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Abstract
AIM: To determine the factors associated with the fail-
ure of stone removal by a biliary stenting strategy. 

METHODS: We retrospectively reviewed 645 patients 
with common bile duct (CBD) stones who underwent 
endoscopic retrograde cholangiography for stone re-
moval in Siriraj GI Endoscopy center, Siriraj Hospital 
from June 2009 to June 2012. A total of 42 patients 
with unsuccessful initial removal of large CBD stones 
that underwent sequential biliary stenting were enrolled 
in the present study. The demographic data, labora-
tory results, stone characteristics, procedure details, 
and clinical outcomes were recorded and analyzed. In 
addition, the patients were classified into two groups 
based on outcome, successful or failed sequential bili-
ary stenting, and the above factors were compared.

RESULTS: Among the initial 42 patients with unsuc-
cessful initial removal of large CBD stones, there were 
37 successful biliary stenting cases and five failed cas-
es. Complete CBD clearance was achieved in 88.0% of 
cases. The average number of sessions needed before 

complete stone removal was achieved was 2.43 at an 
average of 25 wk after the first procedure. Complica-
tions during the follow-up period occurred in 19.1% of 
cases, comprising ascending cholangitis (14.3%) and 
pancreatitis (4.8%). The factors associated with failure 
of complete CBD stone clearance in the biliary stenting 
group were unchanged CBD stone size after the first 
biliary stenting attempt (10.2 wk) and a greater num-
ber of endoscopic retrograde cholangio-pancreatogra-
phy sessions performed (4.2 sessions). 

CONCLUSION: The sequential biliary stenting is an 
effective management strategy for the failure of initial 
large CBD stone removal. 

© 2013 Baishideng. All rights reserved.
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Core tip: This study was a retrospective review of 42 
patients who underwent sequential biliary stenting fol-
lowing a failed removal of a large common bile duct 
stone by endoscopic retrograde cholangiopancreatog-
raphy. Complete common bile duct (CBD) clearance 
was achieved in 88% of the patients at 25 wk after the 
first procedure, while 19% reported complications. The 
common complications were cholangitis and pancreati-
tis. The factors associated with the failure of this strat-
egy were unchanged CBD stone size at the second bili-
ary stenting attempt, and more endoscopic retrograde 
cholangio-pancreatography sessions performed.
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INTRODUCTION
Patients with untreated common bile duct (CBD) stones, 
irrespective of  the presence of  symptoms, are at high 
risk of  experiencing further symptoms or complications. 
Given the potentially serious complications of  CBD 
stones such as ascending cholangitis or acute pancreatitis, 
specific therapy is usually required[1]. Choledocholithiasis 
is one of  the most common indications for perform-
ing therapeutic endoscopic retrograde cholangiography 
(ERC)[1].

The majority (80%-90%) of  simple CBD stones, spe-
cifically those that are < 1 cm, are removed by ERC via 
endoscopic sphincterotomy by using a basket or balloon 
catheter[2,3]. However, from references[4-15], we know that 
approximately 10%-15% of  patients have bile duct stones 
that cannot be removed using standard techniques. These 
stones are generally larger than 1-1.5 cm, impacted, locat-
ed proximal to strictures, or associated with the duodenal 
diverticulum, and are frequently successfully removed 
by mechanical lithotripsy or large balloon sphinctero-
plasty[16]. However, the removal of  large CBD stones is 
not possible by using these techniques. Therefore, most 
endoscopists prefer to place a biliary stent as a temporary 
measure to maintain biliary drainage and prevent stone 
impaction[17]. Biliary stenting is an effective method of  
reducing the size of  CBD stones because the stone-stent 
friction force can lead to stone fragmentation inside the 
CBD[18,19]. Therefore, sequential biliary stenting is still the 
most common technique for large CBD stone removal. 
However, this technique can be time-consuming for 
complete stone removal and is associated with a higher 
complication rate during the follow-up period, particular-
ly from cholangitis. Thorough studies examining the suc-
cess factors for this treatments strategy are incomplete or 
lacking[18-20]. Thus, the aim of  this study was to determine 
the factors that can potentially predict a high failure rate 
of  the first CBD clearance, in turn providing a clearer 
picture of  patients who can be managed conservatively 
by sequential biliary stenting.

MATERIALS AND METHODS
The medical records and endoscopic reports of  patients 
who underwent ERC for choledocholithiasis from June 
2009 to June 2012 were retrospectively reviewed (645 
total records). The siriraj institutional review board gave 
approval for the study. Experienced endoscopists or 
gastroenterology fellows under the supervision of  expe-
rienced endoscopists performed all ERC procedures. The 
inclusion criteria were as follows: (1) large CBD stones 
(diameter of  > 15 mm); (2) failure of  complete stone 
removal during the initial attempt and biliary stent inser-
tion; and (3) follow-up and subsequent ERC procedures 
performed in our institution. Patients were classified into 
two groups: group one comprised patients who under-
went repeated short-term biliary stenting after failure of  
CBD clearance (with standard techniques or mechanical 
lithotripsy or balloon sphincteroplasty) until achieve-

ment of  complete CBD clearance; group two comprised 
patients who underwent failed biliary stenting. Patients 
who were unable to be contacted for a follow-up or who 
did not undergo further procedures in our institute were 
excluded. The study design is presented in Figure 1. Five 
dedicated endoscopists, each performing more than 200 
cases annually, performed the ERC procedures with 
biliary stenting. We used a therapeutic duodenoscope 
(Olympus TJF-140 or TJF-160; Olympus America, Cen-
tral Valley, PA, United States) with patients under intra-
venous sedation or general anesthesia with full anesthetic 
monitoring. Patients with ascending cholangitis received 
pre-procedural antibiotics. The first treatment attempt 
was standard endoscopic sphincterotomy, stone retrieval 
via balloon retrieval catheter or basket extraction catheter, 
and crushing by mechanical lithotripsy (Soehendra Litho-
triptor; Wilson-Cook Medical Inc., Winston-Salem, NC, 
United States) at the discretion of  the endoscopists. After 
the initial clearance attempts failed, patients underwent 
biliary stenting and were scheduled for repeated ERC. 
Straight plastic stents (Cotton-Leung Biliary Endopros-
thesis; Wilson-Cook Medical Inc., United States) or dou-
ble pigtail plastic stents (C-flex Biliary; Boston Scientific, 
Spencer, IN, United States) were used. The clearance of  
the biliary tract was documented using a cholangiogram. 
The success of  biliary clearance, cost of  the procedures, 
degree of  complications, time interval between the ini-
tial attempt and complete CBD clearance of  the stones, 
surgical procedures, and complications during follow-up 
were assessed. The follow-up period extended to the last 
recorded medical visit. Descriptive statistics were used to 
summarize patients’ baseline demographics, clinical char-
acteristics, and radiographic data. Continuous variables 
were reported as means or medians (min, max). 

Statistical analysis
The compared data were analyzed using a χ 2 or Mann-
Whitney U test. A value of  P < 0.05 was considered sig-
nificant. All statistical evaluations were performed using 
SPSS version 11.5 software.

RESULTS
A total of  645 medical records and electronic endoscopy 
records were retrospectively reviewed, and 42 patients 
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ERCP for stone removal 645 
patients

42 patients failed first CBD 
clearance

Successful sequential biliary 
stenting (n  = 37)

Failed sequential biliary 
stenting (n  = 5)

Figure 1  Diagram of the study population. CBD: Common bile duct; ERCP: 
Endoscopic retrograde cholangio-pancreatography. 



who met the inclusion criteria were enrolled in the study. 
Thirty-seven patients achieved successful sequential bili-
ary stenting after the failure of  initial stone extraction, 
whereas this strategy failed in five patients. Of  the 42 pa-
tients were enrolled, 81% were women, and the mean age 
was 71.9 ± 14.2 years (range: 33-97 years). Almost 90% 
of  patients were symptomatic, presenting with ascend-
ing cholangitis, biliary pain, obstructive jaundice, or acute 
pancreatitis (52.4%, 23.8%, 9.5%, and 4.8%, respectively). 
The stones were located at the distal, middle, and proxi-
mal portions of  the CBD in 47.6%, 47.6%, and 4.8% 
of  cases, respectively. Eight-eight percent were fit to the 
duct. The mean number of  stones per patient was 1.5 ± 
1.1 stones (range: 1-6 stones), the mean stone maximum 
diameter was 1.86 ± 0.43 cm (range: 1.5-3.0 cm), and the 
average CBD maximum diameter was 1.83 ± 0.45 cm 
(range: 1.2-3.5 cm). Patients who underwent biliary stent-
ing were followed for an average of  12.8 mo (range: 2-54 
mo) after the initial stone removal attempt. Biliary clear-
ance was achieved in 88.0% of  cases, with an average 
time between each attempt of  10.2 wk (range: 5-24 wk), 
and an average time to complete duct clearance of  26.8 
wk (range: 6-216 wk). The average number of  sessions 
for complete biliary clearance was 2.5 ± 0.86 procedures 
(range: 2-6 procedures). The baseline characteristics of  

the patients and procedural details (including cholangio-
graphic findings) are shown in Table 1.

Table 1 compares the clinical characteristics, cholan-
giographic features, and procedure details between the two 
groups of  patients. Stone shape, size, and characteristics 
were similar between the groups. For patients with failed 
sequential biliary stenting, the average time interval after 
the first endoscopic retrograde cholangio-pancreatography 
(ERCP) to surgery was 71 wk (range: 28-184 wk), and the 
average number of  sessions performed before surgery was 
4.2 sessions (range: 3-6 sessions). The surgical outcomes 
were satisfactory without significant complications. The 
patients who underwent successful sequential biliary stent-
ing had an average time interval between the first attempt 
and complete CBD clearance of  25.4 wk (range: 6-216 
wk), and the average number of  sessions performed was 
2.43 sessions (range: 2-6 sessions). The factors that may 
be related to the failure of  sequential biliary stenting were 
no reduction of  CBD stone size at the second procedure 
(P = 0.04) and a greater number of  sessions performed (P 
< 0.001). Another factor that may contribute to the failure 
of  sequential biliary stenting, albeit insignificant in our 
study (P = 0.13), is the failure of  balloon sphincteroplasty 
at the first attempt. A study in a larger cohort may be re-
quired to confirm this result.
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Table 1  Baseline characteristics and cholangiographic findings of enrolled patients in both groups, including the comparison of 
procedural details, stone characteristics, and complications  n  (%)

Details Total 
(n  = 42)

Success group
(n  = 37)

Failed group
(n  = 5)

P  value

Male sex 34 (81.0)   6 (16.2)   2 (40.0) NS
Age in years 71.9 ± 14.2 71.9 ± 14.3 72.0 ± 15.5 NS
Indications for ERC
   Cholangitis 22 (52.4) 20 (54.1)   2 (40.0) NS
   Biliary pain 10 (23.8)   8 (21.6)   2 (40.0)
   Obstructive jaundice 4 (9.5) 3 (8.1)   1 (20.0)
   Acute pancreatitis 2 (4.8) 2 (5.4) 0 (0.0)
   Asymptomatic 4 (9.5) 4 (9.5) 0 (0.0)
CBD size in mm 1.83 ± 0.45 1.80 ± 0.44 2.06 ± 0.56 NS
Stone size in mm 1.86 ± 0.43 1.85 ± 0.41 2.04 ± 0.58 NS
Stone number 1.50 ± 1.06 1.51 ± 1.12 1.40 ± 0.55 NS
Stone fit to CBD 37 (88.1) 32 (86.5) 5 (100) NS
Stone shape NS
   Irregular   7 (18.9)   1 (20.0)
   Geometric (oval, cube) 30 (81.1)   4 (80.0)
Stone characteristics NS
   Mixed stone 17 (45.9)   3 (60.0)
   Cholesterol stone 20 (54.1)   2 (40.0)
Change in stone size
   Decrease 25 (67.6)   1 (20.0) 0.04
   Stable 12 (32.4)   4 (80.0)
Balloon sphincteroplasty   9 (24.3)   3 (60.0) 0.13
Use of mechanical lithotripsy 14 (37.8)   2 (40.0) NS
Time to successful procedures in weeks 25.42 ± 40.42 None NA
Sessions carried out 2.43 ± 0.80   2.80 ± 1.30 NS
Average follow-up time in months 13.10 ± 13.79 10.70 ± 8.81 NS
Complications during follow-up period NS
   Ascending cholangitis   6 (14.3)   6 (16.2) 0 (0.0)
   Acute pancreatitis 2 (4.8) 1 (2.7)   1 (20.0)
   None 34 (80.9) 30 (81.1)   4 (80.0)

CBD: Common bile duct; ERC: Endoscopic retrograde cholangiography; NS: No statistical significance as P > 0.5; NA: Not analyzed. 
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ated with failure were unchanged CBD stone size after 
the first biliary stenting procedure and a greater number 
of  ERCP sessions performed.
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failed initial complete CBD clearance. The factors associ-

Prachayakul V et al . Biliary stenting for stone removal

 COMMENTS



292 June 16, 2013|Volume 5|Issue 6|WJGE|www.wjgnet.com

J Gastroenterol 2012; 18: 2396-2401 [PMID: 22654432 DOI: 
10.3748/wjg.v18.i19.2396]

6	 Youn YH, Lim HC, Jahng JH, Jang SI, You JH, Park JS, Lee SJ, 
Lee DK. The increase in balloon size to over 15 mm does not 
affect the development of pancreatitis after endoscopic papil-
lary large balloon dilatation for bile duct stone removal. Dig 
Dis Sci 2011; 56: 1572-1577 [PMID: 20945093 DOI: 10.1007/
s10620-010-1438-4]

7	 Yang J, Peng JY, Chen W. Endoscopic biliary stenting for 
irretrievable common bile duct stones: Indications, advan-
tages, disadvantages, and follow-up results. Surgeon 2012; 10: 
211-217 [PMID: 22647840 DOI: 10.1016/j.surge.2012.04.003]

8	 Tandan M, Reddy DN, Santosh D, Reddy V, Koppuju V, 
Lakhtakia S, Gupta R, Ramchandani M, Rao GV. Extracor-
poreal shock wave lithotripsy of large difficult common bile 
duct stones: efficacy and analysis of factors that favor stone 
fragmentation. J Gastroenterol Hepatol 2009; 24: 1370-1374 
[PMID: 19702905 DOI: 10.1111/j.1440-1746.2009.05919.x]

9	 Han J, Moon JH, Koo HC, Kang JH, Choi JH, Jeong S, Lee 
DH, Lee MS, Kim HG. Effect of biliary stenting combined 
with ursodeoxycholic acid and terpene treatment on re-
tained common bile duct stones in elderly patients: a multi-
center study. Am J Gastroenterol 2009; 104: 2418-2421 [PMID: 
19568225 DOI: 10.1038/ajg.2009.303]

10	 Katsinelos P, Fasoulas K, Paroutoglou G, Chatzimavroudis 
G, Beltsis A, Terzoudis S, Katsinelos T, Dimou E, Zavos C, 
Kaltsa A, Kountouras J. Combination of diclofenac plus 
somatostatin in the prevention of post-ERCP pancreati-
tis: a randomized, double-blind, placebo-controlled trial. 
Endoscopy 2012; 44: 53-59 [PMID: 22198776 DOI: 10.1055/
s-0031-1291440]

11	 Karaliotas C, Sgourakis G, Goumas C, Papaioannou N, Lilis 
C, Leandros E. Laparoscopic common bile duct exploration 
after failed endoscopic stone extraction. Surg Endosc 2008; 22: 
1826-1831 [PMID: 18071799]

12	 Hochberger J, Tex S, Maiss J, Hahn EG. Management of dif-
ficult common bile duct stones. Gastrointest Endosc Clin N Am 
2003; 13: 623-634 [PMID: 14986790]

13	 Tanaka M. Bile duct clearance, endoscopic or laparoscopic? J 
Hepatobiliary Pancreat Surg 2002; 9: 729-732 [PMID: 12658407]

14	 Williams EJ, Ogollah R, Thomas P, Logan RF, Martin D, 
Wilkinson ML, Lombard M. What predicts failed cannulation 
and therapy at ERCP? Results of a large-scale multicenter 

analysis. Endoscopy 2012; 44: 674-683 [PMID: 22696192 DOI: 
10.1055/s-0032-1309345]

15	 Lee TH, Han JH, Kim HJ, Park SM, Park SH, Kim SJ. Is the 
addition of choleretic agents in multiple double-pigtail bili-
ary stents effective for difficult common bile duct stones in 
elderly patients? A prospective, multicenter study. Gastroin-
test Endosc 2011; 74: 96-102 [PMID: 21531412 DOI: 10.1016/
j.gie.2011.03.005]

16	 McHenry L, Lehman G. Difficult bile duct stones. Curr Treat 
Options Gastroenterol 2006; 9: 123-132 [PMID: 16539873]

17	 Binmoeller KF, Schafer TW. Endoscopic management of 
bile duct stones. J Clin Gastroenterol 2001; 32: 106-118 [PMID: 
11205644]

18	 Katsinelos P, Galanis I, Pilpilidis I, Paroutoglou G, Tsolkas 
P, Papaziogas B, Dimiropoulos S, Kamperis E, Katsiba D, 
Kalomenopoulou M, Papagiannis A. The effect of indwelling 
endoprosthesis on stone size or fragmentation after long-term 
treatment with biliary stenting for large stones. Surg Endosc 
2003; 17: 1552-1555 [PMID: 12915970]

19	 Horiuchi A, Nakayama Y, Kajiyama M, Kato N, Kamijima T, 
Graham DY, Tanaka N. Biliary stenting in the management 
of large or multiple common bile duct stones. Gastrointest 
Endosc 2010; 71: 1200-1203.e2 [PMID: 20400079 DOI: 10.1016/
j.gie.2009.12.055]

20	 Chan AC, Ng EK, Chung SC, Lai CW, Lau JY, Sung JJ, Leung 
JW, Li AK. Common bile duct stones become smaller after 
endoscopic biliary stenting. Endoscopy 1998; 30: 356-359 
[PMID: 9689508]

21	 Maxton DG, Tweedle DE, Martin DF. Retained common 
bile duct stones after endoscopic sphincterotomy: temporary 
and longterm treatment with biliary stenting. Gut 1995; 36: 
446-449 [PMID: 7698707]

22	 Jain SK, Stein R, Bhuva M, Goldberg MJ. Pigtail stents: an 
alternative in the treatment of difficult bile duct stones. Gas-
trointest Endosc 2000; 52: 490-493 [PMID: 11023565]

23	 Arya N, Nelles SE, Haber GB, Kim YI, Kortan PK. Electrohy-
draulic lithotripsy in 111 patients: a safe and effective therapy 
for difficult bile duct stones. Am J Gastroenterol 2004; 99: 
2330-2334 [PMID: 15571578]

24	 Ang TL, Fock KM, Teo EK, Chua TS, Tan J. An audit of the 
outcome of long-term biliary stenting in the treatment of 
common bile duct stones in a general hospital. J Gastroenterol 
2006; 41: 765-771 [PMID: 16988765]

P- Reviewer  Rubio CA    S- Editor  Huang XZ    L- Editor  A    
E- Editor  Zhang DN

Prachayakul V et al . Biliary stenting for stone removal


