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PURPOSE
We aimed to evaluate the effectiveness of percutaneous transhepatic removal of bile duct stones
in children.

METHODS
The study included 12 pediatric patients (4 males, 8 females; age range, 1-16 years; mean age, 6.6
years) who underwent percutaneous transhepatic removal of bile duct stones between Septem-
ber 2007 and December 2015. Demographic data, patient symptomes, indications for interven-
tions, technical and clinical outcomes of the procedure, and complications were retrospectively
evaluated.

RESULTS

Of 12 children, five children with cholelithiasis underwent cholecystectomy subsequently. The
overall technical and clinical success rate was 100%. One patient had cholangitis as a complica-
tion during the follow-up and was treated medically.

CONCLUSION

Percutaneous transhepatic removal of bile duct stones is a safe and effective method for the
treatment of children with biliary stone disease. It is a feasible alternative when the endoscopic
procedure is unavailable or fails.

ercutaneous biliary interventions in children are performed primarily for liver trans-

plant complications. The other indications are classified as malignant or benign bil-

iary obstruction (1-7). Biliary obstruction caused by an underlying malignancy or
common bile duct (CBD) stones is not a frequently encountered problem in children. The
prevalence of cholelithiasis is between 0.13% and 2% in children, and CBD stones occur in
10%-20% of children with cholelithiasis (8). Endoscopic retrograde cholangiopancreatog-
raphy (ERCP) is the preferred method for evaluation and management of pancreaticobiliary
disorders including biliary obstruction due to stones and stricture, acute and chronic pan-
creatitis, choledochal cysts, and bile leaks (4, 5). Many centers have age and size limitation
for ERCP and it is often difficult to perform in small infants. In such cases, percutaneous
methods are preferred as an alternative (2, 3). In this paper, we present the results of percu-
taneous transhepatic management of bile duct stones in 12 children.

Methods

Patients

The study included 12 pediatric patients (4 males, 8 females; age range, 1-16 years; mean
age, 6.6 years) who underwent percutaneous transhepatic bile duct stone removal between
September 2007 and December 2015. Demographic data, patient symptoms, indications
for interventions, technical and clinical outcomes of the procedure, and procedure-related
complications were retrospectively evaluated. Demographic data of the children who un-
derwent percutaneous removal of CBD stones are displayed in the Table. Approval for the
study was granted by the Institutional Research Ethics Committee.

All children were symptomatic; the presenting symptoms were obstructive jaundice, bili-
ary colic, and cholangitis with abdominal pain.
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Liver function tests, serum bilirubin lev-
els, complete blood count, and blood coag-
ulation parameters were reviewed, and any
coagulation disorder was corrected before
the procedure. Abdominal ultrasonography
(US) examination was performed routine-
ly, and magnetic resonance imaging (MRI)
findings were carefully examined to evalu-
ate the biliary system before the procedure.
The diagnosis of biliary stone disease was
made from clinical examination, US, and
MRI examination.

Completion of the interventional pro-
cedure was accepted as technical success.
Complete resolution or reduction of symp-
toms was defined as clinical success.

Technique

Informed consent was obtained from the
parents of all children before the procedure.
All procedures were performed under intra-
venous sedation provided by a qualified
anesthesiologist. Continuous monitoring
was performed during the operation in all
cases. Intravenous broad-spectrum antibi-

* Biliary stone disease is rarely seen in children,
and clearance of bile duct stones can be a
challenging task in children.

* Percutaneous transhepatic removal of bile
duct stones is a safe and effective method for
the treatment of children with biliary stone
disease.

* It may be used as an alternative technique
when the endoscopic procedure is unavailable
or fails.
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Figure. a-c. One-year-old female patient presented with jaundice and serum bilirubin level of 8.1/7.1 mg/dL. Percutaneous transhepatic cholangiography
image (a) shows two stones, 6 mm in diameter (arrows) in the common bile duct with mild dilatation of the biliary tree. After 8 mm balloon dilatation of
the Oddi sphincter (b, arrow), the stones were pushed into the duodenum by a Fogarty balloon catheter (not shown). Control cholangiography (c) after
laparoscopic cholecystectomy demonstrates normal caliber of the biliary tree with free flow of bile to the duodenum.

otic (cephalosporin) prophylaxis was ad-
ministered before the procedures, except
in patients already receiving antibiotic
treatment. The procedures were performed
with fluoroscopy guidance under standard
sterile conditions. Low pulse rate fluoros-
copy and optimal collimation were used
to reduce radiation exposure and gonadal
protection.

Using a right intercostal approach, per-
cutaneous transhepatic cholangiography
was performed to evaluate the biliary tree.
A 21-gauge Chiba needle (Cook Medical)
was advanced into the liver parenchyma.
After removing the stylet, the needle was
retracted slowly during injection of nonion-
ic contrast media (lopromide, Ultravist 370,
Schering Pharma) until a biliary duct was
opacified. If no bile duct was displayed on
the initial trial, this maneuver was repeat-
ed in different directions without leaving
the liver capsule. When a central duct was
entered, a more peripheral duct was punc-
tured using a second needle to reduce the
risk of hemorrhagic complications. After bil-
iary opacification, a 0.018-inch microguide
was advanced into the hepatic duct via the
needle. A coaxial introducer system (Boston
Scientific) was placed into the bile duct over
the microguide. Entrance to the bile duct
was obtained after removing the stiffener
and 4 French (F) dilator, and more contrast
material was administered to ensure the
complete opacification of the biliary tree.
Dilatation of the tract was performed us-
ing a 7 F dilator over a 0.035-inch floppy tip
guidewire (Boston Scientific), and a 7 or 8
F introducer was placed into the common
hepatic duct. The guidewire was advanced
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into the duodenum through the sphinc-
ter of Oddi, via the sheath. Then, balloon
dilatation catheter (XXL, Boston Scientific/
Medi-tech) was placed across the sphincter
over the wire. The balloon diameter, rang-
ing from 8 to 12 mm, was selected accord-
ing to the transverse diameter of the largest
stone size. The balloon length was 40 mm.
The balloon was inflated until indentation
of the sphincter shield was obtained for 30—
60 s. Following dilatation, the expulsion of
all the stones into the duodenum was per-
formed with an over-the-wire Fogarty bal-
loon catheter (Fig.). After this process,an 8 F
external biliary drainage catheter (Flexima,
Boston Scientific) was placed into the com-
mon hepatic duct to provide biliary system
decompression.

Results

Control cholangiography was performed
via the existing catheter 2-7 days (median,
3.1 days) after the procedure in all patients.
When normal bile flow and absence of re-
sidual stone were verified, the catheter was
removed, and the tract was closed using
gelfoam sponge.

The overall technical and clinical success
rates were 100%. The serum bilirubin levels
and symptoms of cholangitis returned to
normal following the procedures and medi-
cal treatment in all patients.

Bile duct stones were successfully
pushed into the duodenum in all patients.
Of 12 children, five with concomitant
cholelithiasis underwent cholecystectomy
subsequently, one of whom had a dupli-
cated gallbladder with double cystic duct
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Table. Demographic data of the children who underwent percutaneous removal of common bile duct stones

Predisposing Largest stone Number of Balloon Follow-up
Patientno.  Age (yrs)/Sex factor Cholelithiasis diameter (mm) stones diameter (mm) Complication (months)
1 11/M Thalassemia Yes 7 2 8 - 28
2 3/F = No 10 3 12 = 20
3 7/F = No 7 4 8 ° 33
4 10/F = No 8 4 10 - 41
5 16/F = Yes 8 1 10 - 60
6 1/F = Yes 6 2 8 - 21
7 4/F = Yes 10 4 12 Cholangitis 31
8 3/F Type | choledochal cyst No 5 1 8 - 32
9 3/M Anomalous PBD)J No 6 1 8 - 24
10 4/M = No 5 1 8 = 1
1 8/F Thalassemia Yes = Sludge 8 - 15
12 9/M = No 5 >4 8 - 26

M, male; F, female; PBDJ, pancreaticobiliary duct junction.

and one had type 1 choledochal cyst. The
patient with choledochal cyst underwent
choledochoduodenostomy after percu-
taneous biliary drainage, developed the
catheter was withdrawn after surgery. Only
one patient had cholangitis as a complica-
tion during the follow-up and was treated
medically. There was no procedure-related
mortality. All children remained asymptom-
atic during the follow-up period. The mean
follow-up time was 28.5 months (range,
11-60 months).

Discussion

In this study, we present our experience
in the management of 12 children with
CBD stones causing biliary obstruction.
Complete clearance of the bile duct was
achieved with symptomatic improvement
by percutaneous stone expulsion into the
duodenum in all cases. To the best of our
knowledge, this is the first report demon-
strating that percutaneous stone expulsion
into the duodenum is a safe and effective
method for the treatment of children with
biliary stone disease.

Biliary obstruction is rarely seen in chil-
dren from either benign or malignant caus-
es. Biliary atresia, choledochal cyst, and
choledocholithiasis are the most common
benign causes whereas rhabdomyosarco-
ma is the most common malignant cause
(9). Gallbladder and CBD stones rarely oc-
cur in children, and are seen in patients
with predisposing factors or diseases such
as hematologic problems, distal ileum dis-

orders, choledochal cysts, or pancreatico-
biliary duct anomalies (8, 10). Clearance of
bile duct stones can be a challenging taskin
small children, and is based on the availabil-
ity of expertise of endoscopy, intervention,
or surgery. Percutaneous interventional
techniques, endoscopic methods or surgi-
cal procedures are available for the treat-
ment of children with CBD stones.

Open or laparoscopic CBD exploration is
the method for removal of bile duct stones
in children (11-13). The success rate of lap-
aroscopic CBD exploration is between 60%
and 87.5% with 0%-30% complication rates
(11-13). Lau et al. (12) reported eight cases
that underwent laparoscopic CBD stone re-
moval after laparoscopic cholecystectomy
using saline flush, balloon catheters, nitinol
stone extractor, and glucagon. Procedures
were successful in seven patients. We think
that surgery may be considered when the
stones cannot be managed nonsurgically.

Stone extraction may be performed en-
doscopically with or without sphincterot-
omy, and may be combined with laparo-
scopic cholecystectomy, if needed. ERCP
has 95%-100% success rate and 3.2%-7.7%
complication rate (4, 5, 14-17). Effect of
sphincterotomy on the papilla such as bil-
iopancreatic reflux, cholangitis, and the risk
of papillary stenosis is unclear in children
over the long-term. However, ERCP is not al-
ways accessible to children or not available
in all centers. In such cases, percutaneous
transhepatic stone removal is an alternative
method for the management of CBD stones.
Although high success rates of percutane-

ous transhepatic biliary stone removal have
been reported in adult populations (18-20),
there have been no studies about percuta-
neous bile duct stone removal in children.
Percutaneous transhepatic biliary proce-
dures are often challenging in children, par-
ticularly in newborn, due to the small size
of bile ducts. Our study demonstrates that
percutaneous transhepatic management of
CBD stones is safe and effective in children.

A variety of options are available for
treatment of children with choledocho-
cystolithiasis. Treatment of choledocholithi-
asis as well as cholecystolithiasis is possible
surgically as a single stage procedure (11,
12). Endoscopic sphincterotomy and subse-
quent cholecystectomy is a two-stage pro-
cedure. In the current study, five children
with choledochocystolithiasis underwent
laparoscopic cholecystectomy following
percutaneous clearance of the CBD stones.
In these children, external drainage cathe-
ters were withdrawn to allow for demon-
stration of absence of residual stones fol-
lowing cholecystectomy.

When bile duct stones are detected in
children, predisposing factors including
hemolytic disorders, choledochal cyst, and
anomalous  pancreaticobiliary  junction
should be excluded (10, 13). In our series,
predisposing factors including choledochal
cyst (n=1), thalassemia (n=2), an anoma-
lous pancreaticobiliary junction (n=1) were
detected in four children. No recognizable
predisposing factors were detected in the
remaining children.
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In children, complications of percuta-
neous transhepatic biliary procedures are
infection and bleeding due to trauma (e.g.,
sepsis, cholangitis, and hemobilia), perfo-
ration, malposition of the catheter, or cath-
eter blockage (1-5). In the current study,
cholangitis was seen in one patient who
was treated medically. No additional com-
plications and no mortality were noted.

The main limitations of this study are the
retrospective nature of the study and the
small number of patients.

In conclusion, percutaneous transhep-
atic expulsion of bile duct stones into the
duodenum is a safe and effective method
in treatment of pediatric patients with bil-
iary stone disease. It is a feasible alternative
when the endoscopic procedure is unavail-
able or has failed.
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