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Objectives:Upon completion of this article, the reader will be
able to discuss the diagnostic evaluation of choledocholithia-
sis together withmanagement strategies, including advanced
and percutaneous techniques, for difficult biliary anatomy
and challenging stone burden.
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The presence of a stone or stones within the common bile
duct (CBD) is known as choledocholithiasis. Choledocholithia-
sis is reported in 3 to 22% of cholecystectomies.1,2 In distinc-
tion to cholelithiasis, the majority of choledocholithiasis is
symptomatic—specifically, right upper quadrant pain, caused
by distention of the extrahepatic bile duct, along with nausea
and vomiting.3 Complications of choledocholithiasis include

acute pancreatitis and cholangitis. Acute cholangitis presents
with Charcot’s triad (fever, right upper quadrant pain, jaun-
dice), along with leukocytosis. Biliary pancreatitis results in
marked elevation of serum amylase and lipase levels.4

Biliary stones are classified by chemical composition:
cholesterol (>70% cholesterol), mixed (30% < cholesterol
< 70%), and pigmented (cholesterol < 30%).5 Cholesterol
and mixed gallstones form in the gallbladder after the con-
centration of cholesterol has exceeded the solubilizing ability
of lecithin and bile salts. Cholesterol precipitates out of
solution into crystals forming the gallstone nucleus.6 Choles-
terol and mixed stones share common risk factors and they
make up 80 to 90% of gallstones found upon cholecystectomy
in Western societies.6

Pigment stones are classified into black and brown stones.
Black stones are formed in the gallbladder from polymerized
calcium bilirubinate. Black stones are associated with hemolytic
disorders, cysticfibrosis, and Crohndisease.7–9 Brown stones are
softer and composed of unpolymerized calcium bilirubinate.9

Brown stones are generally found in the extrahepatic and
intrahepatic ducts, in the presence of bacterial infection and
biliary stasis.10 Bacterial by-products and enzymes, notably
β-glucuronidase, cause precipitation of bilirubin out of solution,
thus forming a brown stone.9 Brown stones are associated with
recurrent pyogenic cholangitis and biliary parasites.9–11
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Abstract Choledocholithiasis occurs in up to approximately 20% of patients with cholelithiasis. A
majority of stones form in the gallbladder and then pass into the common bile duct,
where they generate symptoms, due to biliary obstruction. Confirmatory diagnosis of
choledocholithiasis is made with advanced imaging, including magnetic resonance
cholangiopancreatography and endoscopic retrograde cholangiopancreatography
(ERCP). Treatment varies locally; however, ERCP with sphincterotomy is most commonly
employed with a high degree of success. Difficult anatomy and difficult stone burden
require advanced surgical, endoscopic, and percutaneous techniques to extract or expel
biliary stones. Knowledge of these treatment strategies will optimize outcomes.

Issue Theme Biliary Interventions;
Guest Editor, Thuong G. Van Ha, MD

Copyright © 2016 by Thieme Medical
Publishers, Inc., 333 Seventh Avenue,
New York, NY 10001, USA.
Tel: +1(212) 584-4662.

DOI http://dx.doi.org/
10.1055/s-0036-1592329.
ISSN 0739-9529.

268

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

mailto:cmolvar@lumc.edu
http://dx.doi.org/10.1055/s-0036-1592329
http://dx.doi.org/10.1055/s-0036-1592329


Choledocholithiasis is classified as primary or secondary
according to stone origin.3 Primary choledocholithiasis refers
to stones formeddirectlywithin thebiliary tree,while secondary
choledocholithiasis refers to stones ejected from the gallbladder.
Primary choledocholithiasis is generally composed of brown
stones and is rare in Western populations. Secondary choledo-
cholithiasis stone composition parallels that of cholelithiasis,
with cholesterol as the most common type.3

Initial Workup

The diagnosis of choledocholithiasis is initially suggested
by symptomatology, laboratory tests, and ultrasound (US)
findings. Individually, each of these variables has a poor
sensitivity and specificity for choledocholithiasis.12,13 The
American Society of Gastrointestinal Endoscopy (ASGE)
developed a stratification model for the probability of
choledocholithiasis—specifically, low (<10%), intermediate
(10–50%), and high risk (>50%), based on age, symptoms,
liver biochemical tests, and US findings.14 Very strong
predicators are the presence of a CBD stone on transabdo-
minal US, acute cholangitis, and serum bilirubin greater
than 4 mg/dL. The liver function test pattern of choledo-
cholithiasis is an initial elevation of aspartate aminotrans-
ferase and alanine transaminase, with a delayed rise in
alkaline phosphatase and total bilirubin with persistent
biliary obstruction.3

Transabdominal US is often the initial imaging study in
patients with suspected choledocholithiasis, as it is readily
available, noninvasive, portable, and low cost. Biliary stones
appear echogenic and round with acoustic shadowing. In a
meta-analysis, US had a sensitivity of 73% and specificity of
91% for detecting a CBD stone.2,3 The distal CBD is particu-
larly difficult to evaluate, due to overlying bowel gas, as
compared with ease of gallbladder evaluation. US can
reliably detect a dilated extrahepatic bile duct, typically a
CBD > 6 mm, which is an indirect sign of choledocholithia-
sis. However, a large study of patients undergoing cholecys-
tectomy found that nearly half of the patients with
choledocholithiasis had a nondilated CBD.15 Moreover, the
diameter of the extrahepatic bile duct increaseswith age, and
as such, older patients may have a normal duct greater than
6 mm. Largely, due to its poor sensitivity, a negative US does
not rule out choledocholithiasis.

A computed tomographic (CT) scan is frequently obtained
in the evaluation of abdominal pain. The literature regarding
CT for diagnosis of choledocholithiasis is heterogeneous and it
is usually not considered a definitive test. Many gallstones are
similar in density to surrounding bile and lack calcium, which
limits CT conspicuity and hence sensitivity. CT diagnosis of
choledocholithiasis may be improved by the addition of a
hepatobiliary-excreted intravenous contrast agent.16,17

Similar to US, it is able to detect biliary ductal dilation, a
secondary sign of choledocholithiasis (►Fig. 1).

Fig. 1 A 71-year-old man with abdominal pain and elevated liver function tests. Patient has a remote history of cholelithiasis, sphincterotomy for
choledocholithiasis, and refusal of cholecystectomy. (a) Non–contrast-enhanced CT of the abdomen demonstrating cholelithiasis (arrow) with
dilated common bile duct (CBD) (arrowhead) and pneumobilia (asterisk). (b) Magnetic resonance cholangiopancreatography showing
cholelithiasis and choledocholithiasis (long arrow) with a dilated CBD and prominent pancreatic duct (short arrow) without evidence of
pancreatitis. (c) Endoscopic retrograde cholangiopancreatography with multiple filling defects consistent with choledocholithiasis (arrows).
(d) Cholangiogram after balloon extraction of stones with resolution of filling defects. (e) Endoscopic image of biliary stones in the duodenum.
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Confirmatory Diagnosis

Definitive diagnosis of choledocholithiasis is made with
advanced imaging, consisting of magnetic resonance cholan-
giopancreatography (MRCP), endoscopic retrograde cholan-
giopancreatography (ERCP), endoscopic ultrasound (EUS),
intraoperative cholangiography (IOC), intraoperative ultra-
sound (IUS), and percutaneous transhepatic cholangiography
(PTC). The best method for the diagnosis of choledocholithia-
sis is controversial, as each modality has benefits and
shortcomings.

Magnetic Resonance Cholangiopancreatography
MRCP utilizes T2-weighted images to visualize thefilling defects
(biliary stones) or stenosis in the slow moving fluid within the
biliary tree (►Fig. 1).18 If extrahepatic cholestasis is present, the
configuration of bile, at the point of obstruction, signals the
underlying cause (benign vs. malignant). An impacted biliary
stone will appear as a rounded filling defect with a crescent of
bile.19 In distinction to ERCP, imaging of prestenotic segments is
not limited. MRCP is also the preferred imagingmodality for the
assessment of intrahepatic stone burden.3 Utilizing a contrast
agent, with biliary excretion on T1-weighted images, can give
additional information about the degree of obstruction, and
allows for better visualization of the CBD inpatientswith ascites.
There is no significant difference in diagnostic ability of T1
contrast-enhanced and T2 MRCP for the diagnosis of choledo-
cholithiasis.20 In a study of 34 patients with choledocholithiasis,
MRCP identified 91% of biliary stones, yet stones smaller than
5 mm were detected only in 71% of cases.21 MRCP is recom-
mended for patients with intermediate probability of choledo-
cholithiasis by the ASGE.1,14

Endoscopic Ultrasound
EUS utilizes an US probemounted on the tip of an endoscope.
EUS does not require ionizing radiation, is sensitive for stones
smaller than 5 mm, and has a much lower complication rate
(0.1–0.3%) than ERCP.14 EUS may not be appropriate in
patients with postsurgical anatomy, as it requires approxi-
mation of the US probe to the CBD. EUS is not limited by bowel
gas, as seen with transabdominal US. A systematic review
identified a high diagnostic accuracy for both EUS and MRCP
for choledocholithiasis—specifically, a sensitivity of 95% and
specificity of 97% for EUS, and a sensitivity of 93% and
specificity of 96% for MRCP.22 As such, patients with a nega-
tive EUS or MRCP do not require invasive evaluation for
choledocholithiasis. The choice between EUS and MRCP, for
intermediate probability choledocholithiasis, is based on the
resource availability, experience, and costs.23

Endoscopic Retrograde Cholangiopancreatography
ERCP is a diagnostic and therapeutic procedure, which entails
cannulating the ampulla of Vater and CBD with injection of
contrast under fluoroscopy, and observing for filling defects
(►Fig. 1). ERCP is often used as the reference standard to
evaluate choledocholithiasis. ERCP has a complication rate of
8 to 12%, most commonly manifesting as pancreatitis.24–26

ERCP is recommended for patients with high probability of

choledocholithiasis, due both to its invasiveness and ability to
treat, if choledocholithiasis is discovered.14

Intraoperative Cholangiography and Intraoperative
Ultrasound
In the operating room, the surgeon may undertake IOC and
IUS utilizing a laparoscopic or open surgical approach. IOC is
the direct injection of the biliary tree with a water-soluble
contrast agent, with radiographic visualization, to detect
choledocholithiasis and delineate biliary anatomy. This ana-
tomic delineation reduces the risk of operative CBD injury.27

IOC is highly sensitive (99%) and specific (99%) for the
diagnosis of choledocholithiasis, according to a recent sys-
tematic review.28 Use of IOC is debated among surgeons, and
according to a 2008 survey, it is not routinely performed.27

IUS allows evaluation of the biliary tree during laparoscopic
surgery, including detection of choledocholithiasis and delin-
eation of biliary anatomy. Advantages of this technique over
IOC include no requirement for cannulation of the biliary tree
and no iodinated contrast or ionizing radiation exposure.29 A
single-center retrospective study documented a sensitivity of
95% and specificity of 100% for bile duct stones.30However, the
performance of IUS is strongly operator dependent with a slow
learning curve and it is not widely available.29

Percutaneous Transhepatic Cholangiography
PTC describes percutaneous cannulation of the intrahepatic
biliary system with fluoroscopic-monitored contrast injection
(►Figs. 2 and 3). It demonstrates biliary anatomy, including
the size, number, and position of stones, much like ERCP. With
the advent of cross-sectional and endoscopic imaging modali-
ties, PTC is rarely utilized for the diagnosis of choledocholi-
thiasis. Instead, it is the initial component of percutaneous
transhepatic therapies for biliary tract disease, including chol-
edocholithiasis, often when ERCP is not feasible.

Management

The treatment of choledocholithiasis varies locally, according
to the skills of the practitioner and availability of equipment.
The cornerstone of therapy is removal of the biliary stone
together with early recognition and treatment of complica-
tions (jaundice, acute pancreatitis, and acute cholangitis).
This section will briefly review the surgical and endoscopic
means of treatment.

Surgery
Surgical techniques include open, laparoscopic common bile
duct exploration (LCBDE) and laparoscopic-assisted transgastric
endoscopic retrograde cholangiopancreatography (LA-ERCP).
Before the current era of laparoscopic surgery and endoscopic
intervention, open CBD exploration, at the time of cholecystec-
tomy, was standard practice. Owing to increased hospital stay
and recuperation time, open cholecystectomy is largely replaced
by laparoscopic cholecystectomy, with a commensurate
decrease in open CBD exploration. LCBDE is safe with a compli-
cation rate similar to ERCP.31,32 Single-stage laparoscopic chole-
cystectomy and LCBDE decrease length of hospital stay,
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compared with two-stage ERCP and laparoscopic cholecystec-
tomy.33,34 LCBDE is limited by the need for specialized instru-
ments and training. LA-ERCP is ahybridprocedureused to access
the biliary tree in patients with Roux-en-Yanatomy. In LA-ERCP,
a gastrostomy is preformed in the excluded gastric remnant by
placing a laparoscopic trochar. Subsequently, an endoscope is
inserted through the trochar into the gastric remnant and an
ERCP is performed with standard technique. A 2012 review of
LA-ERCP found a papillary cannulation rate of 99%, and a
complication rate of 7.2%.35

Endoscopy
Endoscopy is capable of treating 90% of choledocholithiasis.36–40

Endoscopic sphincterotomy (ES) and endoscopic papillary bal-
loon dilation (EPBD), in conjunction with stone extraction, are
the primary treatment methods for choledocholithiasis.

ES utilizes electrocautery to sever the deep muscles of the
sphincter of Oddi, and the term is often used interchangeably
with papillotomy, which refers to severing the superficial
sphincter of the duodenal papilla. ES eliminates the primary
anatomic barrier to stone passage and aids stone extraction
techniques. Cholecystectomy usually follows ES to eliminate the
most common source of biliary stones. The short-term compli-
cation rate is approximately 5 to 10%, with the most common
complications being pancreatitis and bleeding.41 Long-term
complications include papillary stenosis, cholangitis, and recur-

rent choledocholithiasis.42,43 Chronic reflux of bowel contents
into thebiliary systemafter ES results in bacterial contamination
and low-grade inflammation, which may underpin the afore-
mentioned long-term complications.44

EPBD is an alternative procedure for the removal of biliary
stones in which the papilla is dilated without a sphincter-
otomy. This technique attempts to preserve sphincter func-
tion and mitigate complications compared with ES. In a
randomized trial, the success rate of EPBD (89%) was similar
to ES (91%); however, mechanical lithotripsy (ML)was used in
a greater proportion of EPBD procedures.25 EPBD decreases
risk of bleeding in the short term, and more importantly,
especially for younger patients, decreases long-term compli-
cations of ES.25,45 A disputed drawback of EPBD is a higher
rate of postprocedure pancreatitis compared with ES.

Stone extraction following ES or EPBD is commonly
achieved with balloons and baskets (►Fig. 1). These devices
are available in a variety of configurations to suit varying
stone burden and biliary tree anatomy.

Advanced Endoscopy
Endoscopy treatment may fail, due to difficult anatomy or a
difficult stone. Difficult anatomy is divided into difficulty in

Fig. 3 A 44-year-old woman with Roux-en-Y anatomy, due to bariatric
surgery, with symptomatic choledocholithiasis and failed endoscopic
retrograde cholangiopancreatography utilizing double-balloon tech-
nique. (a) Percutaneous cholangiogram, with sheath tip in the extra-
hepatic bile duct, shows postoperative changes of cholecystectomy,
with mild biliary ductal dilation and stone in the distal common bile
duct (arrow). (b) Balloon sphincteroplasty. (c) Fogarty balloon was
used to push stone into duodenum. (d) Delayed sheath cholangiogram
showing resolution of biliary ductal dilation and choledocholithiasis
with an intact percutaneous tract.

Fig. 2 A 91-year-old woman with Roux-en-Y anatomy and choledo-
cholithiasis complicated by acute cholangitis. (a) CT scan with oral and
intravenous contrast demonstrates stones in the extrahepatic bile duct
(arrows), including subtle distal stone, with marked biliary ductal
dilation. (b) Percutaneous placement of curved catheter into the
extrahepatic bile duct with limited cholangiogram showing dilated
intrahepatic and extrahepatic ducts with filling defects corresponding
to CT (arrows). (c) After sphincteroplasty, a Fogarty balloon was used
to push stones into the small bowel. (d) Follow-up CT scan with
resolution of filling defects and decreased biliary ductal dilation.
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cannulating the papilla and difficulty in reaching the papilla.
As the armamentarium of the endoscopist is shared with the
interventional radiologist, these treatment techniques are
briefly reviewed.

Difficulty in cannulating the papilla may be due to peri-
ampullarymasses, duodenal diverticula containing thepapilla,
choledochocele, or papillary stenosis. In these patients, treat-
ment with a rendezvous percutaneous-endoscopic procedure
is an option.46–49 A rendezvous procedure consists of attaining
percutaneous transhepatic biliary access and placing a guide-
wire through the CBD into the duodenum. The endoscopist
uses the guidewire to access and negotiate the difficult anato-
my, treating as necessary. The percutaneous biliary access is
typically removed at the conclusion of the procedure, abrogat-
ing the need for a management of a percutaneous biliary tract.

The difficult to reach papilla is most commonly due to
postsurgical Roux-en-Y or Billroth 2 anatomy, though it also
includes gastric outlet obstruction and duodenal stenosis.
Endoscopic treatment of the difficult to reach papilla utilizes
an over the balloon technique. This technique includes dou-
ble-balloon enteroscopy (DBE), single-balloon enteroscopy
(SBE), and spiral balloon enteroscopy (SE). DBE and SBEmake
use of sequential push–pull technique similar to the motion
of an inchworm. SE uses rotational motion, similar to a
corkscrew. The success rate of cannulating the papilla in a
Roux-en-Yor Billroth 2 reconstructionwith DBE is 77 to 100%
and 88 to 100%, respectively.50 The reported complication
rate of DBE ranges from 0 to 19.5%, with perforation being the
most common complication.51 A meta-analysis found SBE to
have a procedural success rate of 61.7%.52 SE, the newest
technique, was able to cannulate the papilla in 10 of 13 (71%)
patients with postsurgical anatomy.53

Treatment methods exist for the difficult stone, which is
variously defined as a biliary stone diameter larger than 12 mm,
or a stone diameter larger than the diameter of the CBD.54

Lithotripsy is the treatment mainstay for difficult stones.
Lithotripsy, or stone fragmentation, is a broad treatment

category, which includes intracorporeal and extracorporeal
modalities. The intracorporeal methods are ML, electrohydro-
static lithotripsy (EHL), and laser lithotripsy (LL). ML is a
commonly employed technique that utilizes a grasper, or
basket, to fracture stones. The success rate for biliary stone
clearance is 80 to 90%.55–57 EHL and LL are different mecha-
nisms by which a similar shockwave is generated to disinte-
grate a biliary stone. LL has a built-in-target feedback system,
making it theoretically safer. Studies on lithotripsy techniques
outside of ML are often heterogeneous in their trial arms,
making safety and effectiveness comparison difficult. Small
trials have found both EHL and LL to be approximately 90%
effective in clearing choledocholithiasis.58,59 Extracorporeal
lithotripsy has fallen out of favor, and it is used in problem-
solving applications, such as treatment refractory stones, or
difficult-to-reach intrahepatic stones.

Interventional Radiology

Percutaneous management of choledocholithiasis was first
undertaken in 1962 when Dr. Mondet extracted a retained

CBD stone through a T-tube using forceps.60 Dr. Burhenne
subsequently amassed a series of 661 patients inwhich stones
were extractedwith a Dormia basket and T-tube accesswith a
95% extraction rate.61 The first cases of transhepatic treat-
ment of choledocholithiasis were reported in 1979 by Dotter
et al and Perez et al.62,63 The use of percutaneously delivered
chemical agents, to dissolve gallstones, was initially seen as
promising, but has been nearly completely abandoned due to
ineffectiveness and safety concerns.64,65 Percutaneous treat-
ment of choledocholithiasis is accomplished by stone extrac-
tion or stone expulsion into the bowel.

Patient Selection
Indications for percutaneous treatment are prior therapy
failure, unfavorable anatomy, and stone burden (discussed
previously in section “Advanced Endoscopy”), along with
medically frail patients, who are deemed unfit for anesthesia,
or the complications of ERCP/surgery. Unlike endoscopy and
surgery, interventional radiology therapies are often admin-
istered with conscious sedation.

Hepatolithiasis, or bile stones within the intrahepatic
biliary tree, is a relative indication for percutaneous treat-
ment, as distal stones are difficult to treat endoscopically.66

Cheon et al retrospectively reviewed patients with hepatoli-
thiasis, undergoing treatment by percutaneous methods
(97 patients) and peroral cholangioscopy (49 patients). The
complete stone clearance rate was significantly higher in
percutaneous methods, compared with peroral methods
(63.9% vs. 57.1%, respectively, p ¼ 0.015).67

Few contraindications exist for percutaneous-based bili-
ary procedures. They include an uncorrectable coagulopathy,
especially for new transhepatic biliary access; lack of a safe
percutaneous window often due to intervening bowel; or
large volume ascites, which prevents percutaneous tract
maturation.

Access
Percutaneous access to the biliary tree is achieved by a variety
of methods—namely, T-tube, cholecystostomy tube, and
transcystic, along with transhepatic.46,48,68 The most com-
mon route of access hasmigrated from T-tube (1972–1979) to
transhepatic (1998–2013), as operative T-tubes are rarely
placed.61,69 Transcystic access is not preferred, as it neces-
sitates negotiating a possibly stone-filled gallbladder, and a
tortuous cystic duct, with spiral valves of Heister. With
transhepatic access,many authors recommend stone removal
in twophases.44,70–72 The initial phase is percutaneous biliary
drainage, to decompress the biliary tree and allow for tract
formation. Stone removal is attempted after tract maturation.

Percutaneous Treatment
Biliary stones are extracted or expelled into the bowel, with
the aid of biliary sphincter dilation (sphincteroplasty) and
lithotripsy (►Figs. 2 and 3). Percutaneous extraction of
stones requires a mature large bore tract, whereas ante-
grade expulsion typically requires a much smaller bore
tract. This tract is a T-tube site, or, now more commonly, a
transhepatic drain.
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Sphincteroplasty
Several retrospective studies describe the safety and efficacy
of sphincteroplasty and transpapillary elimination of bile
duct stones. Dilation of the papilla usually preserves its
function, based on manometric studies, thus preventing
chronic reflux of bowel contents into the biliary tree.44,73

Szulman et al reported a large series of 300 patients treated
for choledocholithiasis, utilizing primarily T-tube access.74

Papillary dilation was preformed with balloons 1 to 2 mm
larger than the largest stone with a maximum balloon
diameter of 20 mm, as stones ranged in size from 4 to
18 mm. Calculi were then pushed into the duodenum. Biliary
duct stone removal was successful in 96% of patients and
more than 80% of cases were completed in a single treatment
session. No major complication, including acute pancreatitis,
cholangitis, or bleeding, was encountered. The authors attri-
bute the lack of pancreatitis to the lack of pancreatic duct
cannulation and lack of stone fragmentation, together with
sphincteroplasty preformed over a guidewire, and the use of
external biliary drainage at procedure completion.

A prospective study of 212 consecutive patients describes
percutaneous expulsion of bile duct stones into the duodenum,
after balloon dilation of the papilla.72 Typically, stones were
pushed into the small bowel with a Fogarty-type occlusion
balloon; a small subset of patients required lithotripsy. Most
procedures were performed by transhepatic access. Technical
success in clearing the biliary tree of stones was 93%. Excessive
size of calculus was the most common cause of failure. Clinical
evidence ofmild pancreatitis was identified in 1.6% of patients,
which is less than expected rates with ERCP. Approximately 4%
of cases were complicated by major hemorrhage, with several
patients requiring transcatheter embolization.

The authors conclude that percutaneous antegrade elimi-
nation of stones in the biliary tree, with dilation of the papilla,
is an effective and safe technique, which maintains the
integrity of the sphincter.

Ozcan et al reported the effectiveness of percutaneous bile
duct stone removal utilizing a transhepatic approach in 261
symptomatic patients, who had failed or refused endoscopy.75

Complete clearance of bile duct stones was considered a
technical success, while reduction of symptoms was regarded
as a medical success. Balloon sphincterotomy, matching the
largest stone diameter, was preformed with balloons ranging
in size from 8 to 20 mm. Stones larger than 15 mm were
treated with ML. All stones or fragments were pushed into the
duodenum, with an over-the-wire Fogarty balloon. At proce-
dure completion, an external biliary drainage catheter was
placed for decompression and delayed cholangiogram assess-
ment of residual stones. Overall technical success was 95.7%;
yet it dropped to 61.5% in patientswith hepatolithiasis. Overall
medical success was 96.9%. Stone clearance was achieved in
one session in approximately 95% of cases. Major complication
rate was 6.8%, most commonly due to cholangitis, without
mention of pancreatitis.

Cholangioscopy
Cholangioscopy is the insertion of a small fiber optic endo-
scope to allow direct visualization of the biliary tree for

diagnostic and therapeutic indications. Advantages over
fluoroscopic guidance include lack of ionizing radiation
exposure and discrimination of noncalculous filling defects,
such as blood clots. Technical advancements in the form of
decreased scope diameter are associated with expanded
indications and decreased complications.70 With the aid of
direct visualization, the interventional radiologist can
employ the same techniques available to the endoscopist,
including EHL and LL.76–79

Hwang et al reported a large series of 645 patients treated
with percutaneous choledochoscopic stone removal utilizing a
T-tube in the majority of cases.80 Transhepatic access was
preferred in patients with oriental cholangiohepatitis. Large
stones were fragmented with Dormia baskets and EHL, and
then extracted through the percutaneous tract. Successful
stone extraction rates for both the T-tube and transhepatic
routes were high at 96 and 97%, respectively. Intrahepatic
stones were more challenging to remove, compared with
extrahepatic disease, and often required multiple treatment
sessions. Minor complications such as transient hemobilia,
fever, and pain were seen in 3 to 5% of cases and managed
conservatively. Arterial hemorrhage requiring embolization
occurred in 1.9% of the transhepatic cases during tract dilation.

Burton et al described a 71-patient series utilizing EHL for
the treatment of biliary stones by a predominate percutaneous
approach.79 A mature tract was required for the placement of
an 18F working sheath. EHL stone fragmentation was guided
by direct choledochoscopy and stone fragmentswere removed
via the sheath. Number of stones, and stone size, varied from
200 stones to a 40-mm size stone. A single treatment session
was sufficient in most patients. EHL successfully fragmented
stones in 97% of cases and all major stone fragments were
removed in 94% of cases. All major complications (7%) were
related to the initial biliary drainage, or tract dilation, rather
than the EHL component. The authors concluded that intra-
corporeal EHL is a safe and effective procedure that improves
the success of percutaneous and endoscopic biliary stone
removal. They also note several advantages of EHL, compared
with other forms of intracorporeal lithotripsy—inexpensive
equipment cost, availability as it is routinely used in urologic
stone removal, and its safety profile.

LL for complicated intra- or extrahepatic bile duct stones
was evaluated in a 22-patient cohort. Patients had failed ERCP,
or were not candidates for ERCP. A transhepatic approach,
with placement of a 9F vascular sheath into the biliary system,
allowed for ureteroscope and holmium laser fiber placement.
Biliary stones were fragment with direct visualization and
adjunct fluoroscopy. Fragmented stones were flushed
through the papilla into the duodenum. An internal–external
biliary catheter was left at the procedure completion. After a
delayed cholangiogram, demonstrating no residual stones,
transhepatic access was removed. In nearly 95% of cases, all
stones were fragmented and flushed into the small bowel,
with approximately 80% of cases completed in one treatment
session. No tract complications were encountered, likely due
to the relatively small working sheath size.

Cholangioscopy yields improved success rates for treat-
ment of intrahepatic stones. A study of 165 patients with
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intrahepatic stones were treated by percutaneous transhe-
patic cholangioscopy and lithotripsy with 5-year follow-up.81

Complete stone removal was achieved in 80% of cases, rep-
resenting an improvement over the aforementioned 61.5%
clearance rate, under fluoroscopic guidance. Recurrent intra-
hepatic stoneswere detected in 32.6% of patientswith amean
58-month follow-up.

Complications

Complications of percutaneous biliary stone procedures have
decreased with experience. In 1989, Stokes et al reported a
major complication rate of 17% with 4% mortality rate utiliz-
ing a transhepatic approach.82 Similarly in 1991, Bonnel et al
reported a major complication rate of 22% with 8% mortality
rate.83 In 2007, Oh et al analyzed complications of trans-
hepatic cholangioscopy.84 The overall major complication
rate had improved to 8.2% with no deaths. Modern sphincter-
oplasty series identify a 5% morbidity rate, including a small
risk of pancreatitis, and amortality rate of 1.4%.44,72 Although
ERCP is most commonly utilized to manage choledocholi-
thiasis, it carries an overall complication rate of 8 to 12%, with
a major complication rate similar to percutaneous thera-
py.25,26 Recurrence of choledocholithiasis varies upon etiolo-
gy, with high recurrence rates expected in hepatolithiasis
(22–50%).3

Conclusion

Choledocholithiasis is the presence of stones in the CBD,
typically from a gallbladder origin. The diagnosis of chole-
docholithiasis is confirmed with advanced imaging techni-
ques, including MRCP and ERCP. Endoscopy has replaced
surgery as the cornerstone of therapy, as it is successful in
treating most patients. Difficult stone burden and difficult
biliary anatomy (postoperative) require advanced surgical,
endoscopic, and percutaneous techniques to extract or expel
biliary stones. Percutaneous treatment of choledocholithiasis,
including the use of cholangioscopy, is safe and effective,
often with the preservation of the biliary sphincter, which
reduces long-term complications.
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