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Abstract
AIM: To describe characteristics of a poorly expand-
able (PE) common bile duct (CBD) with stones on en-
doscopic retrograde cholangiography.

METHODS: A PE bile duct was characterized by a 
rigid and relatively narrowed distal CBD with retro-
grade dilatation of the non-PE segment. Between 2003 
and 2006, endoscopic retrograde cholangiography 
(ERC) images and chart reviews of 1213 patients with 
newly diagnosed CBD stones were obtained from the 
computer database of Therapeutic Endoscopic Center 

in Chang Gung Memorial Hospital. Patients with char-
acteristic PE bile duct on ERC were identified from the 
database. Data of the patients as well as the safety 
and technical success of therapeutic ERC were col-
lected and analyzed retrospectively. 

RESULTS: A total of 30 patients with CBD stones and 
characteristic PE segments were enrolled in this study. 
The median patient age was 45 years (range, 20 to 
92 years); 66.7% of the patients were men. The di-
ameters of the widest non-PE CBD segment, the PE 
segment, and the largest stone were 14.3 ± 4.9 mm, 
5.8 ± 1.6 mm, and 11.2 ± 4.7 mm, respectively. The 
length of the PE segment was 39.7 ± 15.4 mm (range, 
12.3 mm to 70.9 mm). To remove the CBD stone(s) 
completely, mechanical lithotripsy was required in 25 
(83.3%) patients even though the stone size was not 
as large as were the difficult stones that have been 
described in the literature. The stone size and stone/
PE segment diameter ratio were associated with the 
need for lithotripsy. Post-ERC complications occurred in 
4 cases: pancreatitis in 1, cholangitis in 2, and an im-
pacted Dormia basket with cholangitis in 1. Two (6.7%) 
of the 28 patients developed recurrent CBD stones at 
follow-up (50 ± 14 mo) and were successfully man-
aged with therapeutic ERC. 

CONCLUSION: Patients with a PE duct frequently 
require mechanical lithotripsy for stones extraction. To 
retrieve stones successfully and avoid complications, 
these patients should be identified during ERC.
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INTRODUCTION
Endoscopic retrograde cholangiography (ERC) with en-
doscopic sphincterotomy (ES) and stone extraction are 
considered standard therapies for the treatment of  com-
mon bile duct (CBD) stones[1-3]. After ES, 85% to 90% 
of  CBD stones can be removed with a Dormia basket or 
balloon catheter[4,5]. However, removal of  CBD stones 
can be challenging in certain cases, such as those involv-
ing large stones (> 15 mm), stones above strictures, 
and impacted stones[6]. In cases involving such difficult 
stones, fragmentation using mechanical lithotripsy or 
shock wave lithotripsy is required to facilitate stone ex-
traction[6-8]. However, mechanical lithotripsy for extrac-
tion of  CBD stones can be unsuccessful in the presence 
of  bile duct stricture, when the size of  the stone is large, 
and when the ratio of  stone size to bile duct diameter is 
greater than 1[9-11]. Impaction of  an extraction basket and 
an entrapped stone in the distal CBD may complicate 
stone clearance in some cases[12-14].

In contrast, anatomic abnormality of  the CBD has 
been considered to be a contributing factor to difficult 
stones[15]. Kim et al[16] recently reported that complete clear-
ance of  CBD stones was technically difficult in patients 
with acute distal CBD angulation (≤ 135 degrees) and a 
short distal CBD arm (≤ 36 mm). However, the current 
definition of  large (or difficult) CBD stone does not in-
clude the factor of  distal CBD diameter[17]. In our clinical 
experience, we have encountered a subgroup of  patients 
whose CBD stones were particularly difficult to extract. 
Further, in some cases, the extraction basket containing the 
entrapped stone was impacted in the bile duct if  mechani-
cal lithotripsy was not applied. The common characteristic 
feature of  these patients was a relatively narrowed distal 
CBD on ERC: the distal CBD was almost normal in diam-
eter, but it was poorly expandable (PE), as the upstream 
CBD was disproportionately dilated. The aim of  this study 
was to describe the clinical and imaging features and to ex-
amine the safety and technical success of  ERC in patients 
with both CBD stones and a PE bile duct.

MATERIALS AND METHODS
Description of poorly expandable bile duct
A PE bile duct was characterized by a rigid distal CBD 

with an almost normal diameter on ERC. The non-PE 
segment of  CBD was often more dilated than the PE 
segment (Figure 1). The rigid characteristic of  the PE 
segment was usually confirmed by increased resistance 
when the balloon or basket catheter with the stone was 
pulled from the non-PE segment across the PE segment.  

Patients
During the 4-year period between 2003 and 2006, we 
retrospectively collected data from 1213 patients with 
CBD stones from the endoscopic computer database of  
Change Gung Memorial Hospital, Taipei (China). En-
doscopic retrograde cholangiopancreatography (ERCP) 
images of  patients with newly diagnosed CBD stones 
were reviewed, and 30 (2.5%) of  the patients with the 
characteristics of  a PE bile duct were enrolled in this 
study. The subjects included 20 men and 10 women. 
The median patient age was 45 years (range, 20 to 92 
years). Chart records and the safety and technical suc-
cess of  ERC in these patients were reviewed. None of  
the patients had a medical history of  chronic pancreatitis 
or biliary stricture prior to ERCP. The clinical diagnoses 
were obstructive jaundice in 13 cases, acute cholangitis in 
10 cases, acute cholecystitis in 3 cases, acute pancreatitis 
in 1 case, and others in 3 cases. The gallbladder status of  
the patients was as follows: previously resected in 6 (20%) 
cases, intact with stone(s) in 23 (76.7%) cases, and intact 
without stones in 1 (3.3%) case. There were 2 (6.7%) 
patients with low insertion of  the cystic duct and 6 (20%) 
patients with juxtapapillary diverticulum.

Endoscopic procedures
Endoscopic procedures were performed by endoscopists 
with an ERCP case volume of  at least 2 per week, using 
a duodenoscope (JF-240 or TJF-240; Olympus). The ES 
procedure was performed as mentioned in our previous 
study[18]. After ES, a retrieval balloon catheter (n = 9), 
Dormia basket (n = 5), or lithotripter (BML-202Q.B or 
BML-203Q.B, Olympus Corporation, Tokyo, Japan, n 
= 16) was used to extract the CBD stone(s). When the 
balloon catheter or Dormia basket failed to retrieve the 
stone(s), a lithotripter was used to crush and extract the 
stones. After stone removal, a contrast medium was in-
jected, and the inflated balloon catheter was withdrawn 
along the CBD to the duodenum to confirm bile duct 
clearance. 

Measurements of parameters on cholangiograms
The maximum transverse diameter of  the PE segment, 
non-PE CBD, and largest stones as well as the length of  
PE segment and the distal CBD angle were assessed on 
the cholangiography. The length of  the PE segment was 
defined as the length between the duodenal wall and the 
tapering end of  the non-PE CBD (Figure 1). The distal 
CBD angle was defined as the angle between the axis of  
the non-PE CBD and the PE segment (Figure 1A). These 
factors were measured from the ERC scan, which was 
obtained under the condition of  full contrast injection 
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with the patient in a prone position and the duodeno-
scope in a shortened configuration. The parameters were 
measured after correction for the magnification using the 
known diameter of  the duodenoscope on the ERC.

Statistical analysis
Data in the text and tables are expressed as the mean ± 
SD values. The difference in the ratio of  the diameters 
of  the non-PE segment to the PE segment and the stone 
size to the PE segment were compared using the Mann-
Whitney U test. Further, the difference was compared 
with the two-sample t test for continuous variables and 
Fisher’s exact test for categorical variables. The analyses 
were performed with SPSS version 17.0 statistical soft-
ware for Windows. A P value of  < 0.05 was considered 
statistically significant. 

RESULTS 
A total of  30 patients with PE bile ducts who underwent a 
combined total of  52 ERC procedures were analyzed. The 
baseline characteristics of  these patients are listed in Table 1. 
The serum total bilirubin level before ERC was 6.5 ± 3.6 
mg/dL (range, 0.6 to 15 mg/dL). The maximal diameter 

of  the non-PE CBD was 14.3 ± 4.9 mm (range, 7 mm to 
26 mm). The diameter and the length of  the PE segment 
were 5.8 ± 1.6 mm (range, 4 mm to 10 mm) and 39.7 ± 
15.4 mm (range, 12.3 mm to 70.9 mm), respectively. The 
distal CBD angle was 159.3 ± 13.9 degree (range, 130 
degree to 175 degree). The number of  stones was one in 
18 cases, two in 4 cases, three in 7 cases, and five in 1 case. 
The average diameter of  the largest stone from each case 
was 11.3 ± 4.7 mm (range, 6 mm to 24 mm). Five patients 
had stones > 15 mm in diameter. Cholesterol stones were 
found in 16 cases, black stones in 11 cases, and brown 
stones in 3 cases. The ratio of  the maximal diameter of  
the non-PE CBD to the PE segment was 2.4 (range, 1.4 
to 3.5). The ratio of  the diameter of  the largest stone to 
the PE segment was 1.8 (range, 0.9 to 4). 

In all patients, the CBD stones were eventually re-
trieved successfully. The number of  ERC procedures 
needed to completely remove the CBD stone(s) was 
one in 16 (53.3%) cases, two in 8 (26.7%) cases, three in 
5 (16.7%) cases, and five in 1 (3.3%) case. The reasons 
for performing more than one ERC procedure to com-
pletely extract the CBD stones were as follows: incom-
plete clearance of  the CBD stones during the first ERC 
procedure (n = 8), referral from other institutions due to 
failure to extract the CBD stones (n = 3), recurrent CBD 
stones due to migration of  the cystic duct stones (n = 2), 
and occurrence of  Mirizzi syndrome (n = 1).

Overall, mechanical lithotripsy was performed in 
25 (83.3%) patients, including 12 out of  the 16 patients 
undergoing a single session of  ERC and 13 out of  the 
14 patients undergoing multiple (≥ 2) sessions of  ERC 
(4 of  the 13 patients did not undergo lithotripsy during 
the first ERC procedure). Five patients did not require 
mechanical lithotripsy. Comparative data for the patients 
with and without lithotripsy for CBD stone clearance 
are given in Table 1. The factors used for analysis were 
age; gender; total serum level of  bilirubin; stone size, 
number, and characteristics; history of  cholecystectomy; 
presence of  juxtapapillary diverticulum; diameter of  the 
non-PE segment and the PE segment; length of  the PE 
segment; distal CBD angle; and the diameter ratio of  the 
non-PE segment to the PE segment and of  the stone 
to the PE segment. Of  the various factors analyzed, the 
stone size and the ratio of  the diameter of  the stone 
to the PE segment were significantly greater in patients 
who needed lithotripsy (P = 0.04 and 0.02, respectively).

Post-ERC complications occurred in 4 (13.3%) cases, 
including pancreatitis in 1 (3.3%), cholangitis in 2 (6.7%), 
and impacted Dormia basket with cholangitis in 1 (3.3%). 
One patient died of  acute myocardial infarction 2 d after 
ERCP. Twenty-eight patients had long-term follow-up with 
a mean period of  50 ± 14 mo (range, 29 mo to 80 mo). 
Two (6.7%) patients developed recurrent CBD stones and 
were successfully managed with therapeutic ERC. 

DISCUSSION
In this study, we describe the ERC findings of  patients 
with concomitant CBD stones and a PE bile duct and the 
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Figure 1  Endoscopic retrograde cholangiogram showing the poorly ex-
pandable distal common bile duct (arrows) and the more dilated upstream 
bile duct. A: The arrowhead indicates the stone. Line a and line b indicate the 
length of the non-poorly expandable bile duct and the poorly expandable seg-
ment. The actual lengths were measured after correction for the magnification 
with the known diameter of the duodenoscope on the endoscopic retrograde 
cholangiography (line c). The distal common bile duct angle was defined as the 
angle formed by line a and line b; B: The stone (arrowhead) is floating in the 
non-poorly expandable bile duct.
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impact of  these findings on the retrieval of  the stones. 
This series showed that 2.5% of  patients with CBD 
stones had PE bile ducts. The mean diameter and length 
of  the PE duct were 5.8 mm and 39.7 mm, respectively. 
The non-PE CBD was more dilated than the PE seg-
ment, with a mean diameter ratio of  2.4. Post-ERC com-
plications occurred in 4 (13.3%) of  the patients. 

After ES, CBD stones up to 15 mm in diameter can 
usually be completely extracted with a basket or a retriev-
al balloon catheter[8,15]. In this study, the average diameter 
of  the largest CBD stones was 11.3 mm, and there were 
only five patients (16.7%) with stones > 15 mm in di-
ameter. However, mechanical lithotripsy was frequently 
performed (overall, 83.3%) to clean the CBD stones for 
patients with a PE bile duct. This rate was much higher 
compared with the rate reported in the literature (9.4% 
to 21.7%) for patients with CBD stones who needed 
lithotripsy[9,10]. In the subsequent analysis, we found that 
stone size or the ratio of  stone size to the PE segment 
diameter were associated with the need of  lithotripsy. 
Since the stones were relatively small, the major factor 
associated with the need of  lithotripsy was the ratio of  
stone size to the PE segment diameter. Sharma and Jain 
reported that 6 of  304 patients (2%) with small CBD 
stones (7-9 mm) had stones extraction with mechanical 
lithotripsy due to a narrowed distal CBD (3-4 mm)[19]. 
These 6 patients might also have the PE bile duct.

The endoscopists frequently chose a lithotripter as the 
first tool to extract the CBD stones (16/30 or 53.3%), 
which might be one of  the reasons for the high rate of  
lithotripsy in this study. This practice was adopted because 
of  several cases in our early experience that featured an 
impaction of  the extraction basket and an entrapped 
stone in the PE segment. Since then, we have often used 
a lithotripter rather than a Dormia basket to entrap the 
stone, even when the stone was small. Hence, the authors 
had only 1 case of  biliary-basket impaction in this study. 

Biliary-basket impaction often occurred upstream of  
the PE segment. Therefore, we suggest using Conquest 
through the channel lithotriptor cable for emergency lith-
otripsy when this complication occurs. In our experience, 
the Soehendra lithotripter cable is more difficult to pass 
through the relatively narrowed PE segment.

An impacted CBD stone or a large stone (≥ 30 mm) 
poses a high risk of  mechanical lithotripsy failure[11]. In 
this series, CBD stones were successfully removed in all 
patients for whom mechanical lithotripsy was indicated, 
although some patients needed more than one endo-
scopic session. This high success rate was probably due 
to the small stone size, and there was no case in which 
the stone was impacted in the bile duct. The non-PE 
segment was dilated to a greater extent than the PE seg-
ment, providing the space for the opening of  the litho-
tripter to capture the stone(s).

Eight (26.7%) of  the 30 patients had incomplete 
clearance of  the CBD stones during the first procedure 
of  ERC; therefore, they needed multiple sessions of  
ERC to clean the stones completely. There might be 2 
possible reasons for performing multiple sessions. First, 
a high proportion of  patients underwent mechanical 
lithotripsy. After lithotripsy, small stone fragments may 
be left undetected after completion of  the ERC proce-
dure with bile duct clearance[20-22]. Second, the distal end 
of  the non-PE segment tapered abruptly at its point of  
attachment to the PE segment. Similar to the bile duct 
stricture, some stone fragments might be left in the junc-
tion of  the non-PE segment and the PE segment during 
extraction[11].

The cause of  PE bile duct remains unknown. Physi-
ologically, the intrapancreatic CBD can be entirely free 
within the pancreatic capsule, or less commonly, it is par-
tially or completely enclosed by a strip of  pancreatic tissue 
up to 20 mm wide and 3 to 5 mm thick, i.e., the lingula 
pancreatic[23]. The diameter of  the PE segment was 5.8 ± 

2399 May 21, 2012|Volume 18|Issue 19|WJG|www.wjgnet.com

  Parameters Overall (n  = 30) Need lithotripsy (n  = 25) Without lithotripsy (n  = 5) 1P  value

  Age (yr)       47.4 ± 19.4 (20-92)         45.0 ± 19.3 (20-92)          59.0 ± 19.4 (29-76)        0.15
  Gender (men) n (%)                     20 (66.7)                       17 (68)                          3 (60)        1
  Serum total bilirubin (mg/dL)           6.5 ± 3.6 (0.6-15)             6.7 ± 3.8 (1.1-15)              5.5 ± 3.6 (0.6-10.1)        0.55
  History of cholecystectomy n (%)                       6 (20)                         5 (20)                          1 (20)        1
  Juxtapapillary diverticulum n (%)                       7 (23.3)                         5 (20)                          2 (40)        0.57
  CBD stones
     Size of the largest stone (mm)         11.3 ± 4.7 (6-24)           12.0 ± 4.8 (6-24)              7.2 ± 1.6 (6-10)        0.04
     Characteristic (cholesterol/black/brown)           16/11/3               13/9/3                 3/2/0        0.72
     Number (≥ 2) n (%)                     12 (40)                       11 (44)                          1 (20)        0.62
  Bile duct diameter (mm)
     Non-PE CBD         14.3 ± 4.9 (7-26)           14.8 ± 4.9 (7-26)            11.4 ± 5.0 (7-20)        0.17
     PE segment           5.8 ± 1.6 (4-10)             5.9 ± 1.6 (4-10)              5.6 ± 1.8 (4-8)        0.73
  Length of the PE segment (mm)       39.7 ± 15.4 (12.3-70.9)         38.0 ± 14.8 (12.3-70.9)          45.1 ± 17.5 (22.5-70.2)        0.44
  Distal CBD angle (degree)     159.3 ± 13.9 (130-175)          160 ± 12.1 (135-175)           157 ± 18.9 (130-175)        0.75
  Diameter ratio of non-PE segment to PE segment           2.4 ± 0.6 (1.4-3.5)             2.5 ± 0.6 (1.5-3.5)              2.2 ± 0.4 (1.4-2.5)        0.05
  Stone to PE segment           1.8 ± 0.7 (0.9-4)             2.1 ± 0.7 (1.2-4)              1.4 ± 0.4 (0.9-1.8)        0.02

Table 1  Characteristics of patients with a poorly expandable bile duct and comparisons between the patients with and without me-
chanical lithotripsy

CBD: Common bile duct; PE: Poorly expandable. 1P value was the basis of comparison between patients with and without lithotripsy. A P value of < 0.05 
indicated a significant difference.

Cheng CL et al . Poorly expandable common bile duct



1.6 mm (range, 4 mm to 10 mm), which was compatible 
with the reported duct widths for an intrapancreatic por-
tion of  CBD[24]. Therefore, the PE bile duct may result 
from an intrapancreatic CBD that is entirely enclosed by 
the lingula pancreatis, resulting in the rigid characteristic. 
However, the length of  PE segment had a wide range in 
this study (12.3 mm to 70.9 mm; mean 39.7 mm), which 
was not compatible with the length of  the lingula pan-
creatis (range, 10 mm to 25 mm)[23]. Further study may be 
needed to investigate the nature of  the PE bile duct.

The PE bile duct might not increase the risk of  the 
recurrence of  CBD stones. Tsuchiya et al[20] reported a 
recurrence rate of  13.2% in patients with CBD stones 
during a 3-year follow-up study. In a study conducted in 
Taiwan, the recurrence rate of  CBD stones was 18%[25]. 
In the present series, CBD stone recurred in 7.8% of  the 
patients during the 3-year follow-up period. This rate is 
no higher than that reported in the literature.

In conclusion, PE bile duct occurred in a small pro-
portion of  patients with CBD stones. Lithotripsy or 
multiple ERC procedures were frequently needed in pa-
tients with a PE bile duct. To avoid the complication of  
biliary-basket impaction, we suggest the use of  a litho-
tripter rather than a Dormia basket to entrap and extract 
the stone when a PE bile duct is noted on ERC during 
the initial procedure.

COMMENTS
Background 
There were several cases in early experience that featured an impaction of the 
extraction basket and an entrapped stone in the distal common bile duct (CBD) 
rather than in the papillary orifice after endoscopic sphincterotomy. Since then, 
the authors found that the common characteristic of these patients was a poorly 
expandable (PE) distal CBD on endoscopic retrograde cholangiography (ERC). 
Therefore, the authors conducted this study to describe the ERC findings of 
patients with CBD stones and a PE bile duct and evaluate the impact of these 
findings on the retrieval of the stones. 
Research frontiers
CBD stones in the PE bile duct have not been reported in the literature. To the 
knowledge, this is the first study to describe the clinical and imaging features 
and to examine the safety and technical success of ERC in patients with both 
CBD stones and a PE bile duct.
Innovations and breakthroughs
The study showed that the diameters of the PE segment and the widest non-
PE CBD segment were 5.8 ± 1.6 mm and 14.3 ± 4.9 mm, respectively. The 
length of the PE segment was 39.7 ± 15.4 mm (range, 12.3 mm to 70.9 mm). 
To remove the CBD stone(s) completely, mechanical lithotripsy was required 
in 83.3% of the patients, even though the stone size was not as large (11.2 ± 
4.7 mm). The stone size and stone/PE segment diameter ratio were associated 
with the need for lithotripsy.
Applications
Patients with CBD stones and a PE duct frequently require mechanical litho-
tripsy during therapeutic ERC, especially when the ratio of the stone diameter 
to the PE segment diameter is high. To achieve successful stone retrieval and 
avoid complications, the authors suggest the use of a lithotripter rather than a 
Dormia basket to entrap and extract the stone when a PE bile duct is noted on 
ERC during the initial procedure.
Terminology
A PE bile duct was characterized by a rigid distal CBD with an almost normal di-
ameter on ERC. The non-PE segment of CBD was often more dilated than the 
PE segment. The rigid characteristic of the PE segment was usually confirmed 

by increased resistance when the balloon or basket catheter with the stone was 
pulled from the non-PE segment across the PE segment.  
Peer review
The authors have performed a study in which they identified all patients with 
CBD stones and a poorly expandable bile duct by means of a retrospective 
search in a computerized database. A total of 30 patients were found and the 
authors attempted to describe their characteristics. They concluded that the 
majority of these patients needed mechanical lithotripsy, especially those with a 
high ratio of stone diameter to the poorly-expandable CBD segment diameter. 
This a well-written paper and an interesting contribution to the understanding of 
factors related to difficult CBD stone extraction.
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