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Abstract
AIM
To evaluate the clinical efficacy and safety of an 
innovative percutaneous transhepatic extraction and 
balloon dilation (PTEBD) technique for clearance of 
gallbladder stones in patients with concomitant stones 
in the common bile duct (CBD).

METHODS
The data from 17 consecutive patients who underwent 
PTEBD for clearance of gallbladder stones were 
retrospectively analyzed. After removal of the CBD 
stones by percutaneous transhepatic balloon dilation 
(PTBD), the gallbladder stones were extracted to the 
CBD and pushed into the duodenum with a balloon 
after dilation of the sphincter of Oddi. Large stones 
were fragmented using a metallic basket. The patients 
were monitored for immediate adverse events including 
hemorrhage, perforation, pancreatitis, and cholangitis. 
During the two-year follow-up, they were monitored 
for stone recurrence, reflux cholangitis, and other long-
term adverse events.

RESULTS
Gallbladder stones were successfully removed in 16 
(94.1%) patients. PTEBD was repeated in one patient. 
The mean hospitalization duration was 15.9 ± 2.2 d. 
Biliary duct infection and hemorrhage occurred in one 
(5.9%) patient. No severe adverse events, including 
pancreatitis or perforation of the gastrointestinal 
or biliary tract occurred. Neither gallbladder stone 
recurrence nor refluxing cholangitis had occurred two 
years after the procedure.

CONCLUSION
Sequential PTBD and PTEBD are safe and effective for 
patients with simultaneous gallbladder and CBD stones. 
These techniques provide a new therapeutic approach 
for certain subgroups of patients in whom endoscopic 
retrograde cholangiopancreatography/endoscopic 
sphincterotomy or surgery is not appropriate.

Key words: Common bile duct; Gallstones; Removing; 
Percutaneous; Balloon

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Simultaneous gallbladder and common bile 
duct stones present a challenge in certain subgroups 
of patients with pulmonary or cardiac comorbidities 
who cannot tolerate the risk of general anesthesia 
with tracheal intubation, endoscopic retrograde 
cholangiopancreatography/endoscopic sphincterotomy, 
or surgery. For these patients, sequential percutaneous 
transhepatic balloon dilation and percutaneous 
transhepatic extraction and balloon dilation, providing 
a path with compliance and only requiring intravenous 
anesthesia, could be a safe and effective procedure.

Liu B, Wu DS, Cao PK, Wang YZ, Wang WJ, Wang W, Chang 
HY, Li D, Li X, Hertzanu Y, Li YL. Percutaneous transhepatic 
extraction and balloon dilation for simultaneous gallbladder 
stones and common bile duct stones: A novel technique. World J 
Gastroenterol 2018; 24(33): 3799-3805  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v24/i33/3799.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v24.i33.3799

INTRODUCTION
Gallstones constitute a significant health issue, affecting 
10% to 15% of the adult population in developed 
societies[1,2] and approximately 13% of the Chinese 
population[3]. Gallstones cause pain and discomfort in 
the right upper abdomen and are associated with other 
symptoms such as nausea, vomiting, and postprandial 
fullness, which can seriously affect a patient’s quality 
of life. In the United States, 20 to 25 million patients 
are newly diagnosed with gallstones each year, and the 
medical expenses for the prevention and treatment of 
gallstone disease reach almost $62 billion annually[1]. 
The goal of treatment is to resolve ongoing infections, 
thereby preventing recurrent cholecystitis, subsequ­
ent cholangitis, hepatic fibrosis, and progression to 
cholangiocarcinoma[4].

Approximately 15% of patients with gallbladder 
stones have concomitant common bile duct (CBD) 
stones[5]. Open exploration of the CBD was historically 
the therapeutic option for patients with CBD stones. 
During recent decades, endoscopic retrograde 
cholangiopancreatography (ERCP) with endoscopic 
sphincterotomy (EST) has gained wide acceptance as 
an effective and minimally invasive alternative. After 
ERCP/EST, gallbladder stones must be removed through 
open cholecystectomy, laparoscopic cholecystectomy, 
or percutaneous cholecystolithotomy. Whether removal 
of CBD stones should be followed by cholecystectomy 
to prevent recurrent symptoms has long been debated. 
Recent prospective randomized trials have indicated 
benefits of subsequent cholecystectomy[6].

However, some older patients have pulmonary or 
cardiac comorbidities and cannot tolerate the risk of 
general anesthesia with tracheal intubation, ERCP/EST, 
or surgery. Therefore, for treatment of this subgroup, we 
aimed to evaluate the clinical efficacy of an innovative 
percutaneous transhepatic extraction and balloon dilation 
(PTEBD) following percutaneous transhepatic balloon 
dilation (PTBD).

MATERIALS AND METHODS
From December 2013 to June 2014, 17 consecutive 
patients with 35 simultaneous gallbladder and CBD 
stones (demonstrated by ultrasonography, computed 
tomography, or magnetic resonance cholangiopan­
creatography) underwent PTEBD after percutaneous 
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CBD stone removal in our hospital (Table 1). The hospital 
ethics committee approved this prospective study, and all 
patients provided written informed consent.

The study included ten men and seven women 
aged 51 to 79 years with a mean age of 65.8 ± 8.9 
years old. All patients suffered from pulmonary or 
cardiac comorbidities such as emphysema, pulmonary 
insufficiency, coronary artery disease, cardiac 
insufficiency, or other conditions that lowered their 
tolerance for general anesthesia with tracheal intubation, 
EST, or surgery. Gallbladder and CBD stone diameters 
ranged from 0.6-2.2 cm. Ten (28.6%) stones were 
< 10 mm, twenty-one (60%) ranged from 10-20 
mm, and four (11.4%) were > 20 mm. Six patients 
(35.3%) were admitted with acute cholecystitis, nine 
(52.9%) with acute cholangitis, and two (11.8%) with 
pancreatitis. PTEBD was repeated in one patient because 
of overlooked stones. Laboratory values, including WBC 
count, aspartate aminotransferase (AST), total bilirubin 

(TBIL), direct bilirubin (DBIL), albumin (ALB) and serum 
amylase were obtained using routine laboratory tests.

Inclusion criteria were: (1) Concomitant gallbladder 
and CBD stones with symptoms of acute cholangitis, 
pancreatitis, or cholecystitis; (2) inability to tolerate 
or refusal to undergo general anesthesia with tracheal 
intubation, ERCP/EST, or surgery because of cardiac or 
lung insufficiency; (3) ERCP/EST not possible due to 
prior Billroth II surgery; (4) leukocyte count ≥ 4.0 × 
109 /L, platelet count ≥ 60 × 109 /L, and hemoglobin 
concentration ≥ 100 g/L; (5) predicted life span of ≥ 6 
mo; and (6) Karnofsky score > 70.

Exclusion criteria were: (1) Concomitant intrahepatic 
bile duct stones; (2) severe cardiac insufficiency (New 
York Heart Association class III-IV) or advanced lung 
disease (determined by consultation with respiratory 
disease specialists), liver disease (Child-Pugh class C), 
or kidney disease (grade 3 chronic kidney disease); or 
(3) severe coagulopathy (prothrombin time > 17 s or 
platelet count ≤ 60 × 109 /L).

Percutaneous CBD stone removal: PTBD
The intrahepatic bile duct was punctured (Figure 1) 
using conventional percutaneous transhepatic cholangiod­
rainage with aseptic technique under ultrasonographic 
and fluoroscopic guidance and intravenous general 
anesthesia. Cholangiography revealed the number, size, 
and location of the CBD stones. Balloons (Cristal Balloon; 
Balt Extrusion, Montmorency, France) sized appropriately 
for the diameter of the CBD and stones were then 
introduced crossing the stones using a 0.035-inch-
diameter guide wire (Radifocus Guidewire M; Terumo 
Medical Corporation, Tokyo, Japan), and the sphincter 
of Oddi was gradually and intermittently dilated (Figure 
2)[7]. The sphincter could be dilated to a maximum of 
22 mm. The empty balloon was then withdrawn above 
the stones, inflated, and used to push the stones into 
the duodenum through the sphincter of Oddi (Figure 
3)[8,9]. An 8.5-Fr catheter (COOK Medical, Bloomington, 
IN 47404, United States) was placed in the CBD for 
drainage and cholangiography in case of residual stones.

Percutaneous clearance of gallbladder stones: PTEBD
One week after PTBD, contrast was injected through the 
CBD catheter to perform cholangiography, identifying 
the anatomic characteristics of the bile duct tree and 
if there was any residual CBD stones. If yes, PTBD 
was performed again. If no, a guide wire and a 4-Fr 
single-angle catheter (Terumo Medical Corporation, 
Tokyo, Japan) were introduced through the previous 
transhepatic tract into the gallbladder through the cystic 
duct in sequence. Cholangiography revealed the number, 
size, and location of the gallbladder stones (Figure 4A). 
Large stones were extracted to the CBD with a basket 
(Olympus, Japan) and then pushed into the duodenum 
using PTBD (Figure 4B). Sandy stones could be aspirated 
through a guiding catheter (Launcher, Medtronic, 
Minneapolis, MN, United States) (Figure 4C). An 8.5-Fr 
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Table 1  Patient and treatment characteristics

Characteristic n  (%)

No. of patients 17
Gender
   Female 7 (41.2)
   Male 10 (58.8)
Comorbidity
   Emphysema 3 (17.6)
   Pulmonary insufficiency 5 (29.4)
   Coronary artery disease 3 (17.6)
   Cardiac insufficiency 5 (29.4)
   Hypoproteinemia 1 (6.0)
Number of PTEBD procedures
   One 16 (94.1)
   Two 1 (5.9)
Diameter of stones
   < 10 mm 10 (28.6)
   10-20 mm 21 (60.0)
   ≥ 20 mm 4 (11.4)
Types of stones
   Cholesterol stone 16 (45.7)
   Mixed stone 15 (42.9)
   Bilirubin stone 4 (11.4)

Figure 1  Puncture of the bile duct, and cholangiography showing the 
number, size, and location of simultaneous gallbladder and common bile 
duct stones.

Liu B et al . An alternative for complicated cholelithiasis
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0.05 was considered statistically significant.

RESULTS
A total of 35 gallbladder stones were successfully 
removed by PTEBD in 16 (94.1%) of the 17 patients. 
PTEBD was repeated in one patient. The mean hospita­
lization duration was 15.9 ± 2.2 d. 

The diameter of ten stones (28.6%) was smaller 
than 10 mm, twenty-one stones (60.0%) ranged from 
10-20 mm, and four stones (11.4%) were larger than 
20 mm. Sixteen stones (45.7%) were cholesterol type, 
four (11.4%) were bilirubin type, and fifteen (42.9%) 
were mixed type. 

The concentrations of AST, TBIL, DBIL and WBC 
count declined markedly after PTBD and PTEBD. 
The differences in these indexes before PTBD, one 
week after PTBD, and one week after PTEBD were all 
significant (P < 0.01). In contrast, ALB concentration 
significantly increased after PTBD and PTEBD (Table 2). 

One (5.9%) of the seventeen patients developed 
a high fever (39.5 ℃) and shivering. Escherichia coli 
was found in the bile, and a biliary duct infection 
was confirmed. Another patient developed bile duct 
hemorrhage and recovered after treatment with 1000 IU 
of reptilase and drainage clamping. No severe adverse 

drainage catheter was placed in the gallbladder and 
removed after two weeks without residual stones. 

Outcome measures
Outcomes recorded included postoperative hospital 
stay, success rate, causes of failure, and procedure-
related complications. The AST, TBIL, DBIL, ALB, serum 
amylase concentrations, and WBC count were recorded 
before the procedure and at one week and one month 
after the procedure. Short-term adverse events, such 
as biliary duct infection, hemorrhage, pancreatitis, 
and gastrointestinal and biliary duct perforation were 
assessed before discharging. Ultrasonography, computed 
tomography, or magnetic resonance cholangiopancrea­
tography were performed at 1, 3, 6, 9, 12, 18 and 24 mo 
after the procedure. Refluxing cholangitis, and recurrence 
of gallbladder or CBD stones, considered as long-term 
complications, were monitored for two years. 

Statistical analysis
All statistical analyses were performed using IBM SPSS 
Statistics 24.0. Categorical variables were presented 
as number and percentage. Continuous data were 
presented as mean ± standard deviation. We used 
paired t-tests for the same indexes before and after the 
procedure in the same patient. A P value of less than 

Figure 2  Sequential dilation of the sphincter of Oddi with an 8 mm × 60 mm and a 14 mm × 40 mm balloon.

Figure 3  Empty balloon was then withdrawn above the stones, inflated, and used to push the stones into the duodenum through the sphincter of Oddi. A: 
The empty balloon was withdrawn above the common bile duct stones (white arrow) and then re-inflated. B: The common bile duct stones (white arrow) were pushed 
into the duodenum through the dilated sphincter of Oddi.

A B
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events occurred during the perioperative period, including 
pancreatitis or perforation of the gastrointestinal or biliary 
duct. Neither recurrence of gallbladder or CBD stones 
nor refluxing cholangitis had occurred two years after the 
procedure.

DISCUSSION
Several different methods for management of simul­
taneous gallbladder and CBD stones have been proposed 
and are currently in clinical use[4-6]. Furthermore, since 
the introduction of laparoscopic cholecystectomy, the 
frequency of preoperative removal of CBD stones by 
ERCP/EST has increased[10]. However, certain subgroups 
of patients cannot tolerate or refuse to undergo general 
anesthesia with tracheal intubation, ERCP/EST, or surgery 
due to insufficient pulmonary or cardiac function. In other 
patients, prior Billroth II surgery causes overwhelming 
obstacles for endoscopy, preventing subsequent ERCP/
EST. 

Percutaneous transhepatic papillary dilation was 
reported to be a safe and effective procedure for CBD 
stone removal[11-13]. The present study indicates that 
PTBD and PTEBD are safe and effective and have a 
low incidence of biliary duct infection and hemorrhage 
without causing pancreatitis or perforation of the 
gastrointestinal or biliary duct. Furthermore, because 
the sphincter of Oddi is preserved, the incidence of 

late adverse events such as refluxing cholangitis and 
recurrence of gallbladder and CBD stones is lower than 
that after EST[14-17].

Theoretically, gallstones can be treated either 
surgically or nonsurgically after PTBD. In fact, only 
cholesterol gallstones can be treated without surgery. 
With a functioning gallbladder, cholesterol gallstones 
will dissolve slowly when ingestion of ursodiol or 
chenodiol induces the secretion of unsaturated bile[18]. 
Stone dissolution could be enhanced by increasing the 
surface area of the stone via extracorporeal shock wave 
lithotripsy, which fragments stones rapidly and safely, 
accelerating their dissolution rate. Some organic solvents 
such as methyl tert-butyl ether can be instilled into the 
gallbladder through a catheter via either a percutaneous 
transhepatic or endoscopic approach, which also dissolves 
the stones rapidly[19]. However, gallstones will eventually 
recur in about 50% of patients who undergo these 
nonsurgical treatments because the gallbladder is left 
in place and the fundamental pathogenic abnormalities 
are not corrected[20]. Compared with surgery (open or 
laparoscopic cholecystectomy) or nonsurgical medication, 
PTEBD has the advantages of being less invasive, being 
well tolerated by patients, and having a lower recurrence 
rate. 

Several key points of PTBD and PTEBD should be 
addressed: (1) usually puncture of the right front hepatic 
duct is recommended to obtain a more compliant 

Table 2  Relevant variables before and one week after percutaneous transhepatic balloon dilation and one week after percutaneous 
transhepatic extraction and balloon dilation

Item Before PTBD One week after PTBD One week after PTEBD

AST (U/L) 128.1 ± 47.7 42.7 ± 23.1a 23.5 ± 10.1ab

TBIL (µmol/L) 169.0 ± 56.6 62.8 ± 21.5a 16.1 ± 8.8ab

DBIL (µmol/L) 110.6 ± 40.3 36.5 ± 12.1a 11.8 ± 8.0ab

WBC (× 109/L) 16.5 ± 2.6 11.2 ± 2.1a 7.3 ± 1.6ab

ALB (g/L) 21.4 ± 4.9 32.5 ± 3.2a 37.6 ± 3.1ab

aP < 0.01 compared with parameters before PTBD; bP < 0.01 compared with parameters one week after PTBD. AST: Aspartate aminotransferase; TBIL: 
Total bilirubin; DBIL: Direct bilirubin; WBC: White blood cell; ALB: Albumin; PTBD: Percutaneous transhepatic balloon dilation: PTEBD: Percutaneous 
transhepatic extraction and balloon dilation.

A B C

Figure 4  Percutaneous clearance of gallbladder stones. A: Sequential introduction of a guidewire and 4-Fr single-angle catheter into the gallbladder through 
the cystic duct, and cholangiography showing the number, size, and location of the gallbladder stones (white arrow); B: Capture of stones in a metallic basket; C: 
Aspiration of sandy stones out of the body through a guide catheter.

Liu B et al . An alternative for complicated cholelithiasis
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operating tract; (2) a stiff guide wire is necessary along 
the puncture tract, bile duct, duodenum, and jejunum 
for improved balloon support; (3) the sphincter of 
Oddi should be gradually and intermittently dilated 
to a maximum diameter of 22 mm to avoid tearing; 
(4) baskets should be applied for fragmentation of 
large stones (> 10 mm); (5) aspiration through a 
guide catheter is usually effective for sandy stones 
in the gallbladder; and (6) postoperative drainage 
decompresses the bile duct and decreases the incidence 
of pancreatitis. 

Our study has two main limitations. First, as a pilot 
study, the number of patients was small. Second, this 
treatment method is devised for a specific subset of 
patients in which it has been well tested.

In conclusion, our data indicate that sequential 
PTBD and PTEBD is a safe, feasible, and effective 
treatment option for simultaneous gallbladder and CBD 
stones. It is an innovative alternative procedure for a 
subgroup of patients who cannot tolerate the risk of 
general anesthesia. Larger studies and generalizability 
of the results to more widespread populations will be 
investigated in the future.

ARTICLE HIGHLIGHTS
Research background
Gallstones constitute a significant health issue, and 15% of these cases have 
concomitant common bile duct (CBD) stones. Open exploration of CBD, 
endoscopic retrograde cholangiopancreatography (ERCP) with endoscopic 
sphincterotomy (EST) followed by open or laparoscopic cholecystectomy may 
solve the problem. 

Research motivation
However, a certain subgroup of patients with pulmonary or cardiac comorbidities 
cannot tolerate the risk of general anesthesia with tracheal intubation, ERCP/
EST, or surgery. 

Research objectives 
We aimed to evaluate the clinical efficacy of an innovative percutaneous 
transhepatic extraction and balloon dilation (PTEBD) following percutaneous 
transhepatic balloon dilation (PTBD).

Research methods
From December 2013 to June 2014, 17 consecutive patients with 35 
simultaneous gallbladder and CBD stones underwent PTEBD after 
percutaneous CBD stone removal in our hospital. Laboratory values, including 
WBC count, aspartate aminotransferase (AST), total bilirubin (TBIL), direct 
bilirubin (DBIL), albumin (ALB) and serum amylase were obtained using routine 
laboratory tests. Gallbladder and CBD stone diameters ranged from 0.6-2.2 cm. 
Ten (28.6%) stones were < 10 mm, twenty-one stones ranged from 10-20 mm, 
and four were > 20 mm. Six patients were admitted with acute cholecystitis, 
nine with acute cholangitis, and two with pancreatitis. All statistical analyses 
were performed using IBM SPSS Statistics 24.0. Categorical variables were 
presented as number and percentage. Continuous data were presented as 
mean ± standard deviation. We used paired t-tests for the same indexes 
before and after the procedure in the same patient. P < 0.05 was considered 
statistically significant.

Research results
Thirty-five gallbladder stones were successfully removed by PTEBD in 16 of 
the 17 patients. PTEBD was repeated in one patient. The mean hospitalization 
duration was 15.9 ± 2.2 d. The concentrations of AST, TBIL, DBIL and WBC 

count declined markedly after PTBD and PTEBD. The differences in these 
indexes before PTBD, one week after PTBD, and one week after PTEBD were 
all significant. In contrast, ALB concentration significantly increased after PTBD 
and PTEBD. No severe adverse events, including pancreatitis or perforation 
of the gastrointestinal or biliary duct occurred during the perioperative period. 
Neither recurrence of gallbladder or CBD stones nor refluxing cholangitis had 
occurred two years after the procedure.

Research conclusions
As our data indicate, sequential PTBD and PTEBD is a safe, feasible, and 
effective treatment option for simultaneous gallbladder and CBD stones. It is an 
innovative alternative procedure for a subgroup of patients who cannot tolerate 
the risk of general anesthesia.

Research perspectives
In the future, larger studies and generalizability of the results to more 
widespread populations will be investigated.
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