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Abstract

Background There is no consensus whether patients who
underwent endoscopic common bile duct (CBD) stone
removal should be followed up periodically and whether
patients with gallbladder (GB) stones should undergo
cholecystectomy. Thus, this study aimed to investigate the
recurrence rate of CBD stones and the difference in
recurrence rate according to cholecystectomy.

Methods We conducted a population-based study using the
National Health Insurance database. Patients diagnosed
with CBD stones and with procedure registry of endoscopic
stone removal were included. The primary outcome was
the recurrence rate of CBD stones. The secondary outcome
was the difference in recurrence rate of CBD stones
according to cholecystectomy.

Results A total of 46,181 patients were identified. The
mean follow-up was 4.2 years. The first CBD stone
recurrence occurred in 5228 (11.3%) patients. The
cumulative first recurrence rate was low. However, the
second and third recurrence rates were 23.4 and 33.4%,
respectively. The cumulative second and third recurrence
rates were high and gradually increased with time. The
recurrence rate in the non-cholecystectomy group was
higher than that in the cholecystectomy group
(p < 0.0001). The relative risk for CBD stone recurrence
in the non-cholecystectomy group was higher in younger
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patients, with 3.198 in patients < 50 years, 2.371 in
50-59 years, 1.618 in 60-69 years, and 1.262 in > 70 -
years (p < 0.0001).

Conclusions Regular follow-up is not routinely recom-
mended for patients with first-time endoscopic stone
removal, but is recommended for patients with recurrent
stones. Cholecystectomy is recommended for patients with
GB stones who are younger than 70 years.

Keywords Common bile duct stones - Recurrence -
Gallbladder stones - Cholecystectomy

Abbreviations
CBD Common bile duct
CI Confidence interval

GB Gallbladder

KCD Korean Classification of Disease
NHIS National Health Insurance Service
RR Relative risk

Introduction

Endoscopic sphincterotomy and stone removal is the
standard treatment for common bile duct (CBD) stone and
is generally accepted as safe and effective. Common bile
duct stone recurrence, as a late complication, is a major
concern because it can lead to cholangitis and biliary
sepsis. To reduce CBD stone recurrence and/or to detect
and treat the recurrence early, two important concerns
regarding patient care after successful removal of CBD
stones should be addressed: the first is whether patients
should be followed up for stone recurrence, and the second
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is whether to perform prophylactic cholecystectomy in
patients with gallbladder (GB) stones.

Follow-up studies have shown that the incidence of
CBD stone recurrence after endoscopic treatment was
2-22% [1-10]. However, most studies included only a few
patients and had relatively short follow-up durations. Thus,
the recurrence rate of CBD stones should be investigated to
determine the need for follow-up. The risk factors for
recurrent CBD stones were known as GB stones, dilated
CBD, angulation of the CBD, biliary stricture, use of
lithotripsy, and periampullary diverticulum [1-3, 11-14].
Although some studies suggested careful follow-up of
patients with risk factors, there is no consensus whether
patients who underwent CBD stone removal should have
follow-up examination, and if follow-up examinations
should be performed, it is yet unknown which patients to
target as well as the timing and procedure. A comprehen-
sive understanding of CBD stone recurrence would provide
better guidance for clinicians in the follow-up of patients.

Prophylactic cholecystectomy is generally considered to
prevent biliary complications in patients with GB stones
after endoscopic stone removal. In two prospective clinical
trials, laparoscopic cholecystectomy was recommended in
those patients [15, 16]. However, other studies have shown
that cholecystectomy has no effect in reducing biliary
complications [13, 17-20]. The need for subsequent
cholecystectomy, particularly in older patients, has been a
major issue.

Population-based data have been of interest lately
because they can help overcome the underpowered results
of small single-center studies, and as far as we know, there
are no population-based data on CBD stone recurrence.
The aim of this study was to investigate the recurrence rate
of CBD stones in patients who have undergone CBD stone
removal and the difference in the recurrence rate of CBD
stones according to cholecystectomy, using the Korean
National Health Insurance Service (NHIS) database.

Methods
Data sources

The NHIS is a mandatory universal health insurance sys-
tem in Korea that provides comprehensive medical care to
more than 98% of all Korean citizens since 1999 [21, 22].
Thus, nearly all of the data in the health system are cen-
tralized in large databases. Records from the NHIS data-
base include patients’ sociodemographic information,
diagnosis of diseases, procedures, prescription drugs, hos-
pital information, and the direct medical cost of both
inpatient and outpatient care. Since Koreans have a single
identification number, their health insurance records are not

duplicated or omitted. The diagnoses are coded using the
Korean Classification of Disease (KCD), which is similar
system to the International Classification of Diseases,
Tenth Revision. The NHIS database has been used exten-
sively in many epidemiologic studies in Korea [23, 24].
The detailed information for data access of NHIS could be
obtained from the NHIS website (https://nhiss.nhis.or.kr).
This study design was reviewed and approved by the
Institutional Review Board of NHIS Ilsan Hospital.

Study design and population

We were able to extract data from the NHIS database from
January 1, 2002, to December 31, 2013. From all indi-
viduals of the population in South Korea alive at any given
time between January 1, 2004, and December 31, 2012,
patients with diagnostic KCD codes of CBD stone diseases
(K80.50, K80.51, K80.31, K80.30, K80.41, K80.40) and
one or more procedure registry code (Q7764) of endo-
scopic CBD stone removal were included in this study. To
restrict the enrollment to patients with first CBD stone
presentation, we excluded patients who had undergone
endoscopic CBD stone removal between January 1, 2002,
and December 31, 2003. All subjects were monitored until
December 31, 2013, or death. Nobody was lost to follow-
up.

Common bile duct stone recurrence was defined as
another procedure registry of endoscopic stone removal
after more than 6 months from the previous procedure. If
another CBD stone was removed within 6 months, it was
not considered as a recurrence because it was possibly
either a subsequent treatment or residual stone. Recurrence
was noted as the first, the second, or the third.

To evaluate the difference in the recurrence rate of CBD
stones according to cholecystectomy in patients with GB
stones, we extracted data on diagnostic KCD codes of GB
stone diseases (K80.20, K80.21, K80.00, K80.01, K80.10,
K80.11) and procedure registry code (Q7380) of chole-
cystectomy in all subjects. All subjects were divided into
three groups based on GB status: GB stone group, previous
cholecystectomy group, and indeterminate GB status
group. The GB stone group was defined as having the
diagnostic code of GB stone at the time of CBD stone
removal. The previous cholecystectomy group was defined
as having a registry record of cholecystectomy at least
3 months before CBD stone removal. The indeterminate
GB status group was defined as the case without available
information on GB status, and this group possibly included
patients with intact GB without GB stones, those with
previous cholecystectomy before 2002, or those with intact
GB with GB stones but were missing registry of diagnostic
code of GB stones. Furthermore, the GB stone group was
subdivided into those who underwent cholecystectomy
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within 3 months after or before CBD stone removal (c-
holecystectomy group) and those who did not undergo
cholecystectomy during same period (non-cholecystectomy
group). We compared the recurrence rate of CBD stones
between the two groups. In the non-cholecystectomy
group, patients who underwent cholecystectomy later
during the follow-up were analyzed only until that time.

The primary outcome was the recurrence rate of CBD
stones in patients with previous endoscopic stone removal.
The secondary outcome was the difference in the recur-
rence rate of CBD stones between the cholecystectomy
and non-cholecystectomy groups in patients with GB
stones.

Statistical analysis

The cumulative recurrence rate of CBD stones was esti-
mated using the Kaplan—Meier method. The log-rank test
was used to test the statistical difference in the recurrence
rate of CBD stones between groups. Cox proportional
hazard regression with 95% confidence intervals (CIs) was
used to determine the hazard risk for CBD stone recurrence
in different groups. A p value < 0.05 was considered sig-
nificant. All statistical analyses were performed using SAS
software (version 9.4; SAS Institute Inc., Cary, NC, USA).

Results

We extracted the data of patients who were diagnosed with
CBD stones and who received endoscopic CBD stone
removal between 2004 and 2012. After excluding patients
who underwent CBD stone removal between 2002 and
2003, a total of 46,181 patients were included in this study.
The mean age was 64.65 years, and the male/female ratio
was 1:0.91. The age distribution of the patients was as
follows: < 50 years, 16.3%; 50-59 years, 14.9%;
60-69 years, 23.6%; > 70 years, 44.7%. The mean follow-
up duration was 4.2 years. During follow-up, 4758 patients
were dead.

Recurrence rate of CBD stones

Of 46,181 patients, 40,953 (88.7%) never had CBD stone
recurrence. However, 5228 (11.3%) patients had CBD
stone recurrence, and among these patients, 1223 (23.4%)
had a second CBD stone recurrence. Furthermore, among
these patients with second CBD stone recurrence, 408
(33.4%) had a third CBD stone recurrence (Fig. 1.) The
maximum number of recurrence was ten in one patient,
nine in three patients, eight in four patients, seven in eight
patients, six in 14 patients, five in 37 patients, and four in
128 patients. The cumulative first recurrence rate was
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relatively low: 2.2% at 1 year, 6.0% at 2 years, 9.0% at
3 years, 11.3% at 4 years, and 13.1% at 5 years. The
cumulative second recurrence rate was 3.2% at 1 year,
12.6% at 2 years, 22.7% at 3 years, 31.2% at 4 years, and
38.0% at 5 years. The cumulative third recurrence rate was
4.8% at 1 year, 20.3% at 2 years, 39.1% at 3 years, 54.6%
at 4 years, and 64.9% at 5 years. The cumulative second
and third recurrence rates were relatively high and gradu-
ally increased with time (Fig. 2.) As age increased, the rate
of CBD stone recurrence increased proportionally
(p < 0.0001) (Fig. 3.) Based on age of under 50 years, the
relative risk (RR) for CBD stone recurrence was 3.175 in
patients in their 50-59 years, 4.558 in patients in their
60-69 years, and 5.762 in patients > 70 years (Table 1.)
Common bile duct stone recurrence occurred in 10.64%
(2572/24,170) of male patients and 12.07% (2656/22,011)
of female patients, with the latter showing a higher recur-
rence rate (RR 1.121, p < 0.0001.)

Difference in the recurrence rate of CBD stones
according to cholecystectomy in patients with GB
stones

The GB stone group had 16,910 patients, the previous
cholecystectomy group had 2244 patients, and the inde-
terminate GB group had 27,027 patients. In the GB stone
group, 11,617 (68.7%) patients underwent cholecystectomy
less than 3 months before or after CBD stone removal,
whereas 5293 (31.3%) patients did not undergo cholecys-
tectomy at the same period. In the GB stone group, the rate
of cholecystectomy was 83.1% in patients < 50 years,
74.3% in patients in their 50-59 years, 72.1% in patients in
their 60-69 years, and 55.2% in patients > 70 years.
Fewer cholecystectomies were performed in older patients
(Table 2.)

During the follow-up period, CBD stone recurrence
occurred in 7.92% (920/11,617) in the cholecystectomy
group and in 14.60% (773/5293) in the non-cholecystec-
tomy group. The recurrence rate of CBD stones was
significantly higher in the non-cholecystectomy group
than in the cholecystectomy group, based on the Kaplan—
Meier survival curve (RR 1.961, 95% CI 1.783-2.158,
log-rank test p < 0.0001) (Fig.4.) In the analysis
according to age, the cumulative recurrence rate at all
ages was significantly higher in the non-cholecystectomy
group (p < 0.001 at all ages) (Fig. 4.) The RR for CBD
stone recurrence in the non-cholecystectomy group com-
pared with the cholecystectomy group was 3.198 in
patients < 50 years, 2.371 in patients in their
50-59 years, 1.618 in patients in their 60-69 years, and
1.262 in patients > 70 years. In the non-cholecystectomy
group, younger age was associated with higher RR for
CBD stone recurrence (Table 3.)
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Third 4.8 20.3 39.1 54.6 64.9 71.0 74.4

Fig. 2 Kaplan—Meier curves showed the 1-recurrence rate of CBD stones (first recurrence, solid line; second recurrence, large dashed line; third

recurrence, small dashed line) (log-rank p < 0.0001)
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Fig. 3 Kaplan—Meier curves
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Age(years) 1 year 2 years 3years 4years 5Syears Gyears 7 years
<50 0.7 1.8 25 2.9 3.3 3.6 3.8
50-59 1.7 4.4 6.9 9.0 10.5 11.4 121
60-69 25 6.7 9.7 12.2 14.2 15.8 16.9
270 2.8 7.7 11.7 15.0 17.4 19.5 215
Table 1 Recurrence rate of CBD stones according to the age of the patients
Age (years) No. of patients No. of first recurrence Recurrence rate (%) Relative risk 95% CI p value
<50 7760 230 2.96 1
50-59 6867 622 9.06 3.175 2.729-3.693 < 0.0001
60-69 10,919 1400 12.82 4.558 3.965-5.24 < 0.0001
> 70 20,635 2976 14.42 5.762 5.039-6.59 < 0.0001

Table 2 Clinical features of the GB stone group

No. of patients

Cholecystectomy group (n = 11,617) Non-cholecystectomy group (n = 5293) Rate of cholecystectomy (%)

Sex
Male 8889 6109
Female 8021 5508
Age (years)
<50 4115 3420
50-59 2581 1917
60-69 3784 2730
> 170 6430 3550

CBD stone recurrence 920 (7.92%)"

during follow-up

2780
2513

695
664
1054
2880
773 (14.60%)"

68.7
68.7

83.1
74.3
72.1
552

" Relative risk 1.961, 95% confidence interval 1.783-2.158, log-rank test, p < 0.0001
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Fig. 4 Kaplan—Meier curves showed the 1-recurrence rate of CBD b <50 years (log-rank p < 0.0001), ¢ 50-59 years (log-rank
stones in the cholecystectomy and non-cholecystectomy groups of the p <0.0001), d 60-69 years (log-rank p < 0.0001), and
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tectomy group, dashed line): a all ages (log-rank p < 0.0001),

e > 70 years (log-rank p = 0.0002)

Table 3 Subgroup analysis of the recurrence rate of CBD stones according to the cholecystectomy based on the age of the patients with GB

stones
Age (years)  Cholecystectomy  No. of patients ~ No. of recurrence ~ Recurrence rate (%)  Relative risk ~ 95% CI p value
<50 Yes 3420 56 1.64 1

No 696 35 5.03 3.198 2.096-4.879 < 0.0001
50-59 Yes 1917 96 5.01 1

No 630 75 11.90 2.371 1.753-3.208 < 0.0001
60-69 Yes 2730 262 9.60 1

No 1024 157 15.33 1.618 1.328-1.972 < 0.0001
> 70 Yes 3550 506 14.25 1

No 2943 506 17.19 1.262 1.116-1.428 0.0002
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Discussion

In this study using a national database of health insurance
claims in Korea, we demonstrated the recurrence rate of
CBD stones after endoscopic stone removal and the dif-
ference in the recurrence rate of CBD stones according to
cholecystectomy in patients with GB stones.

Several studies reported recurrence rates of CBD stones
ranging from 2 to 22% [1-9]. The difference in recurrence
rate may be due to sample size, follow-up duration, and
study design. There was no consensus as to whether the
patients should be followed up after CBD stone removal.
Although careful follow-up for recurrence was suggested
for high-risk patients [1, 2, 13], there was a lack of evi-
dence for this recommendation. Whether patients with risk
factors for recurrence should be managed differently is
uncertain [11]. Thus, before deciding whether to perform
follow-up for recurrence, an accurate understanding of the
recurrence rate should be made first.

Until now, the study of CBD stone recurrence was
considered difficult. Because most patients are asymp-
tomatic after stone removal, long-term follow-up is
impossible. Furthermore, some patients may leave the
hospital during follow-up. Most of all, a very large number
of patients must be followed up for a fairly long period to
show statistically significant results. Most of the previous
studies have shown short-term follow-up results in a rela-
tively small number of patients. For these reasons, we
believed that a population-based database, using national
health insurance database, would be very useful in the
study of CBD stone recurrence. The NHIS database rep-
resents the entire Korean population and can be used as a
population-based database [25].

Our study included 46,181 patients, with a mean follow-
up duration of 4.2 years. This patient number is much
higher compared with that of previous studies. Our results
showed that the overall recurrence rate of CBD stones was
11.3%. The recurrence rate of CBD stones increased more
with the number of recurrences. In this study, the cumu-
lative recurrence rate of CBD stones was 2.2% at 1 year
and 6.0% at 2 years. The recurrence rate within 2 years
was very low, and there was no period when the recurrence
rate increased distinctly. Although older age was associated
with increased risk for CBD stone recurrence, the cumu-
lative recurrence rate at 2 years in patients > 70 years was
only 7.7%. With these results, a regular follow-up within
2 years seems to have low clinical benefit. Practically,
regular follow-up after 2 years or more would be difficult
to be perceived by patients who are almost asymptomatic.
Moreover, although the recurrence rate after 3—5 years had
been increasing, it was very low. Therefore, we do not
recommend regular follow-up for CBD stone recurrence in
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patients who have undergone removal of CBD stones for
the first time regardless of age, but patients should be
advised to return if symptoms recur.

Ando et al. [1] reported that in patients with recurrent
CBD stones, CBD stones developed three or more times in
44%, and they recommended careful follow-up in these
patients. In addition, Cheon et al. [11] only recommended
periodic follow-up in patients with recurrence. In our
studies, once CBD stones recurred, the next recurrence rate
increased in proportion to the number of recurrence.
Moreover, the recurrence rates increased steadily over
time. Therefore, after CBD stone recurrence, we recom-
mend follow-up the patients periodically. It would be
advisable to follow-up every 1-2 years. The methods of
follow-up may include serum liver test, non-invasive
imaging study such as ultrasonography, computed tomog-
raphy, and/or endoscopic retrograde cholangiopancreatog-
raphy, with the follow-up method being decided by the
institution or physician.

After CBD stone removal, another problem that has to
be considered is whether to perform cholecystectomy in
patients with intact GB with or without GB stones. Patients
without GB stones have a lower recurrence rate than in
patients with GB stones. The GB is helpful in washing
away bile, in preventing new stone formation, and/or in
flushing out newly produced stones [26]. Therefore, pro-
phylactic cholecystectomy in patients without GB stones is
generally not recommended [1, 27, 28]. Although chole-
cystectomy has often been recommended in younger or
middle-aged patients with GB stones, prophylactic chole-
cystectomy in patients with GB stones after CBD stone
removal remains controversial.

In a prospective study, recurrent biliary symptoms were
mainly biliary pain and cholecystitis, which were more
common in the wait-and-see group than in the cholecys-
tectomy group (47 vs. 2%) and for whom the authors
recommended cholecystectomy [15]. In another prospec-
tive study, further biliary events after CBD stone removal
developed more frequently in patients with GB in situ than
in patients receiving cholecystectomy (24 vs. 7%) [16].
The most common biliary event in both groups was
cholangitis, for which the authors recommended chole-
cystectomy after CBD stone removal, such as in the pre-
vious report. However, in a recent prospective study,
cholecystectomy after CBD stone removal failed to reduce
additional recurrent cholangitis, and the authors suggested
that cholecystectomy should be limited to patients with
symptomatic GB stones [18]. Furthermore, several retro-
spective studies have shown different results on this issue
[12, 13, 17, 19, 20, 28].

In this analysis of the difference in the recurrence rate of
CBD stones according to cholecystectomy in patients with
GB stones, the recurrence rate in the non-cholecystectomy
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group was higher than that in the cholecystectomy group.
The RR for CBD stone recurrence in the non-cholecys-
tectomy group was higher at younger ages. Thus, increas-
ing age was associated with decreased RR. In general, the
risk of developing typical biliary pain in asymptomatic
patients with GB stones was 10-25% (2.0-2.6% per year)
[29-33]. Considering the risk for CBD stone recurrence
and the duration of life possibly developing biliary pain or
cholecystitis, we recommend cholecystectomy in
patients < 70 years with GB stones to reduce the possi-
bility of CBD stone recurrence as well as cholecystitis, and
it is strongly recommended for relatively younger patients.
However, since the RR in over 70 years was only 1.2, it
would be reasonable to decide the cholecystectomy at age
over 70 years considering the risk of operation and the
comorbid illness of the patient. Our findings were similar to
the report of Yasui et al. [34] that cholecystectomy does
not decrease biliary events and should not be recommended
in very elderly patients.

Our study is the first nationwide population-based
assessment of recurrent CBD stones. The strength of this
study is the use of a very large and high-quality data set.
Because most recurrent CBD stones were removed by
endoscopic procedure, the recurrence of CBD stones
defined as having undergone this procedure was able to
represent almost all cases. Our study also had several
limitations. Previous studies reported the risk factors for
CBD stone recurrence after endoscopic stone removal. The
risk factors were stone size and number, use of lithotripsy,
presence of periampullary diverticulum, CBD diameter,
and bile duct stenosis [1-3, 11-14]. Careful regular follow-
up has been often recommended in patients with risk fac-
tors. However, the risk factors for recurrence of CBD
stones are not thoroughly defined and the results were
different for each study. In case of CBD diameter, the
criterion for dilated CBD varied from 10 to 15 mm
depending on the study [2, 12-14]. The detailed medical
records of the patients are not included in the NHIS data-
base, unfortunately. Hence, the medical information for
these risk factors was unavailable. The inability to analyze
the risk factors for CBD stone recurrence could be an
important limitation of this study. Further studies are
needed to determine whether regular follow-up is required
in selected groups with high-risk factors.

Another limitation was that the diagnosis of CBD stone
recurrence was based on the insurance database for pro-
cedure registry of endoscopic stone removal. Although
endoscopic stone removal would be performed in most
patients after detection of CBD stone recurrence, there
might be some patients who did not receive this procedure
due to several reasons. Therefore, it is possible that the
recurrence rate of CBD stones might be slightly underes-
timated. Another limitation was our inability to obtain

information on GB status in many patients. Among 46,181
patients, the indeterminate GB group had 27,027 patients.
The lack of information on GB might be mostly in patients
without GB stones. However, we have to consider the
possibility of missing the registry of GB stone diagnosis,
especially if it was not the main issue. Nevertheless, the
GB stone group included 16,910 patients, which was high
enough to yield significant results. Finally, Koreans have a
higher rate of primary pigment stones than Westerners;
thus, the applicability of our finding to the Western pop-
ulation is limited.

In conclusion, since the first recurrence rate of CBD
stones was relatively low at all ages, regular follow-up in
patients with endoscopic stone removal for the first time is
not routinely recommended. However, once CBD stones
recurred, the next recurrence rate increased with the
number of recurrence, and we recommend regular follow-
up for patients with recurrent stones. Cholecystectomy is
recommended in patients < 70 years with GB stones after
CBD stone removal to reduce CBD stone recurrence;
however, cholecystectomy in patients > 70 years must be
considered carefully because they have relatively low RR
for stone recurrence and possible high surgical
comorbidity.
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