazard ratio (HR) value greater than 1 (HR 2.2, P=

0.007; HR 2.0, P=0.02; HR 1.9, P=0.07; respectively). Furthermore,

propensity score matching analysis revealed that the mean recur-

rence-free period in the oral PPI cohort was significantly shorter as

compared with the non-PPI cohort (1613 vs. 2587 days, P=0.014).

In contrast, neither UDCA administration nor PD presence was

found to be a significant factor in that analysis (1557 vs. 1654

days, P=0.508; 1169 vs. 2011 days, P=0.121; respectively).

Conclusion Our results showed that oral PPI administration is a risk

factor for CBDS recurrence in patients who undergo ES.
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suitable for analyzing numerous independent variables or mak-
ing adjustments based on subject background factors, thus we
also used propensity score matching analysis to investigate
candidate risk factors, as that has been shown capable of ad-
justing for a large number of characteristics other than the fac-
tor under evaluation in the examined subjects [15]. In addition,
this method has also been used recently in a variety of clinical
and statistical investigations [16]. For the current analysis, we
focused on patients treated with ES in order to reveal risk fac-
tors related to CBDS recurrence using a COX proportional ha-
zard model and propensity score matching analysis.

Patients and methods
Study design

This study was retrospective and conducted at Shimane Univer-
sity Hospital, Japan. The primary endpoint was CBDS recur-
rence-free period with or without the presence of risk factors.
First, we determined factors related to CBDS recurrence using
a COX proportional hazard model, with those findings evaluat-
ed by propensity score matching analysis to reduce confound-
ing bias. The study protocol was approved by the Institutional
Review Board of Shimane University.

Subjects

Consecutive patients who underwent ES from October 2005 to
March 2015 that resulted in complete resolution of CBDS were
initially enrolled. Those who received endoscopic papillary
large balloon dilatation in addition to ES were included,
whereas patients who underwent endoscopic papillary balloon
dilatation alone were excluded. In addition, patients treated by
major gastrointestinal surgery with an altered route of food
passage and those with a bile duct stricture, such as from pan-
creatobiliary malignancy or postoperative scarring, were also
excluded.

Candidate risk factors

Medical charts of the enrolled subjects were retrospectively re-
viewed, with patient characteristics, oral drug use, and under-
lying disease noted as candidate risk factors. Presence of PD
was diagnosed according to endoscopic findings obtained
when the ES procedure was performed. The drug-administra-
ted group included patients who took an oral drug during
more than two-thirds of the follow-up period after undergoing
ES.

Definition of CBDS recurrence

Date of CBDS recurrence was determined as the date of the
imaging test, such as abdominal ultrasonography, ultrasonic
endoscopy, computed tomography, or magnetic resonance
cholangiopancreatography, that showed evidence of CBDS, or
the date on which cholangitis was diagnosed by serum liver or
biliary function test findings. Patients who had treatment inter-
rupted, or who died or were transferred during the study period
were treated as censored cases from the final visit day.

Statistical analysis

A COX proportional hazard model was used with a forced entry
method and the appropriate number of independent variables
was estimated based on the number of events. To adjust for the
numerous characteristics, propensity score matching was per-
formed using independent variables with a hazard ratio > 1 in
COX proportional hazard model analysis. The propensity score
was determined using a multiple logistic regression model with
a forced entry method, and then rounded up to 3 decimal pla-
ces using the rounding function. Next, using propensity score
results, we extracted 53 matching pairs for whom PPIs were
and were not actually prescribed. In addition, we also extracted
pairs for UDCA and PD. Pair matching was done with a nearest
neighbor search with the additional payment syntax. Kaplan-
Meier curves for cumulative non-incidence of CBDS were pro-
duced for cohorts with and without candidate risk factors using
a log-rank test. All analyses were performed according to the
intention-to-treat principle, with the results calculated using
SPSS (ver. 19) and P values < 0.05 considered to indicate signifi-
cance.

Results
Subjects

A total of 270 patients underwent endoscopic therapy for CBDS
during the study period, of whom 51 were excluded (altered
gastrointestinal tract route, n =17; endoscopic papilla balloon
dilatation, n =14; incomplete removal of CBDS, n =20), thus
219 were subjected to analysis. All underwent ES with a medi-
um range incision. Patient baseline characteristics, underlying
diseases, prescribed oral drugs, and use of mechanical lithotrip-
sy are shown in ▶Table 1. CBDS recurrence was noted in 20%
(44/219) of all patients. Of the 73 patients administered PPIs
(mean period 338 days), 32% (23 /73) suffered from recur-
rence.

COX proportional hazard model

We selected the following 5 independent variables for our anal-
ysis: history of cholecystectomy, use of mechanical lithotripsy,
presence of PD, and PPI and UDCA administrations. Subsequent
analysis findings revealed that PPI and UDCA use and presence
of PD each had a hazard ratio (HR) value greater than 1 (HR 2.2,
P=0.007; HR 2.0, P=0.02; HR 1.9, P=0.07; respectively) (▶Ta-
ble 2).

Calculation of propensity scores for PPI, UDCA,
and PD

We then adjusted for the numerous characteristics using pro-
pensity score matching and examined whether the 3 indepen-
dent variables were risk factors for CBDS recurrence. Propensity
scores for PPI and UDCA administration, and presence of PD
were calculated on a case-by-case basis by multinomial logistic
regression using 10 apparently relevant variables (age, gender,
history of cholecystectomy, antiplatelet medicine use, history
of cerebral infarction, coronary disease, hypertension, dia-
betes, hypercholesterolemia, hypertriglyceridemia). As a
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result, area under the curve (AUC) values for propensity scores
for PPI and UDCA administration, and presence of PD were
0.658, 0.640, and 0.630, respectively. Although the AUC values
for the propensity scores indicated low to moderate accuracy,
it was considered that a value ≥0.6 was within the limit of toler-
ance. Hosmer-Lemeshow test results of these findings did not
reveal significant differences (χ2 = 9.692, df=8, P=0.287; χ2 =
3.478, df=8, P=0.901; =10.567, df=8, P=0.227; respectively).

Propensity score matching analysis for PPI and
UDCA use, and presence of PD

To extract pairs from the 2 groups after adjusting for factors
other than those of interest, 1-to-1 matching between the oral
PPI and non-PPI cohorts was conducted based on propensity
score, which resulted in extraction of 53 pairs to compose co-
horts with and without PPI administration. Kaplan-Meier curves
for cumulative non-incidence of CBDS recurrence in the match-
ing cohorts are shown in ▶Fig. 1. The 2o groups were matched
based on propensity score matching for the factor of interest
and then adjusted for the other factors. The estimated mean
recurrence-free period was shorter in the oral PPI cohort (1613
vs. 2587 days), and log-rank test results showed a significant
difference between the groups with and without PPI adminis-
tration (P=0.014).

On the other hand, administration of UDCA and presence of
PD were found to be significant factors in 65 and 44 subjects,
respectively. From the cohorts with and without each variable,

we extracted 26 and 28 pairs, respectively, and subjected them
to Kaplan-Meier analysis, which found no significant difference
between them in regard to recurrence-free period (1557 vs.
1654 days, P=0.508; 1169 vs. 2011 days, P=0.121; respective-
ly) (▶Fig. 2, ▶Fig. 3).

Discussion
This study was undertaken to answer clinical questions regard-
ing why CBDS recurrence occurs after ES. Although some sus-
pected risk factors have been reported [4, 5, 7–9], few investi-
gations have been conducted to clarify whether oral medicine
use increases the risk of recurrence. We speculated that PPI ad-
ministration may increase the risk of CBDS recurrence and eval-
uated candidate risk factors using a COX proportional hazard
model, which showed that PPI and UDCA administrations, as
well as presence of PD were related to the recurrence-free peri-
od in the present subjects. Thereafter, propensity score match-
ing analysis indicated that oral PPI administration alone was an
independent factor to increase risk of CBDS recurrence. Al-
though various factors related to biliary complications in pa-
tients who have undergone ES have been identified, few studies
have considered oral drugs or underlying diseases in their eva-
luations of risk factors related to CBDS recurrence in those
cases. The current COX proportional hazard model revealed
that PPI was a risk factor, although several characteristics
known to affect CBDS recurrence were not included in the anal-
ysis, due to the limitation regarding number of variables. To
solve that issue, we used propensity score matching in the cur-
rent study. A pitfall of propensity score matching analysis is re-
duction in sample size. On the other hand, it can adjust for nu-
merous characteristics by consolidating many covariates into a
propensity score and can reduce bias to a greater degree as
compared with a COX proportional hazard model. This is an im-
portant advantage of this method and we considered that the
benefit of reducing bias was greater as compared to the disad-
vantage of sample size reduction. Therefore, we performed
propensity score matching analysis in addition to a COX propor-
tional hazard model in the current study.

▶ Table 1 Baseline characteristics of patients (n = 219).

Median age in years (IQR) 77 (68–82)

Female gender 85 (39%)

Periampullary diverticula 44 (20%)

Post-cholecystectomy 27 (12%)

Past illness

History of cerebral infarction 21 (9.6%)

History of coronary disease 16 (7.3%)

Present illness

Hypertension 96 (44%)

Hypercholesterolemia 39 (18%)

Hypertriglyceridemia 4 (1.4%)

Diabetes 37 (17%)

Drugs

Antiplatelet 38 (17%)

PPI 73 (33%)

UDCA 65 (29%)

Mechanical lithotripsy 38 (17%)

Median observation period in days (IQR) 454 (171 –1082)

CBDS recurrence 44 (20%)

▶ Table 2 Independent variables related to CBDS recurrence shown
by multivariate COX proportional hazard model.

Independent

variables

HR 95% confidence interval P value

Lower limit Upper limit

Cholecys-
tectomy

0.708 0.252 1.990 0.513

Mechanical
lithotripsy

0.659 0.306 1.418 0.286

PD 1.873 0.957 3.668 0.067

PPI 2.232 1.241 4.015 0.007

UDCA 1.959 1.119 3.428 0.019

PD, periampullary diverticula; PPI, proton pump inhibitor; ursodeoxycholic
acid
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Findings of COX proportional hazard model analysis indica-
ted that UDCA administration was related to a shortened recur-
rence-free period in the present subjects. However, UDCA is the
most widely used therapeutic agent for treatment of cholestat-
ic hepatopathies [17–19] and the reason for this discrepancy is
unclear. Interestingly, Akiyama et al. also reported that recur-
rent CBDS was associated with UDCA treatment and suggested
that the drug causes stone formation via an unknown mecha-
nism [20]. Although UDCA use may be shown to be a risk factor

for CBDS recurrence in a future study, the present propensity
score matching analysis found no difference between the re-
currence-free periods in patients with and without UDCA ad-
ministration, suggesting that UDCA itself is not a causative fac-
tor.

In addition, our analysis using a COX proportional hazard
model indicated that presence of PD was also related to a shor-
tened recurrence-free period, although the difference was not
significant. PD has been reported to be a risk factor for devel-
opment of CBDS, while intra-diverticular overgrowth of bacter-
ia and bile flow disturbance are also believed to increase its in-
cidence [21, 22]. As noted in those studies, clinical presence of
PD is thought to be a risk factor and the hazard ratio was 1.873
in the current COX proportional hazard model findings, thus we
cannot deny that possibility. However, the current propensity
score matching analysis found no significant difference be-
tween cohorts with and without PD, although it is possible
that the low sample size due to matching analysis reduced the
power of the calculation.

The current COX proportional hazard model and propensity
score results revealed that PPI administration increases CBDS
recurrence in patients who undergo ES. Although PPIs are com-
monly prescribed and have been found to have a low rate of ad-
verse effects, there are recent reports showing that long-term
recipients experience various complications, such as pneumo-
nia, Clostridium difficile infection, and collagenous colitis, as
well as malabsorption of vitamin B12, Mg, and Ca[10–12, 23].
Alternatively, SIBO is also considered to occur in patients re-
ceiving PPIs [13], as that was detected in 50% of affected pa-
tients as compared to 6% of healthy control subjects in a pre-
vious study [14]. Bacterial colonization correlated with forma-
tion of gallstones as well as bacterial infection have been pro-
posed as key factors in the pathogenesis of pigment gallstones
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▶ Fig. 1 Kaplan-Meier curves showing cumulative non-incidence of
CBDS recurrence in matching cohorts with and without PPI admin-
istration. The estimated mean recurrence-free period was signifi-
cantly shorter in the PPI oral cohort (1613 vs. 2587 days, P=0.014).
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▶ Fig. 2 Kaplan-Meier curves showing cumulative non-incidence
of CBDS recurrence in matching cohorts with and without UDCA.
There was no significant difference between the cohorts (1557 vs.
1654 days, P=0.508).
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▶ Fig. 3 Kaplan-Meier curves showing cumulative non-incidence of
CBDS recurrence in matching cohorts with and without PD. There
was no significant difference between the cohorts (1169 vs. 2011
days, P=0.121).
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[24–25]. Furthermore, Rongchun et al. reported that the rate
of duodenobiliary reflux (DBR) was increased in patients with
recurrent CBDS, as the function of the sphincter of Oddi was
found to be significantly worse in a post-ES group as compared
to a post-EPBD group [26]. Damage to the sphincter of Oddi
after an ES procedure may lead to biliary infection and stone re-
currence secondary to reflux of duodenal contents into the bile
duct [27, 28]. Also, SIBO induced by PPI use might lead to bac-
terial infection of the bile duct via DBR in patients who have un-
dergone ES. The present findings suggest that oral PPI adminis-
tration increases the risk of CBDS recurrence in patients who
undergo ES via bacterial overgrowth in the small intestine,
especially the duodenum. On the other hand, there are no
known published findings regarding cultured bacteria obtained
from the duodenum of CBDS patients with or without PPI ad-
ministration, and such a study is needed.

Our study is limited by the small sample size, which did not
allow for adequate analysis of additional candidate risk factors
related to CBDS recurrence. Furthermore, in this retrospective
investigation, gallbladder status could not be included due to
the small sample size, thus CBDS recurrence caused by escape
of gallbladder stones could not be distinguished from CBDS re-
currence derived from duodenobiliary reflux. However, it is dif-
ficult to determine the type of stones in patients with CBDS re-
currence. Accordingly, a multicenter study with a larger sample
size is needed in order to confirm our findings.

Incidence of CBDS recurrence was 20% in this study, higher
than that noted in other reports [6], which may have been the
result of inclusion of cholangitis among the criteria to deter-
mine recurrence. Although cholangitis should be distinguished
from CBDS, it is difficult to differentiate those conditions clini-
cally, because cholangitis is often complicated in patients with
CBDS. Therefore, cholangitis was included with recurrence of
CBDS as the primary endpoint of the present study.

Conclusion
In summary, our findings revealed that PPI administration is a
risk factor for CBDS recurrence in patients who have been treat-
ed with ES. Although PPIs are the most commonly prescribed
drugs for these cases and indispensable in clinical practice, con-
tinuation of unnecessary administration should be avoided. No-
tably, patients who have undergone an ES procedure should be
carefully monitored.
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