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Selection of surgical treatment types for intrahepatic duct stones

Kyung Sook Hong, Kyoung Tae Noh, Seog Ki Min, and Hyeon Kook Lee

Department of Surgery, Ewha Womans University School of Medicine, Seoul, Korea

Backgrounds/Aims: Complete elimination of intrahepatic duct (IHD) stones is difficult and IHD stone disease is fre-
quently associated with various complications, recurrence and sometimes cholangiocarcinoma. Therefore, we analyzed 
the long-term surgical results and evaluated the management currently considered appropriate. Methods: Overall 110 
patients who had been diagnosed with benign IHD stone disease and who underwent surgical treatment were enrolled 
in this study. The patients were categorized into three groups according to the type of surgery performed; liver resection 
(LR) group, intrahepatic duct exploration (IHDE) group and hepaticoenterostomy (HE) group. We compared and ana-
lyzed the results of these three groups. Results: The number of cases in the LR group, IHDE group and HE group 
were 77, 25 and 8 respectively. The LR group required a longer operation time (p=0.000), more frequent transfusion 
(p=0.028) and had higher morbidity (p=0.049). However, the LR group had a higher clearance rate (90.9%) (p=0.000) 
than the other groups. In addition, there were a total of 22 cases of IHD stone recurrence during the follow-up, but 
there was no statistically significant difference among the three groups. The location of IHD stones was related to 
a risk factor for incomplete stone removal, but not for recurrence. Conclusions: The fundamental principle for the treat-
ment of IHD stone disease should be liver resection. However, it can lead to a longer operative time and higher rate 
of complications than the other procedures. There is also no difference in the IHD stone recurrence rate among the 
procedures. Therefore, these alternative and minor procedures could also be taken into account for patients with poor 
preoperative condition. (Korean J Hepatobiliary Pancreat Surg 2011;15:139-145)
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INTRODUCTION

　Intrahepatic duct (IHD) stone disease is considered 
when biliary stones exist within the bile ducts in the liver, 
especially at the proximal portion of the bifurcation of the 
right and left main hepatic ducts.1-13 IHD stones can be 
classified according to their origin. Primary IHD stones 
develop in the IHD initially and are commonly accom-
panied by stricture of the bile ducts. Secondary IHD 
stones are formed within the common bile duct (CBD) or 
gallbladder and then move into the IHD.2-4

　IHD stones are prevalent among patients between 40 to 
50 years of age. This indicates that IHD stones are preva-
lent in a younger age group than that of patients with gall-
bladder stones.1-7 IHD stones develop more frequently in 
women and also have a tendency to occur in the left liver. 
Geographically, primary IHD stones are relatively com-

mon in East Asian countries including Korea, Japan, 
China and Taiwan. On the other hand, this disease is very 
rare in Western countries.1-3,5,6,8

　IHD stones are the common cause of recurrent chol-
angitis and liver abscess that sometimes can cause septic 
conditions and lead to fatal results, and IHD stones are 
the risk factor for biliary cirrhosis and cholangiocar-
cinoma.1,3-5,8-11 Therefore the timing and method of treat-
ment can affect the prognosis of patients with IHD stones. 
Additionally, cholangiocarcinoma can occur in 2.4-10.0% 
of patients with IHD stones.3,12-14 Hence, the probability 
of developing cholangiocarcinoma is always taken into ac-
count during the diagnosis and treatment of IHD stones 
and even during the follow-up examination in the clinical 
field.
　In the recent years, the treatment for IHD stone disease 
has aimed to achieve complete stone removal using the 
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surgical approach. But it is hard to choose the appropriate 
surgical modality due to the difficulty in removing the 
stones completely during operation, frequent complica-
tions after operation and higher recurrence rate. Therefore, 
there have been considerable changes in the treatment mo-
dality for the IHD stone disease and the debate regarding 
the appropriate surgical modality has continued till 
date.1,5-7,15 It was reported that choledochoenterostomy 
was carried out more frequently than hepatectomy before 
the year 1985, but from the year 1986 onwards, hep-
atectomy has been performed more frequently than 
choledochoenterostomy.7

　In this study, we tried to determine the most effective 
surgical modality for the IHD stone disease by analyzing 
the parameters such as clearance rate and recurrence rate, 
and the risk factors affecting these parameters in three 
types of surgical treatments.

METHODS

　From January 2000 to January 2010, 110 patients who 
had been diagnosed with IHD stone disease and who had 
undergone surgical treatment at our hospital were enrolled 
in this study. These patients had been diagnosed with be-
nign disease only and had received adequate information 
on various surgical treatment options and findings. 
Adequate informed consent was obtained from the pa-
tients regarding surgical decision, risk and results.
　According to the modality of surgical treatment, the pa-
tients were categorized into three groups, one group was 
of the patients who had undergone liver resection (LR 
group), another group was of the patients who had under-
gone choledochoscopic IHD exploration (IHDE group) 
only, and the last group was of the patients who had un-
dergone only hepaticoenterostomy without liver resection 
(HE group). We reviewed the medical records of enrolled 
patients retrospectively and analyzed the demographic 
characteristics, clinical features, outcomes of treatment 
and follow-up results.
　The basic test for diagnosing IHD stone disease was ab-
dominal ultrasonography. In the cases which were accom-
panied by the complications of IHD stones such as liver 
atrophy or air bubbles within the bile ducts, abdominal 
computed tomography (CT) with contrast or magnetic res-
onance cholangiopancreatography (MRCP) were per-

formed additionally.16

　Liver resection was performed preferentially for multi-
ple IHD stones in cases when the stones were localized 
in a unilateral lobe or several consecutive segments that 
could be resected entirely, especially when they were ac-
companied by complex parenchymal disease such as duc-
tal stricture, atrophy or abscess. If there is an evidence 
of coexisting cholangiocarcinoma on radiologic or labo-
ratory examination, liver resection should be perfor-
med.2,4,5,8,9,15,17 In our study, we had excluded the cases 
with malignancy or suspicious for malignancy on pre-
operative evaluation. But, if there were lesions suspicious 
for malignancy during operation, we performed liver re-
section although the patient had simple stones without 
complications. When IHD stones existed in the bilateral 
lobes, because of the impossibility to remove the affected 
liver parenchyma entirely, the unilateral lobe that had 
more severely complicated lesions was resected and then 
choledochoscopic IHD exploration was performed to 
eliminate the residual stones in the remnant lobe through 
the CBD or the exposed bile ducts on the resected surface. 
We carried out IHDE for simple cases in which complete 
elimination of stones was possible with only choledocho-
scopic lithotripsy followed by duct exploration. In cases 
of the patients who were anticipated to be having in-
operable adhesions due to a previous operation of the hep-
atobiliary system or preoperative high-risk patients who 
had poor systemic conditions or patients who were ex-
pected to develop fatal complications, even death, we also 
chose to perform IHDE only or bypass procedure, such 
as HE. In cases of patients who refused to undergo liver 
resection due to their or their families’ wishes, we again 
performed IHDE only or bypass procedure. When the pa-
tients with IHD stone disease had stricture and dilatation 
of the extrahepatic duct (EHD), we carried out liver re-
section with hepaticoenterostomy or only hepaticoenter-
ostomy, considering the preoperative condition of the 
patients. Intraoperative choledochoscopy was performed 
in all the patients to confirm the existence of residual 
stones.7,13

　Residual or recurrent IHD stones were distinguished 
from each other based on the two-month time point of de-
tection, so the stones which were detected at two months 
after operation were diagnosed as recurrent IHD stones.10 
Abdominal ultrasonography or CT was performed annu-
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Table 1. Characteristics of the patients and results of pre-
operative evaluations

Results 
(range or percentage)

Ratio of male to female
Mean age (years)
Previous history of intrahepatic
 duct stones
　No treatment
　Liver resection 
　Intrahepatic duct exploration
　Non-operative treatment
History of operation due to
 extrahepatic biliary disease
In combination with other
 biliary stones
　Common bile duct stones
　Gallbladder stones
Unilateral lobe
　Left lobe
　Right lobe
Bilateral lobes

4 : 7
60.8±12.9 (27-92)

23 (20.9%)

11 (10.0%)
5 (4.5%)
5 (4.5%)
2 (1.8%)

49 (46.4%)

58 (52.7%)
24 (21.8%)
88 (80.0%)
68 (61.8%)
20 (18.2%)
22 (20.0%)

Table 2. The types of operation due to the intrahepatic duct 
stones

Types of operation Results
(percentage or range)

Liver resection*
　Left lateral segmentectomy
　Left hepatectomy
　Right hepatectomy
　Other segmentectomy
Intrahepatic duct exploration
Hepaticoenterostomy after
 stone removal
Incidental cholecystectomy

77 (70.0%)
37 (33.6%)
27 (24.5%)
9 (8.2%)
4 (3.6%)

25 (22.7%)
8 (7.2%)

36 (59.0%)

*Including laparoscopic liver resection

ally after the operation for follow-up, but when the symp-
toms of cholangitis, such as discomfort or pain in the right 
upper quadrant of the abdomen, dyspepsia, fever or jaun-
dice appeared after the operation, abdominal ultra-
sonography or CT was performed immediately after the 
hospital visit to confirm the relapse without considering 
the periodic examinations.1,10

　Statistical analysis was done with SPSS ver. 18.0 
(Chicago, Inc.). Continuous variables were analyzed by 
Student’s t-test, recurrence and clearance rate was ana-
lyzed by Chi-square test and odds ratio was obtained by 
the logistic regression test. Two tailed p-value less than 
0.05 was considered statistically significant.

RESULTS

　The average age of the 110 patients enrolled in the 
study was 60.8±12.9 years and 40 patients were males and 
70 patients were females. 23 patients (20.9%) had a prior 
history of IHD stone disease and among them, 12 patients 
(10.9%) had received treatment, while the remaining 11 
patients (10.0%) did not have any specific symptoms and 
hence had not been treated but had been kept under 
observation. 
　Of the 12 patients who had been treated, 10 patients 
(9.1%) had undergone surgical procedures and two pa-

tients (1.8%) had undergone non-surgical procedures, such 
as insertion of percutaneous drainage. Of the 10 patients 
who had undergone surgical procedures, 5 patients (4.5%) 
had undergone liver resection and 5 patients (4.5%) had 
undergone IHD exploration. 49 patients (44.5%) had re-
ceived surgical treatments for biliary system diseases oth-
er than IHD stone disease. Among them, 2 patients had 
been diagnosed as having choledocholithiasis and had un-
dergone choledochojejunostomy with cholecystectomy 
and the remaining 47 patients had been diagnosed as hav-
ing cholecystitis with or without gallbladder stones and 
had undergone cholecystectomy. 58 patients (52.7%) had 
CBD stones and 24 patients (21.8%) had gallbladder 
stones at the time of diagnosis of IHD stone disease 
(Table 1).
　Among the patients diagnosed with IHD stones, 77 pa-
tients (70.0%) underwent liver resection, 25 patients 
(22.7%) underwent IHD duct exploration only and the oth-
er 8 patients (7.3%) underwent only hepaticoenterostomy 
without liver resection. Cholecystectomy was performed in 
36 patients (59.0%) while the patients who had a prior his-
tory of cholecystectomy were excluded (Table 2).
　The mean operation time was 366.6±123.7 minutes in 
the total patients. The mean operation time in the LR 
group, HE group and IHDE group was 405.4±120.5 mi-
nutes, 302.5±66.7 minutes and 270.0±65.5 minutes re-
spectively, and a statistically significant difference was 
seen among the three groups (p=0.000) (Table 3).
　Postoperative complications occurred in 26 (23.6%) of 
the 110 patients. 23 complications occurred in the LR 
group with an incidence of 29.9% and 3 complications oc-
curred in the IHDE group with an incidence of 12.0%. 
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Table 3. Characteristics and results of the subgroups categorized by the type of operation

LR group
(n=77)

IHDE group
(n=25)

HE group
(n=8) p-value

Mean operation time (minutes)
Transfusion (n)
Morbidity (n)
Mortality (n)
Complete clearance (n)
Recurrence after follow-up (n)
Incidental malignancy (n)

405.4±120.5
25 (32.5%)
23 (29.9%)
2 (2.6%)

70 (90.9%)
13 (16.9%)
7 (6.3%)

270.0±65.5
3 (12.0%)
3 (12.0%)

0
14 (56.0%)
6 (24.0%)

-

302.5±66.7
0
0
0

6 (75.0%)
3 (37.5%)

-

0.000
0.028
0.049
1.000
0.000
0.291

-

LR, liver resection; IHDE, intrahepatic duct exploration; HE, hepaticoenterostomy

Table 4. The risk factors for residual intrahepatic duct stones
after treatment

Odds ratio p-value 95% CI

Bilateral stones
Liver atrophy
Liver abscess
Ductal stricture
Cholangitis
Biliary cirrhosis

3.977
0.412
0.816
1.357
0.815
2.471

0.012
0.079
1.000
0.738
0.681
0.360

1.289-12.271
0.150-1.129
0.213-3.120
0.395-4.667
0.307-2.164
0.562-10.861

Table 5. The risk factors for recurrence of intrahepatic duct
stones after treatment

Odds ratio p-value 95% CI

Bilateral stones
Liver atrophy
Liver abscess
Ductal stricture
Cholangitis
Biliary cirrhosis

2.839
1.096
0.711
1.697
0.815
0.476

0.053
0.849
0.760
0.351
0.681
0.684

1.051-7.799
0.429-2.798
0.187-2.694
0.533-5.402
0.307-2.164
0.056-4.022

The difference in the incidence between the two groups 
was statistically significant (p=0.049). Of the 110 patients, 
28 patients (25.4%) received transfusion postoperatively. 
In the LR group, postoperative transfusion was given to 
25 patients (32.5%) and to 3 patients (12.0%) in the IHDE 
group. This result was also statistically significant 
(p=0.028).
　During the perioperative period, 7 cases (6.3%) of ma-
lignancy were identified. All of them had histological 
cholangiocarcinoma of an early stage and liver resection 
with cholecystectomy was carried out in these cases. 
There was no recurrence during the follow-up period 
(Table 3).
　There were two postoperative deaths in the LR group 
only, one was due to septic shock and the other was due 
to uncontrolled postoperative bleeding (Table 3). Both 
cases had poor preoperative conditions and complications.
　Residual stones were identified in 21 patients immedi-
ately after the operation and additional residual stones 
were detected in three patients within 2 months during the 
short-term follow-up examination. Meanwhile, of the 21 
patients in whom residual stones were detected immedi-
ately after the operation, 4 patients did not have residual 
IHD stones on postoperative radiologic examination. We 
think that the residual stones could have been excreted 

naturally in these patients. Thus finally, the total number 
of patients with residual stones was 20 and the stone 
clearance rate in our study was 82.0%. Difference in the 
stone clearance rate among the three groups was statisti-
cally significant, the stone clearance rate was 90.9% in 
the LR group, 75.0% in the HE group and 56.0% in the 
IHDE group, respectively (p=0.000) (Table 3). Comparing 
the risk of residual stones based on the distribution of 
stones in the liver, the occurrence rate of residual stones 
was 13.6% when the stone was located in a unilateral 
lobe, whereas when the stone was located in the bilateral 
lobes, the occurrence rate was 63.2%. The risk of residual 
stones in the patients with bilateral IHD stone disease was 
four times higher than that in those with unilateral IHD 
stone disease and it was statistically significant (OR 
3.977; 95% CI 1.289-12.271; p=0.012). Meanwhile, the 
existence of complex hepatic lesions, namely liver atro-
phy, abscess, ductal stricture, cholangitis and biliary cir-
rhosis did not affect the incidence of residual IHD stones 
in this study (Table 4).
　The mean follow-up period for this study was 30.9 
months and it was not different among the three groups. 
During the follow-up period, relapse of IHD stone disease 
occurred in 22 patients and the recurrence rate was 20.0%. 
Comparing the stone recurrence rate in each group, the 
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number of stone recurrences was 13 in the LR group, 3 
in the HE group and 6 in the IHDE group, and the re-
currence rate was 16.9%, 37.5%, and 24.0% respectively, 
which was not a statistically significant difference 
(p=0.291) (Table 3). Measuring the stone recurrence rate 
according to the distribution of IHD stones, the stone re-
currence rate was 68.2% when the IHD stones were lo-
calized in a unilateral lobe, whereas when the IHD stones 
existed in the bilateral lobes the stone recurrence rate was 
31.8% and there was only crude correlation between the 
stone recurrence rate and the distribution of IHD stones 
(OR 2.839; 95% CI 1.051-7.799; p=0.053). The complex 
lesions, such as liver atrophy, abscess, ductal stricture, 
cholangitis and biliary cirrhosis did not affect the IHD 
stone recurrence rate either (Table 5).

DISCUSSION

　IHD stone disease has been considered clinically as a 
malignancy due to the less likelihood of complete recov-
ery, high incidence of recurrence and complications. 
Moreover, it may lead to the development of cholangi-
ocarcinoma even after complete elimination of all the 
stones is achieved. Hence, it is accompanied by the diffi-
culties and torments of making a decision regarding the 
modality of the treatment to be used.1,5-7,15 In fact, sur-
geons sometimes encounter patients with complex IHD 
stone disease who have poor general conditions. The pa-
tients are mostly older in age having systemic diseases, 
such as cardiovascular, pulmonary disease and/or diabetes 
mellitus, or they allow the disease to progress and visit 
the hospital very late. In these cases, surgeons have to ag-
onize over selection of the best treatment for these pa-
tients although they are aware of the traditional surgical 
treatment modalities. Therefore, clinical trials are needed 
to determine the most effective surgical modality for the 
treatment of IHD stone disease, and an analysis of the risk 
factors that affect the outcomes of the operation such as 
stone clearance rate, recurrence rate and complications af-
ter the operation is very important.
　According to the previous studies, the incidence of 
postoperative complications was 12.0-38.5% after LR, 
24.3-38.0% after HE and 2.1-40.0% after IHDE.5-8,10,18-23 
In this study, the incidence of postoperative complications 
was 29.9% after LR, 12.0% after IHDE and there were 

no cases of postoperative complications after HE. The in-
cidence of complications in patients who underwent LR 
and IHDE was in concordance with the results of prior 
studies, but the patients who underwent HE showed a 
highly lower incidence of complications.5,8,18,21 This was 
probably due to the bias as a result of the small number 
of patients in the HE group than in the other groups. But, 
the difference in the postoperative complication rate be-
tween the LR group and HE group was statistically sig-
nificant and it could be an important consideration while 
selecting the surgical treatment modality in patients with 
IHD stone disease.
　IHD stones are the well known risk factors for chol-
angiocarcinoma and cholangiocarcinoma has been shown 
to occur in 2.4-10% of patients with IHD stones.3,12-14 In 
this study, although the cases suspicious for malignancy 
on preoperative evaluation were excluded, 7 patients (6.3%) 
were diagnosed with incidental cholangiocarcinoma during 
the operation or postoperative period.
　The clearance rate of the IHD stones in this study was 
90.9% in the LR group, 56.0% in the IHDE group and 
75.0% in the HE group. This difference was statistically 
significant. The clearance rate after LR was 88.0% in the 
study by Uenishi et al.5 and was 83.3% in the study by 
Cheon et al.,21 and these results coincided with the result 
of our study. On the other hand, it was reported that the 
clearance rate after IHDE was 63.9-78.2%.5,21,23 And, the 
clearance rate after HE was 51.4% in the study by Uenishi 
et al.5 These results of the prior studies showed a marked 
distinction from the results of our study. This can be ex-
plained by the fact that the trials performed for the IHD 
stone removal with choledochoscopy failed because of the 
accompanying complex hepatic parenchymal lesions in 
many patients who underwent IHDE. The success rate of 
IHD stone removal with IHDE is dependent on the possi-
ble approach to the stone lesion with a choledochoscope. 
So, if there is a complex parenchymal lesion, such as duc-
tal stricture or liver abscess, it becomes difficult to ap-
proach the stone lesion with a choledochoscope and the 
clearance rate of IHD stones decreased. In our study, 
complex parenchymal lesions were relatively more com-
monly identified. IHD stones were accompanied by ductal 
stricture and liver abscess in 32.0% and 24.0% of the pa-
tients in the IHDE group respectively. Furthermore, the 
population of the HE group was too small to estimate the 
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appropriate statistical results, so there could be large dif-
ferences from the results of the previous studies. But, the 
result of higher stone removal rate in the LR group of 
our study and prior studies can support the suggestion that 
liver resection, namely segmentectomy or hepatectomy, 
should be the principle for treatment of IHD stones, with 
an additional advantage of the possibility to eliminate not 
only the IHD stones but also the complex hepatic paren-
chymal lesions.1,8,11,18

　The recurrence rate of IHD stones after treatment has 
been reported to be about 6.0-22.0% in prior studies. In 
view of each surgical treatment modalities, the stone re-
currence rate after LR was 10.0-18.0% and that after 
IHDE was 21.0-56.1%, and to conclude LR showed better 
results.5,8-11,15,17-19,21,23 In our study, the stone recurrence 
rate after LR, IHDE and HE were 16.9%, 24.0% and 
37.5%, respectively. These results are similar to the re-
sults of prior study although statistical significance was 
not reached. This fact can support the hypothesis that the 
principle for the treatment of IHD stones should be LR 
only.
　Hepatic parenchymal pathologic lesions that were iden-
tified preoperatively on radiologic examinations may af-
fect the decision regarding the selection of the surgical 
treatment modality. Liver atrophy, liver abscess, ductal 
stricture, cholangitis and biliary cirrhosis did not affect the 
stone clearance rate and recurrence in our study. But, 
these pathologic lesions, especially biliary ductal stricture, 
have been considered to be the important risk factors for 
the relapse of IHD stones.1,4,5,7-11,15,17,19,21,23-26 According to 
the report by Uenishi et al.,5 the incidence of residual 
stones and the recurrence rate had been reported to be in-
creased to up to 5.0 times and 40.5 times respectively 
when IHD stones were accompanied by ductal stricture 
than when IHD stones were not accompanied by ductal 
stricture. However, there was no significant relationship 
between the existence of ductal stricture and the stone 
clearance rate or the stone recurrence rate in our study. 
This result could be due to several reasons. First, we per-
formed LR extensively to eliminate not only the stones 
but also the source of stones including the hepatic paren-
chymal pathologic lesions. Second, there might be limi-
tations to collecting the information of patients using the 
method of retrospective review of the medical records, 
such as the official readings of radiologic examinations.

　Comparing the patients with IHD stones localized in a 
unilateral hepatic lobe and bilateral lobes, the latter 
showed a 4.0 times higher incidence of residual stones af-
ter the treatments, although there was no definite sig-
nificant difference in the recurrence rate of IHD stones. 
The report by Yang et al.,24 which was about the compar-
ison and analysis of unilateral hepatectomy and bilateral 
hepatectomy in the surgical treatments of bilateral IHD 
stone disease, showed significant differences as the post-
operative recurrence rate was 34.1% and 11.8%, respecti-
vely. However, 5.7% of patients undergoing bilateral hep-
atectomy expired due to postoperative complications. On 
the other hand, there was no mortality after unilateral 
lobectomy. These results suggest that although extensive 
liver resection exhibits favorable outcomes with respect to 
recurrence of IHD stones, a combination of various surgi-
cal treatments should be considered for the patients’ re-
covery after the operation even in the cases with bilateral 
IHD stone disease.
　In conclusion, LR facilitates IHD stone removal along 
with complete removal of the affected liver parenchyma 
and improves the stone clearance rate. Thus, it can defi-
nitely relieve the symptoms of IHD stone disease in the 
short term and decrease the incidence of cholangiocar-
cinoma in the long term by eliminating the pathologic 
hepatic lesions and resolving the bile stasis. However, LR 
also has the limitations of higher rate of postoperative 
complications and risk of fatal results in spite of the de-
creased recurrence rate compared with the other surgical 
modalities. Therefore, we recommend that the principle 
for the treatment of IHD stone disease should be liver 
resection. However, it can impose the burdens of a longer 
operative time, higher rate of complications and risk of 
fatal results. Thus, IHDE or HE could be an alternate 
choice in some patients who may not seem to endure liver 
resection based on the preoperative condition or age, if 
multiple combined modalities such as percutaneous chol-
edochoscopic lithotripsy or endoscopic lithotripsy can be 
applied for the elimination of remnant stones after the 
operation.
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