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Abstract:

Objective Endoscopic papillary large-balloon dilation (EPLBD) for common bile duct (CBD) stone removal
has been confirmed to be safe and effective in the short term. The long-term outcomes of EPLBD, which
have not been sufficiently evaluated, were therefore investigated in this study.

Methods For patients who had undergone endoscopic CBD stone removal with EPLBD between October
2011 and December 2015, follow-up surveys were conducted using a postal survey, telephone interview, or
medical record review in August 2017. The main outcome measurement was the recurrence rate of CBD
stones after complete stone removal with EPLBD in patients who received follow-up for more than one year.
Risk factors for such recurrence were secondarily analyzed.

Results Of the 98 patients treated using EPLBD, 93 (95%) were followed up after complete stone removal
and analyzed for the long-term outcomes. During the mean follow-up period of 33.7+16.6 months, CBD
stones recurred in 16 patients (17%) with a mean interval of 12.7+12.7 months. Univariate analyses showed
that a large stone size, multiple stones, a large distal CBD diameter, and a history of cholecystectomy were
significant risk factors for stone recurrence (p=0.022, 0.013, 0.001 and 0.035, respectively). The large distal
CBD diameter was the only significant risk factor for stone recurrence in a multivariate analysis (hazard ra-
tio, 1.227; p=0.031).

Conclusion The long-term outcomes of EPLBD for CBD stones, including the rate of stone recurrence,
were found to be acceptable. A large distal CBD diameter was an independent risk factor for stone recur-
rence.
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ing EST to remove such difficult CBD stones in 2003 (1).

Introduction

Endoscopic sphincterotomy (EST) is a well-established,
standard technique for preparing to remove common bile
duct (CBD) stones. However, endoscopic removal is often
challenging for difficult stones, such as huge stones, numer-
ous stones, or stones in the tortuous bile duct, even if EST
is successfully performed. Ersoz et al. first reported using
endoscopic papillary large-balloon dilation (EPLBD) follow-

Since then, EPLBD has been confirmed to be safe and ef-
fective with respect to the short-term outcomes (2-5).
According to several meta-analyses, the rates of early ad-
verse events and mechanical lithotripsy usage are signifi-
cantly lower when large or multiple stones have been re-
moved after EPLBD than when EPLBD is not per-
formed (2-4). However, the long-term outcomes of EPLBD
have not been sufficiently evaluated (6-15). An impaired
function of the biliary sphincter due to EPLBD might in-
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duce complications derived from reflux (16), whereas a
widely opened orifice might prevent new stone formation.
Therefore, we conducted this retrospective cohort study to
evaluate the long-term outcomes of EPLBD for CBD stones,
including the rate of stone recurrence and its risk factors.

Materials and Methods

Patients

All patients who underwent EPLBD for CBD stone re-
moval at our center between October 2011 and December
2015 were extracted using a prospectively maintained data-
base. EPLBD was defined as mechanical dilation of the ma-
jor duodenal papilla using a balloon with a diameter >12
mm. When stones were large (maximal diameter >10 mm)
or multiple (23) in the dilated (210 mm) distal bile duct,
EPLBD was performed at the endoscopist’s discretion. Pa-
tients with acute pancreatitis, coagulopathies (prothrombin
time-international normalized ratio >1.6), a platelet count <
50,000/uL, or antithrombotic therapy did not undergo
EPLBD. Patients with a history of surgical choledochoduo-
denostomy or endoscopic papillectomy and those with bili-
ary stricture were excluded from this study because such
conditions might be disturbing factors that influence the
long-term outcomes. The presence of CBD stones was con-
firmed using imaging examinations, including abdominal ul-
trasonography (US), computed tomography (CT), magnetic
resonance imaging (MRI), and/or endoscopic ultrasound
(EUS), before endoscopic stone removal.

This study was approved by the Institutional Review
Board of our center (registration number: 2017-0020). All
patients provided their written informed consent for the en-
doscopic procedures.

Endoscopic procedures

Endoscopic retrograde cholangiopancreatography (ERCP)
was performed using a duodenoscope (TJF-260V, JE-260V;
Olympus, Tokyo, Japan) under moderate sedation with intra-
venous administration of midazolam and pentazocine. For
patients with a surgically altered anatomy, such as Billroth
I and Roux-en-Y reconstruction, an oblique viewing endo-
scope (XK-240; Olympus) or a single-balloon enteroscope
(SIF-Q260; Olympus) was used. After cholangiography was
performed with a selectively inserted 5.5-Fr cannula (StarTip
PR-104Q-1 or PR-110Q-1; Olympus), small or middle-sized
EST was performed if it had not been previously performed.
A balloon catheter (GIGA, Century Medical, Tokyo, Japan;
CRE, Boston Scientific Japan, Tokyo, Japan; StoneMaster V,
Olympus) was positioned across the papilla and gradually
inflated under endoscopic and fluoroscopic guidance. The
balloon was usually kept inflated for 30 seconds after the
diameter reached the intended size that had been determined
in reference to the size of the largest stone and the distal
CBD. The balloon was not fully inflated to the intended size
when the tapered distal bile duct was stiff and could not be

expanded smoothly and when abdominal pain newly
emerged. CBD stones were removed using a basket and/or a
balloon catheter after EPLBD.

Huge stones were crushed using a mechanical lithotripter.
Complete stone removal was confirmed by the absence of
filling defects in the final cholangiography obtained using a
balloon catheter. When stones were not completely removed
during the EPLBD session, a plastic stent was temporarily
placed to avoid biliary obstruction, and endoscopic proce-
dures were repeated until complete removal was achieved.
All patients were hospitalized for at least 24 hours after en-
doscopic treatment to evaluate adverse events, especially
post-ERCP pancreatitis.

Follow-up investigation

Patients in whom stones were not completely removed
were excluded from the evaluation of the long-term out-
comes (Fig. 1). The prevalence of biliary complications dur-
ing the follow-up period was finally evaluated on August
2017. In patients who were regularly followed up at the out-
patient clinic after EPLBD, symptoms related to biliary
complications (such as abdominal pain and jaundice) and
blood examination and/or abdominal US findings were
evaluated at every follow-up visit. When biliary complica-
tions were suspected, additional examinations, such as CT,
EUS, and ERCP, were performed. For patients whose
follow-up was terminated within a year after the procedure,
postal and/or telephone surveys were conducted to evaluate
biliary complications and the survival in August 2017
(Fig. 1). A postal questionnaire including the following three
items was initially sent to all patients: 1) occurrence of bili-
ary complications, including CBD stone recurrence, cho-
langitis, and cholecystitis, experienced at another hospital; 2)
treatment for the complication (if applicable); and 3) the
date and cause of death (if applicable). If there was no re-
sponse to the questionnaire or the response was insufficient,
a telephone interview with the patient or the primary care
doctor was conducted by one of the investigators (T. M.).
When on-going biliary complications were suspected based
on their symptoms in these surveys, patients were recom-
mended to visit the outpatient clinic for the diagnosis and
treatment. Patients who refused to reply or who inappropri-
ately replied were excluded from the analyses of the long-
term outcomes (Fig. 1). Patients without a diagnosis of bili-
ary complications at another hospital nor symptoms possibly
related to biliary complications were defined as being free
from biliary complications until surveillance after the proce-
dure. The follow-up period was defined as the time from
complete stone removal to the latest date among the final
visit, postal survey reply, telephone interview, and death.

Outcome measurements

The main outcome measurement was the recurrence rate
of CBD stones after complete stone removal with EPLBD
during the follow-up period. Secondary outcome measure-
ments were technical success, procedure-related adverse
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Figure 1.
balloon dilation

events, and the patient survival period. In addition, other
biliary complications, such as acute cholecystitis, acute non-
calculous cholangitis, liver abscess, and biliary cancer, dur-
ing follow-up were evaluated. CBD stone recurrence was
defined as recurrent stones confirmed by ERCP during the
follow-up period.

In addition, risk factors for stone recurrence were ana-
lyzed. The following factors were investigated: the age, sex,
the longest diameter of the largest stone, number of stones,
diameter of the distal CBD, angle of the CBD curvature (7),
tapered shape of the distal CBD, periampullary diverticulum,
a history of CBD stone removal, surgically altered anatomy,
a history of cholecystectomy, cholecystectomy within one
month after EPLBD, gallbladder stones, number of ERCP
sessions required for complete stone removal, total proce-
dure time, and use of mechanical lithotripsy. The size of the
balloon was not evaluated as a factor because of its correla-
tion with the diameter of the distal CBD. The diameter and
number of stones, diameter of the distal CBD, tapered shape
of the distal CBD, and angle of the CBD curvature were
evaluated using endoscopic cholangiography. Sizes were
measured in reference to the diameter of the endoscope. The
total procedure time was defined as the total time of all en-
doscopic sessions required for complete stone removal.
Procedure-related adverse events, such as post-ERCP pan-
creatitis (PEP), acute cholangitis, perforation, and bleeding,

@=2)

Flowchart of this study. CBD: common bile duct, EPLBD: endoscopic papillary large-

were defined according to the Consensus Criteria (17).
Statistical analyses

Continuous variables were presented as mean values with
standard deviations, whereas categorical variables were re-
ported as patient numbers and percentages. Continuous vari-
ables were compared using unpaired Student’s #- or Mann-
Whitney tests, and categorical variables were compared us-
ing the chi-square or Fisher’s exact tests, as appropriate. The
cumulative recurrence rates of CBD stones during the
follow-up period were analyzed using the Kaplan-Meier
method. Univariate analyses using a log-rank test with
Kaplan-Meier curves were performed for the above-
mentioned candidate factors. Factors with a p value <0.1 in
the univariate analysis were extracted as candidates for the
multivariate analysis using the Cox proportional hazard
model. Hazard ratios and their 95% confidence intervals
were calculated from the results of the multivariate analysis.
A p value of <0.05 was considered to be statistically signifi-
cant. The SPSS software program (version 24; IBM Japan,
Tokyo, Japan) was used for all analyses.
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Table 1. Patients’ Characteristics. Table 2. Short-term Outcomes.

Number of patients 98 Balloon size, mm 14.0+1.5

Age, years 78.8+£8.7 Complete stone removal 95 (96.9%)

Sex, male/female 51/47 Number of sessions required for complete stone removal

Largest stone size, mm 16.1+£5.2 1 78 (82.1%)

Number of stones 3.0+£2.3 >2 17 (17.9%)

Diameter of the distal CBD, mm 13.6+2.7 Total procedure time, minutes 62445

Angle of the CBD curvature, degrees 139+21 Mechanical lithotripsy 33 (33.7%)

Tapered shape of the distal CBD 41 (41.8%) Adverse events 6 (6.1%)

Periampullary diverticulum 48 (49.0%) Pancreatitis 2

History of CBD stone removal 42 (42.9%) Cholangitis 1

Surgically altered anatomy Cholecystitis 1
None 56 (57.1%) Bleeding 1
Distal gastrectomy, Billroth I reconstruction 4 (4.1%) Perforation 1
Distal gastrectomy, Billroth II reconstruction 10 (10.2%)

Distal gastrectomy, Roux-en Y reconstruction 8 (8.2%)
Total gastrectomy, Roux-en Y reconstruction 20 (20.4%) )

Status of the gallbladder telephone surveys after loss to follow-up. Ninety-three pa-
Previous cholecystectomy 40 (40.8%) tients were ultimately analyzed for the long-term outcomes
Gallbladder with stones in situ 36 (36.7%) after the elimination of ineligible patients (Fig. 1).
Gallbladder without stones in situ 22 (22.4%) During the mean follow-up period of 33.7+16.6 months,

CBD: common bile duct

Results

Patients’ characteristics and short-term outcomes

EPLBD for CBD stones was performed in 98 patients be-
tween October 2011 and December 2015. The baseline char-
acteristics of these patients are shown in Table 1. Forty-two
patients (42.9%) had a history of CBD stone removal fol-
lowing EST with a median interval of 17 months (range 2-
281).

The short-term outcomes of EPLBD are summarized in
Table 2. Stones were completely removed after EPLBD with
a mean balloon diameter of 14.0+1.5 mm in 95/98 patients
(96.9%). For one patient among the three in whom the
stones were not completely removed, endoscopic maneuvers
were extremely limited by anatomical problems related to
Roux-en-Y reconstruction, so the stones were surgically re-
moved. For another patient, a second ERCP procedure was
not performed for complete removal due to the poor per-
formance status. For the other patient with Roux-en-Y re-
construction, endoscopic treatment was abandoned because
of jejunal perforation during scope insertion for the second
ERCP procedure, and the patient was successfully treated
with immediate surgical repair and simultaneous stone re-
moval. Other adverse events, including post-ERCP pancrea-
titis, acute cholangitis, and cholecystitis, were all mild and
conservatively resolved.

Long-term outcomes

Of the 95 patients with endoscopic complete stone re-
moval, 39 were periodically followed up at the outpatient
clinic, and the other 56 were investigated using postal or

CBD stones recurred in 16 patients (17.2%) with a mean in-
terval of 12.7+12.7 months (Fig. 2a). Recurrent stones
(mean number of stones, 3.0+1.6; mean size of largest
stone, 12.1+4.6 mm) were removed using endoscopy in all
cases. Acute cholangitis without stone recurrence, which was
confirmed using ERCP, was observed for 3 patients (3.2%).
All of them improved with antibiotics.

Acute cholecystitis occurred in 5 of 48 patients (10.4%)
who had not undergone cholecystectomy. Of these five pa-
tients, four underwent cholecystectomy, and the other patient
recovered with medication without intervention. Other bili-
ary complications, such as liver abscess and biliary cancer,
were not observed during the follow-up period.

Nineteen patients (20.4%) died during follow-up for vari-
ous reasons, including cardiac disease (n=0), pneumonia (n=
4), malignancy (n=4), senility (n=4), and traffic injury (n=
1); no patients died of a biliary disease.

Risk factors for CBD stone recurrence

According to the univariate analyses using the log-rank
test, a large stone size, multiple stones, a large CBD diame-
ter, and history of cholecystectomy were significant risk fac-
tors for stone recurrence (p=0.022, 0.013, 0.001, and 0.035,
respectively) (Table 3, Fig. 2b-e). Among the 6 factors with
a p value <0.1, a large CBD diameter was the only signifi-
cant risk factor for stone recurrence according to a multi-
variate analysis with the Cox proportional hazard model
[hazard ratio, 1.227 (95% confidence interval, 1.019-1.479),
p=0.031] (Table 4).

Discussion

Since the confirmation of the technical safety and efficacy
of EPLBD for removing large or multiple CBD stones, the
long-term outcomes, including stone recurrence and other
biliary events, have been discussed. After impairment of the
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(a) Kaplan-Meier plot of the cumulative recurrence of CBD stones in a total of 93 patients

after complete stone removal with EPLBD. CBD: common bile duct, EPLBD: endoscopic papillary
large-balloon dilation (b) Kaplan-Meier plot of the cumulative recurrence of CBD stones divided by
the number of stones. (¢) Kaplan-Meier plot of the cumulative recurrence of CBD stones divided by
the largest stone size. (d) Kaplan-Meier plot of the cumulative recurrence of CBD stones divided by
the CBD diameter. (e) Kaplan-Meier plot of the cumulative recurrence of CBD stones divided by the

history of cholecystectomy at EPLBD.

sphincter of Oddi function, stone formation can be induced
by duodenobiliary reflux via the widely opened orifice, al-
though this might paradoxically prevent stone formation as
well because of a smooth bile flow. Nine studies focusing
on the long-term outcomes of EPLBD have previously been
reported (6-14) (Table 5). However, most of these studies
are associated with methodological concerns, making a pre-
cise interpretation difficult.

Most patients did not undergo periodic follow-up after
stone removal at the hospitals conducting the previous stud-
ies. The evaluation of the long-term complications seems to

be less reliable because additional surveys, such as contact
by phone or mail, were not conducted, resulting in a rela-
tively high percentage of dropout candidates. We conducted
such surveys under an elaborate study protocol to estimate
the precise rates in order to minimize dropout (2 dropouts
among 95 eligible patients). Although the cumulative stone
recurrence rate was higher in the present study (17.2%) than
in those previous reports, our results appear to be more ac-
curate. The insufficient evaluation of the long-term compli-
cations is reflected in the lack of a reported mortality rate in
7 of 9 studies (6-9, 11, 13, 14). We studied for the first time
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Table 3. Univariate Analyses of Risk Factors for Stone Recurrence Using the
Log-rank Test.

n recurrence, n p value

Age, years 0.734
<80 43 8
>80 50 8

Sex 0.442
Male 46 7
Female 47 9

Largest stone size, mm 0.022
<16 46 4
> 16 47 12

Number of stones 0.013
1 37 2
>2 56 14

Diameter of distal CBD, mm 0.001
<15 67 6
>15 26 10

Angle of the CBD curvature, degrees 0.642
<135 33 5
>135 60 11

Tapered shape of the distal CBD 0.962
Yes 40 7
No 53 9

Periampullary diverticulum 0.079
Present 47 11
Absent 46 5

History of CBD stone removal 0.123
Yes 39 10
No 54 6

Surgically altered anatomy 0.061
Billroth II or Roux-en Y reconstruction 35 3
None or Billroth I reconstruction 58 13

History of cholecystectomy 0.035
Yes 37 10
No 56 6

Cholecystectomy within 1 month after EPLBD 0.200
Yes 45 10
No 48 6

Gallbladder stones 0.562
Yes 34 5
No 59 11

Number of sessions required for complete stone removal 0.189
1 76 11
>2 17 5

Total procedure time, minutes 0.889
<60 59 10
> 60 34 6

Mechanical lithotripsy 0.163
Yes 31 8
No 62 8

CBD: common bile duct, EPLBD: endoscopic papillary large-balloon dilation

the mortality by the cause of death in patients after EPLBD, late complications cannot be evaluated using simple divi-
noting that EPLBD appeared associated with relatively few sions because they are strongly related to the elapsed time.
critical events, even after a long interval. To handle these time-related outcomes, statistical calcula-

In several previous studies, there were analytical problems tions for the cumulative survival, such as the log-rank test
in evaluating time-to-event outcomes. The rates and risks of and Cox proportional hazard model, should be applied.
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Table 4. Multivariate Analysis of Risk Factors for Stone Recur-
rence Using the Cox Proportional Hazard Model.

HR 95% C1 p value
Largest stone size 0.999 0.890-1.122  0.886
Number of stones 1.039  0.842-1.283 0.720
Diameter of the distal CBD 1.227  1.019-1.479 0.031
Periampullary diverticulum 1.518 0.486-4.743 0.473
Billroth II or Roux-en Y reconstruction ~ 0.545  0.141-2.106 0.379
History of cholecystectomy 2316  0.821-6.531 0.112

HR: hazard ratio, CI: confidence interval, CBD: common bile duct

There has been only one study in which late complications
and their risk factors were evaluated using appropriate statis-
tical methods (13). In the study by Maruta et al. (13), the
Cox proportional hazard model was applied to investigate
risk factors for late adverse events-defined as stone recur-
rence, cholangitis, or cholecystitis after EPLBD or EST-and
the results indicated that the number of endoscopic sessions
required (>2) was the only significant risk factor. Other
studies with assessments of long-term outcomes have instead
applied the logistic regression model which is not suitable
for investigating time-to-event risk factors because, for ex-
ample, a patient without recurrence after five years and an-
other without recurrence after only a year have the same
significance in the logistic regression model. In the present
study, the number of endoscopic sessions required was not a
significant risk factor for stone recurrence according to a
univariate analysis (p=0.189). The size and number of
stones, which are theoretically associated with the number
of endoscopic sessions, were found to have a larger impact
than the number of sessions (p=0.022 and 0.013, respec-
tively; Table 3).

In the present study, the large distal CBD diameter was
the only significant risk factor for stone recurrence on the
basis of the Cox proportional hazard model. Furthermore, it
has been reported as a significant risk factor in several pre-
vious reports (6, 8, 10, 11). Although why stones tend to re-
cur in the dilated CBD remains unclear, bile stasis and bac-
terial contamination due to hypofunction of the biliary out-
flow, which causes CBD dilation, may be involved. In addi-
tion, stone fragments may remain because of extreme diffi-
culty in detecting small floating material in a large duct dur-
ing the procedure. For such high-risk patients, periodic sur-
veillance with the utmost care should be practiced in order
the detect any stone recurrence.

We investigated acute cholangitis without stone recurrence
separately from calculous cholangitis and found an occur-
rence rate of 3.2%. Duodenobiliary reflux and bacterial con-
tamination of the CBD due to impairment of the sphincter
function after EPLBD may increase the risk of non-
calculous cholangitis, which should be independently evalu-
ated. In two of the three previous studies in which non-
calculous cholangitis was analyzed (8, 12), no patients de-
veloped non-calculous cholangitis, and in the other study by
Li et al. (10), the occurrence rate was 4.7% during a mean

follow-up period of 71.6 months. EPLBD does not appear to
be related to non-calculous cholangitis.

The occurrence rate of acute cholecystitis in patients with-
out cholecystectomy was 10.4%, which is similar to the
rates reported in 3 previous studies (4.8-10.7%) (8, 10, 14).
In the present study, all 5 cases of acute cholecystitis oc-
curred in patients with gallstones (5/26, 19.2%), whereas
none of the other 22 patients without gallstones developed
acute cholecystitis during the follow-up period (0/22, 0%).
In a previous randomized trial (18), the authors recom-
mended prophylactic cholecystectomy for patients with gall-
bladder stones after EST for CBD stone removal because of
the high occurrence rate of recurrent biliary events, includ-
ing acute cholecystitis, if cholecystectomy is not performed.
In that randomized trial, 37% of patients (22/59) with gall-
stones who had been allocated to the wait-and-see group
without cholecystectomy underwent cholecystectomy mainly
for biliary pain (n=13) or acute cholecystitis (n=7) during a
median follow-up period of 30 months. Based on the results
of the present study, prophylactic cholecystectomy should
also be recommended after EPLBD for patients with gall-
bladder stones. The present study also implied that EPLBD
did not affect the development of acute cholecystitis in pa-
tients without gallstones.

Several limitations associated with the present study war-
rant mention. First, this was a single-center retrospective
study with a relatively small population. However, all pa-
tients who underwent EPLBD for CBD stone removal dur-
ing the study period were extracted using the prospectively
maintained database in a high-volume center where >2,000
pancreatobiliary endoscopy procedures are performed per
year. The prospective collection minimized selection bias,
and abundant experience ensured clinical stability. Further-
more, well-designed, detailed and careful evaluations for
long-term complications were conducted in this study, re-
sulting in only two patients being excluded from the long-
term analyses (Fig. 1). Second, since no control group was
defined in this study, the results of EPLBD for CBD stone
removal could not be compared with those of no EPLBD. A
retrospective comparison was not considered to provide
more valuable data than that of previously published com-
parative studies because EPLBD was applied at the endosco-
pist’s discretion without any definite criteria and without de-
tailed reasons described in the medical records during the
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of CBD stones may include both types in real-world clinical

study period (6, 7, 12-14). Finally, stones recurred after a

relatively short interval in several cases in this study practice.

(Fig. 2a), suggesting that such recurrence might be attributed

In conclusion, the long-term outcomes of EPLBD for
large or multiple CBD stones were found to be acceptable

to not only newly formed stones but also residual stones.

in this study with minimal dropouts from all retrospectively
extracted patients; this means that the results were reliable

However, it is difficult to distinguish between true stone re-

currence and residual stones. This means that the recurrence
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as real-world data. A large distal CBD diameter was the
only independent risk factor for stone recurrence. Further
well-designed, prospective large-scale studies are warranted
to establish strategies for removing difficult stones with the
goal of improving the long-term outcomes.
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