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Abstract

Background Endoscopic sphincterotomy (EST) is the
standard treatment for biliary duct stones. However, per-
forming additional cholecystectomy after EST is contro-
versial. In this study, we aimed to evaluate the effects of
cholecystectomy after EST.

Methods Between December 2008 and July 2011, we
performed a prospective, randomized, single-center trial in
90 patients with proven gallstones who underwent EST and
stone extraction. After the procedure, patients were ran-
domly allocated to undergo cholecystectomy (n = 45) or
to the group of GB left in situ (n = 45). The primary
outcome was biliary complications at follow-up.

Results Cholecystectomy was performed in 26 patients
(60.5 %) in cholecystectomy group and in 13 patients
(28.9 %) in intended conservative group. The median fol-
low-up was 41 months. An intention-to-treat analysis
showed that 8 patients (18.6 %) in the cholecystectomy
group and 9 (20.0 %) in those who had their GB left in situ
had recurrent biliary events (Kaplan—Meier curve, Breslow
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test, p = 0.555). In an as-treated analysis, 4 patients
(10.3 %) who underwent cholecystectomy and 13 patients
(26.5 %) who did not undergo cholecystectomy had addi-
tional biliary events during the follow-up period (Log-rank,
p = 0.037). However, additional biliary events of cholan-
gitis were similar in the two groups, except for a case of
cholecystitis (Log-rank, p = 0.998).

Conclusions Cholecystectomy after EST for biliary duct
stones fails to reduce additional recurrent cholangitis but
reduces additional cholecystitis.

Keywords Cholecystectomy - Endoscopic
sphincterotomy - Cholangitis - Cholecystitis

Endoscopic sphincterotomy (EST) is the standard treatment
for bile duct stones. However, after EST, recurrent biliary
events occur in 7-47 % of cases within a 2.5—15-year follow-
up period [1-5]. To reduce recurrent biliary events after EST,
additional cholecystectomy is an optional treatment after
EST. However, there is some doubt whether this strategy
reduces biliary events, especially choledocholithiasis related
biliary events [1, 6-8]. In addition, primary biliary duct stones
are predominant among Asians, rather than in Western pop-
ulations [9]. Therefore, to validate the clinical usefulness of
cholecystectomy after EST, we compared the effects of cho-
lecystectomy after EST with those of leaving the gallbladder
(GB) in situ after EST for choledocholithiasis.

Methods
Study design

This study was a randomized, controlled trial that com-
pared the effects of cholecystectomy with those observed
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after leaving the GB in situ after EST for choledocholi-
thiasis. The Ethics Committee at the Kyungpook National
University Hospital approved the study protocol, and
patients provided their consent for participation in this
study. This study was registered at Clinical Trial Registry
(www.cris.nih.go.kr, approved number: KCT 0000017).
The study followed good clinical practice as well as the
guidelines of the Declaration of Helsinki.

Patients

We recruited patients from the departments of internal
medicine and gastroenterology of Kyungpook National
University Hospital from December 2008 to July 2011. All
patients between 18 and 90 years of age, who had under-
gone EST and extraction of common bile duct (CBD) stone
and had radiologically proven gallstones through abdomi-
nal ultrasonography, computed tomography, or endoscopic
ultrasonography, were eligible for the trial. We excluded
patients who were not willing to participate or patients with
a previous history of extraction of CBD stones, intrahepatic
stones, combined pancreatobiliary malignancy, cholecys-
titis, were not fit for surgery (American Society of Anes-
thesiologists (ASA) physical status grade IV and V), or had
severe comorbidities that could affect their life spans.

Intervention and randomization

The initial endoscopic retrograde cholangiopancreatogra-
phy (ERCP) was performed using a side-viewed endoscope
(TJF-160; Olympus Optical Corporation, Tokyo, Japan).
EST was performed using a wire-guided sphincterotome
(Olympus Optical Corporation). The CBD stones were
extracted using basket, balloon, or lithotripsy occasionally.

Before hospital discharge, patients were randomly
allocated to one of two assigned groups: to undergo a
laparoscopic cholecystectomy or have their GB left in situ
with cholecystectomy available on demand. Computer-
generated randomization was performed by an external
statistician using SPSS software (version 18.0, Chicago, IL,
USA). The random list was kept by the study coordinator.
The patients were enrolled and treatment assignment
ascertained by the study investigators.

Follow-up

After hospital discharge, patients in each of the treatment
groups visited our outpatient department every 3 months.
Laboratory test and imaging, such as abdominal ultraso-
nography or computed tomography, were conducted, if
clinically needed. Those who did not return for scheduled
clinical follow-up were contacted by telephone to check on
their status.

Outcomes

The primary endpoint was at least a recurrent biliary event
after initial EST. Biliary events included cholangitis, cho-
lecystitis, obstructive jaundice, biliary colic, or GB carci-
noma. Secondary endpoints were defined as the interval
between EST and cholecystectomy, the rate of patients
converted to open cholecystectomy, and adverse events of
EST or cholecystectomy.

Sample size calculation and statistical methods

After EST with stone extraction, the recurrent biliary event
rate was known as 20 % in those whom the GB was left
in situ and 1 % in those who underwent cholecystectomy.
To detect such a difference with a power of 0.80 and a two-
sided o = 0.05, the required number of patients in each
group was 40 patients. We expected a dropout of 10 %; 90
patients were randomly allocated to each group.

Analysis was performed by intention-to-treat (ITT), per-
protocol (PP), and as-treated. Significances of differences
between groups were tested using Fisher’s exact test and
Student’s ¢ test. The Kaplan—-Meier method was used to
determine the times to events. The log-rank test or Breslow
test were performed to compare the recurrent biliary events
between the two groups using SPSS software (version 18.0,
Chicago, IL, USA).

Results
Participant flow

A total 554 patients with bile duct stones were referred for
ERCP and stone removal at our institution between
December 2008 and July 2011. We excluded 464 patients
from the trial because of a previous history of extraction for
CBD stones (n = 158), combined cholecystitis (n = 41),
no EST (n = 108), age > 90 years (n = 13), combined
pancreatobiliary malignancy (n = 34), no GB stone
(n = 39), or no consent (n = 36). Ninety patients with
cholangitis, CBD stones, and concomitant gallstones were
enrolled in this study. After ERCP with stone extraction,
these patients were randomly allocated to undergo chole-
cystectomy (n = 45) or to have their GB left in situ
(n = 45). Two patients in the cholecystectomy group were
withdrawn from this study; thus, 88 patients were analyzed.
Nine patients did not complete the trial (five patients died
of another non-biliary disease, and four patients moved
from the area without leaving an address). Twenty-six
patients (67.4 %) underwent cholecystectomy, and 17
patients (37.8 %) in whom the GB was left in situ group
received cholecystectomy (Fig. 1).
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Patients with bile duct
stones (n = 554)

Excluded (n = 464)
Previous Hx of Tx for CBD stones

(n=158)
Combined cholecystitis (n = 41)
No EST (n = 108)

Combined IHD stone (n = 35)
Age > 90 (n =13)
Combined pancreatobiliary

Randomized (n = 90)

malignancy (n= 34)
No GB stone (n = 39)

No consent (n = 36)

l

Allocated to laparoscopic
cholecystectomy group (n=45)

Exclusion d/t criteria
(n=2)

Received cholecystectomy (n = 26)
Do not perform cholecystectomy (n=17)

4 discontinued after 6
months
(2 died

2 moved, no address)

i Analysed for
[ > primary outcome
(n =43)

Fig. 1 Participant flow diagram

Baseline characteristics

Similar baseline characteristics were observed between the
two study groups. However, patients with non-biliary
malignancies and high ASA grade were predominant in the
group in which the GB was left in situ (Table 1).

Primary outcomes

According to the intention-to-treat analysis, the cumulative
recurrence of additional biliary-related events was similar
between the two groups when analyzed using the Kaplan—
Meier survival curve (Breslow test, p = 0.555) (Fig. S1). In
the per-protocol analysis, the cumulative recurrence of addi-
tional biliary-related events was higher in the group assigned to
have their GB left in situ. However, this difference was not
statistically significant (Breslow test, p = 0.070) (Fig. S2).
According to the as-treated analysis, the camulative recurrence
rate was significantly different between the two groups (Log-
rank, p = 0.037) (Fig. 2A). In the cholecystectomy group, four
patients (10.3 %) had additional cholangitis during the follow-
up. Whereas, 4 patients (8.2 %) had additional cholangitis, and
9 patients (18.4 %) had additional cholecystitis in the group
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Gallbladder in situ group (n=45)

Gallbladder in situ (n = 32)
Received cholecystectomy (n=13)

5 discontinued after
6 months
(3 died
2 moved, no
address)

1

Analysed for i
primary outcome [<-------'
(n = 45)

assigned to have their GB leftin situ (Table 2). No difference in
additional cholangitis event rates was found between the two
groups using the Kaplan—Meier survival curve (Log-rank,
p = 0.998), except in the case of additional biliary events of
cholecystitis (Fig. 2B).

Adverse events, duration of hospitalization,
and outcomes after cholecystectomy

In the as-treated analysis, no difference in the incidence of
adverse events and hospital stay due to cholecystectomy,
and the conversion rate to open cholecystectomy (12.8 vs.
4.1 %, p = 0.449) was observed between the two groups.
Among the cases of conversion to open cholecystectomy,
each group had one case of emergent operation. The other
cases were elective surgery. The median interval from the
initial EST to cholecystectomy was 2.2 weeks in chole-
cystectomy group in ITT analysis. In the as-treated ana-
lysis, the interval from the initial EST to cholecystectomy
in those whom the GB was left in situ was longer than in
those who had undergone cholecystectomy. However, this
difference was not significantly different (mean days, 54.1
vs. 442.1 days, p = 0.054) (Table 3).
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Table 1 'Be.lseline . . Characteristics Cholecystectomy (n = 43)  Gallbadder in situ (n = 45)  p value
characteristics of patients using
the intention-to-treat analysis Gender 0.833
with random gllocatlon into one Male, n (%) 25 (58.1) 25 (55.6)
of the two assigned treatment
groups Age, year (mean + SD) 64.02 £ 11.41 63.96 £+ 13.67 0.980
Comorbid illnesses, n (%)
HTN 11 (25.6) 19 (42.2) 0.119
DM 8 (18.6) 12 (26.7) 0.449
CVA 12.3) 2 (44) 1.000
IHD 1(2.3) 2 (44) 1.000
COPD
CKD 1(2.3) 1(2.2) 1.000
Other Malignancy 0 (0) 7 (15.6 %) 0.012
Others 1(2.3) 2 (4.4 %) 1.000
ASA grade, n (%) <0.001
1 24 (55.8) 11 (24.4)
2 15 (34.9) 22 (48.9)
3 123 12 (26.7)
Clinical presentation, n (%)
Epigastric pain 39 (90.7) 39 (86.7) 0.739
Fi 15 (34. 10 (22.2 2
SD standard deviation, HTN ever. > (349) 0¢ ) 0.239
hypertension, DM diabetes Jaundice only 6 (13.3)
mellitus, CVA cerebral vascular Duct dilatation only 0 (0 %) 12.2) 1.000
accident, IHD ischemic heart Initial diagnosis
disease, COPD chronic L
obstructive pulmonary disease, ChOIdngl.tl.s 4 01.7) 43 95.6)
CKD chronic kidney disease, Pancreatitis 4(9.3) 5(1L.1)
ASA grade American Society of Size of stone extracted (mm) 63+ 34 59430 0.569
Anesthesiologists physical Complications of procedure, n 4 5 0.722
status grade
A B
10 1 = -
Log Rank P =0.037 10 Log Rank P = 0.998
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Fig. 2 As-treated analysis showing cumulative recurrence of biliary-related events. A biliary-related events. B biliary-related events, excluding

cholecystitis
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Table 2 As-treated analysis

- < Cholecystectomy Gallbladder in situ  Relative risk p value

showing recurrent biliary events (n = 39) (n = 49) (95 % CI)

during the follow-up
Median follow-up, months (range) 42 (8-55) 38 (6-56)
Recurrent biliary events, n (%) 4 (10.3) 13 (26.5) 1.22 (1.001-1.490) 0.055
Cholangitis 4 (10.3) 4 (8.2)

. Cholecystitis 0 9 (18.4)

CI confidence interval

Table 3 As-treated analysis Variable Cholecystectomy Gallbladder in situ p value

showing occurrence of adverse (n = 39) (n = 49)

events after cholecystectomy
Cholecystectomy received, n (%) 39 (100) 9 (18.4)
Conversion to open surgery, n (%) 5(12.8) 2 4.1 0.449
Hospital stay, days (mean 4+ SD) 87 +£69 72+29 0.532
Intervals for cholecystectomy, days 54.1 £+ 147.7 442.1 £ 513.1 0.054

(mean £ SD)

Complications, n (%) 2 (6.9) 1 (11.1) 0.472
bleeding, n (%)
Abdominal abscess, n (%) 1@2.01) 1 (11.1)
Bile leak, n (%) 12.1)

SD standard deviation

Discussion

We found that cholecystectomy reduced additional recur-
rent cholecystitis after EST with CBD stone extraction, but
did not reduce additional cholangitis in this study.

In previous similar randomized-controlled trials,
patients who underwent cholecystectomy had lesser addi-
tional biliary events than those in whom the GB was
managed in situ. Lau et al. showed that 6 patients (7 %) in
the cholecystectomy group developed further biliary
events, whereas 21 of those (24 %) in whom the GB was
left in situ had additional biliary events [6]. However, the
additional cholangitis rate was not much different between
two groups (5.6 vs. 14.6 %; relative risk 1.1; 95 % CI
1.000-1.221). Boerma et al. reported that one patient (2 %)
in their cholecystectomy group had recurrent biliary
symptoms compared with 27 patients (47 %) in the wait-
and-see group (relative risk 22.42; 95 % CI 3.16-159.14;
p < 0.001). However, recurrent biliary cholecystitis events
also occurred in many patients in the wait-and-see group (7
patients, 12 %). Most recurrent biliary events of uncom-
plicated pain that occurred in the wait-and-see group (18
patients, 31 %) may have been due to GB colic. Moreover,
recurrent biliary events of cholangitis were not found
during the follow-up period of this study [5].

In contrast with endoscopic procedures, surgery such as
cholecystectomy has a higher incidence of postoperative
morbidity and mortality, especially in elderly patients who
do not always have suitable indications for cholecystectomy
[10, 11]. Cholecystectomy should not be performed, unless
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this surgery is beneficial. Laparoscopic cholecystectomy,
which is a less invasive procedure than open cholecystec-
tomy, is the current standard procedure. However, during
the operation, switching to open cholecystectomy may be
warranted. Converting to open cholecystectomy usually
increases hospital stay and recovery period [12]. In our
study, the conversion rate to open cholecystectomy in the
group who had their GB left in situ was higher than that in
the cholecystectomy group (as-treated analysis, 12.6 vs.
28.6 %), but this difference was not statistically significant
(p = 0.347). In addition, there is another problem after
cholecystectomy. In a recent study, Tsai el al. recently
reported that patients with cholecystectomy before endo-
scopic treatment had larger stones (1.3 £ 0.6 cm,
p = 0.004), larger diameter of CBDs (1.7 = 0.6 cm,
p < 0.001), and had a higher rate of undergoing lithotripsy
(11 %, p = 0.018). Patients with prior cholecystectomy
may develop bile stasis due to the absence of a “pumping”
effect of the GB. These patients also lost the storage func-
tion of their GBs, which resulted in larger CBD size and
more sizeable stone formation [13]. Many previous studies
have reported that a larger bile duct and large bile duct
stones are proven risk factors for recurrent bile duct stones
[1, 13, 14].

Gallstones primarily comprise cholesterol and bile pig-
ments. In studies focusing on patients from Western
countries, GB stones are mainly composed of cholesterol
(consisting of >50 % cholesterol) [15]. In addition, most of
the CBD stones are secondary, resulting from the passing
of gallstones, and primary CBD stones are seen less
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frequently in Western countries. However, the incidence of
primary CBD stones, which is not associated with gall-
stones, is more frequent among Asians [9]. Bilirubinate
stone is the predominant composition of CBD stone in Asia
[16]. Therefore, cholecystectomy after EST with stone
extraction may be not a preferable strategy for reducing the
incidence of CBD stones among Asians.

Consequently, we should carefully select patients for
additional cholecystectomy after EST with stone extraction.
We conducted a subgroup analysis of characteristic of initial
CBD stones. Although, the sample size of the GB in situ
group was relatively small, we found that all of two patients
with cholesterol CBD stones had recurrent cholecystitis
during follow-up period. However, the recurrent cholecys-
titis rate was low in brown or black pigment CBD stones
(12.9 and 18.8 %, respectively). Further studies to investi-
gate the risk factors for additional cholecystitis after EST are
warranted. Perhaps, in the future, we will perform a tailored
cholecystectomy after EST with CBD stone extraction.

There are some limitations to our study. First, many patients
in one arm of the study crossed over to the other arm, which
interfered with the interpretation of our results. However, this
phenomenon was a real practical effect. Elderly patients with
more comorbidity do not undergo surgery, such as cholecys-
tectomy, and in our study, the patients in the cholecystectomy
group were significantly younger than those who had their GB
left in situ (as-treated analysis, 59.5 £ 13.3 vs. 67.6 £ 10.7,
p = 0.002). Second, the follow-up period was relatively short,
but considering that most choledocholithiasis related biliary
events occur up to 2—4 years after EST [3, 17], we suggest a
long follow-up duration would not significantly change our
result. Third, we may have underestimated the rate of certain
biliary events, such as GB colic. In contrast with cholecystitis,
which is easily diagnosed by imaging and physical examina-
tions, GB colic is a relative subjective symptom and can
improve by itself. The rate of additional GB related biliary
events may be higher than our results show.

Conclusions

Cholecystectomy after EST for bile duct stones is not nee-
ded to reduce additional recurrent cholangitis. We suggest
that additional cholecystectomy, after EST with for bile duct
stones, should be limited to the patients with symptomatic
gallstone. In addition, further studies to investigate the risk
factors for additional cholecystitis after EST are warranted.

Disclosures Jun Heo, Min Kyu Jung, and Chang Min Cho have no
conflicts of interest or financial ties to disclose.
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