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Abstract
Standard endoscopic techniques of sphincterotomy combined with Dormia basket and/or balloon catheteriza-
tion can manage 85-90% of the gallstones found obstructing bile ducts. However, when there are several large 
calculi, when a stone is in an unusual location, or when there are anatomic abnormalities of the bile duct, they 
become refractory to standard management. Other therapeutic modalities become essential for management 
of these gallstones. Large or impacted calculi are generally handled with fragmentation techniques such as 
mechanical lithotripsy. When this fails, electrohydraulic lithotripsy (LEH) or laser lithotripsy (LL) guided by 
conventional cholangioscopy are usually resorted to. More recently, a system of direct cholangioscopy called 
Spyglass has been introduced. Endoscopic papillary dilation with a large balloon has also proven useful for 
management of large and multiple calculi. In cases with altered anatomy that makes access to the papilla diffi-
cult, the preferred technique is a transhepatic approach combined with percutaneous fragmentation. In elderly 
patients whose overall condition is poor, the placement of a biliary stent is the definite choice of technique 
because it can improve the patient’s condition to make possible further endoscopic therapy.
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Case report

INTRODUCTION

Calculi of the common bile duct are present in 7% to 12% 
of patients who undergo cholecystectomies because of 
symptomatic cholelithiasis (1). Currently, endoscopic 
sphincterotomy is the standard method for handling cal-
culi of the bile duct. It is effective in 85% to 90% of cases 
(2), but for approximately 10% to 15% of patients it is 
not possible to remove the calculi using this method (3). 
Failure to remove stones from the bile duct causes biliary 
obstruction, cholangitis and pancreatitis with consequent 
increases in morbidity and mortality rates (4).

This paper presents a series of cases and then discusses 
endoscopic management options for treating difficult cal-
culi in bile ducts. 

PRESENTATION OF CASES

Case 1

A 62 year old man was admitted to the hospital with abdo-
minal cramping pain associated with jaundice, dark urine 
and acholia. He had had a major open cholecystectomy 
25 years earlier. Laboratory test results showed cholestatic 
jaundice and normal blood counts, but ultrasound showed 
dilated intrahepatic bile ducts. An ERCP found that the 
distal common bile duct was normal, but the proximal bile 
duct was dilated by calculi  ranging from 20 mm to 25mm. 
Figure 1 shows ERCP with large stones and bile duct mea-
suring only 5mm. Given the disproportionate size of the 
calculi in relation to the diameter of the distal bile duct, 
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Figure 3. The cholangioscope shows a stone occupying the entire ope-
ning in the bile duct. The laser probe (green dot) can be seen impacting 
the calculus in the lower part of the image.

Figure 4. A large stone can be seen in the gall bladder and four stones, 
each measuring  3 cm to 4 cm across can be seen in the common bile 
duct (arrows).

Figure 1. The distal common bile duct measures only 5mm but is mar-
kedly dilated at the proximal end by a giant stone.

Figure 2. The cholangioscope shows a large stone filling the proximal 
bile duct.

basket extraction and mechanical lithotripsy were ruled 
out and Spyglass cholangioscopy was performed. Figure 2 
shows an image of the calculi taken with the cholangios-
cope. Figure 3 shows the laser probe impacting the calculi. 
Complete resolution of the case was achieved.

Case 2

A 51 year old patient had suffered abdominal pain associated 
with jaundice, fever and chills for eight days. After the pain 

had intensified for 24 hours, the patient was diagnosed with 
cholangitis and subsequently underwent ERCP which found 
giant stones. Figure 4 shows calculi that measure more than 
4 cm across and filled the entire bile duct. There was abun-
dant purulent discharge which, combined with the patient’s 
poor condition, required placement of a stent for drainage. 
Ten days later, a Spyglass cholangioscope was used to perform 
laser lithotripsy. Figure 5 shows calculi seen through the cho-
langioscope. Figure 6 shows the laser probe (green dot) which 
was placed one mm from the calculus and then activated.
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Case 3

A 62 year old woman who had had a cholecystectomy four 
years earlier was admitted to the hospital with abdominal 
pain and fever. Laboratory tests showed leukocytosis and 
elevated liver function tests. Ultrasound showed dilatation 
of the proximal bile duct and the possibility of choledo-
cholithiasis. An ERCP revealed evidence cholangitis and 
a large stone on the stump of a cyst. Several stones were 
removed from the bile duct, but it was not initially possible 
to remove the stone embedded in the cyst. Consequently, 
a stent was placed and a subsequent procedure removed it 
with a Dormia basket and fragmentation with a lithotripter 
(Figura 7).

Definition Of Difficult Calculi Of The Bile Duct

Several factors can make it difficult to remove bile duct 
stones endoscopically. They can be classified into the 
following categories:
1. Anatomical difficulties accessing the bile duct. These 

include periampullary diverticula, sigmoid shaped 
bile ducts, thin distal bile ducts as in our first case, and 
difficulties resulting from Billroth II gastrectomies and 
Roux en Y gastrojejunostomies.

2. Multiple calculi
3. Large stone sizes (diameters more than 15 mm, as in 

Case 2) 

4. Unusual shape of calculus, for example barrel-shaped 
5. Difficult stone locations such as intrahepatic, cysts as in 

Case 3, and proximal to a stenosis (5) 
6. Mirizzi syndrome in which stones in a cyst cause obs-

truction of the common bile duct (6)

Figure 5. A cholangioscopic view of a giant calculus (arrow). Figure 6. The laser probe impacting a calculus can be seen in the upper 
left of the image. The stone cannot be seen very well because of the gas 
released by the impact of the laser on the calculus.

Figure 7. Calculus in the stump of a cyst caught with a Dormia basket 
and performance of  mechanical lithotripsy.
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A prospective study by Kim et al. has found that bile ducts 
that distances less than 36 mm from the distal branch of 
the common bile duct and distal bile duct angulation ≤ 135 
degrees were the factors that contributed most to the diffi-
culty of endoscopic removal of calculi from the common 
bile duct (7).

MANAGING DIFFICULT CALCULI IN THE BILE DUCT

Usually, calculi that are less than 10 mm in diameter can be 
removed by endoscopic sphincterotomy. However, the suc-
cess rate decreases as the size of the calculi increases (8). 
Calculi that are more than 2 cm in diameter usually need 
to be fragmented before being removed to avoid becoming 
embedded (9). Among the techniques for fragmentation of 
calculi, mechanical lithotripsy (ML) is the most frequently 
used since it is simple, cost effective, and readily available. 
Success rates reported for clearing calculi with this tech-
nique range from 84% to 98% (10-13). Nevertheless, this 
technique may not work for stones larger than 3 cm (13). 
A prospective study by Garg et al. has concluded that the 
most important factor for predicting the success of ML 
is whether or not a calculus is impacted in the bile duct. 
The failure rate of ML for impacted calculi was 66.6% (P 
<0.001) (14). The complication rate reported for ML is 
3.6% (15), the most frequently reported complications are 
impaction and broken Dormia cage wires.

Various procedures can be used in cases that are refrac-
tory to ML (Figure 8). Extracorporeal shock wave litho-
tripsy (ESWL) can be used regardless of the size of the 

stone, and this technique can be helpful in patients with 
anatomical abnormalities such as those resulting from 
Billroth II gastrectomies and Roux en Y gastrojejunos-
tomies. Studies using ESWL for handling difficult calculi 
report success rates of 73% to 96% for fragmentation and 
complete removal of calculi (16-23).

Electrohydraulic lithotripsy (EHL) is a technique that 
can be performed under fluoroscopic guidance or under 
direct cholangioscopic view (24). When fluoroscopic 
guidance is used, the two dimensional image hinders the 
correct positioning of the probe with the ensuing risks of 
perforating the wall of the bile duct. Consequently, direct 
visualization with mother-baby cholangioscopy is pre-
ferred (25). An ultra-slim cholangioscope (the baby) is 
inserted through the working channel of the duodenos-
cope (the mother). Success rates with this technique range 
from 85% to 98% with complication rates from 2% to 9%. 
Complications include mild hemobilia, cholangitis and 
pancreatitis. Perforation of the bile duct has been reported 
in less than 1% of patients (26-30). Studies of per oral cho-
langioscopy and laser lithotripsy (LL) have shown a 92% 
success rate for fragmenting biliary calculi. Hemobilia and 
cholangitis occurred in 7% of patients (31-33). A prospec-
tive randomized study by Neuhaus et al. compared ESWL 
and LL guided by per oral cholangioscopy in patients with 
difficult bile duct calculi. It found that laser lithotripsy was 
more effective than ESWL in terms of clearance of calculi 
(97% vs. 73%, P <0.05) and duration of treatment (0.9 ± 
2.3 days vs. 3.9 ± 3.5 days P <0.001) (20). In the United 
States, most medical centers prefer to use laser lithotripsy 

Figure 8. Flowchart proposed for the management of difficult biliary calculi. EHL: electrohydraulic lithotripsy; LL: laser lithotripsy; ML: mechanical 
lithotripsy; ESWL: extracorporeal shock wave lithotripsy; EPLBD: endoscopic papillary large balloon dilation; ES: endoscopic sphincterotomy; 
POC: per oral cholangioscopy; PTHC: percutaneous transhepatic cholangioscopy. Adapted from Recent advances in endoscopic management of 
difficult bile duct stones, Digestive Endoscopy 2013; 25: 376-385
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MANAGEMENT OF IMPACTED STONES INCLUDING IN 
MIRIZZI SYNDROME

Managing impacted stones with standard endoscopic tech-
nique is usually unsuccessful due to the difficulty of cap-
turing the stone with the Dormia bucket and of advancing 
the guide through the site of impaction. Consequently, 
fragmentation techniques such as ESWL or LL, or EHL 
through per oral cholangioscopy can be very useful.

Binmoeller et al. reported 100% success using per oral 
cholangioscopy guided EHL to achieve complete clearance 
of the biliary tract in 14 patients who had Mirizzi syndrome 
(54). Benninger et al. used ESWL patients to achieve com-
plete ductal clearance in 83% of six patients with Mirizzi 
Syndrome (55). In contrast, England and Martin reported 
a series of 25 patients with Mirizzi syndrome who were 
managed with endoscopic ML, stenting and/or ESWL 
(56). Endoscopic therapy was successful for full ductal 
clearance in only 56% of the patients. Of these, 48% requi-
red subsequent surgical treatment and 28% required mana-
gement with long-term biliary stents.

Tsuyuguchi et al (57) used the EHL/LL technique gui-
ded by per oral cholangioscopy to treat 122 patients with 
difficult bile duct calculi. Of these, 53 patients had Mirizzi 
syndrome, 50 had impacted stones, and 19 had large sto-
nes. They reported 96% success in removal of stones from 
patients with Mirizzi syndrome, and 100% success in remo-
val of impacted stones and large stones.

With these data we can conclude that a strategy mana-
gement to manage these cases is to use ESWL for calculi 
that measure about 2 cm, but to use the LL/EHL technique 
guided by per oral cholangioscopy for patients with impac-
ted stones, including those with Mirizzi syndrome, and for 
patients with larger calculi.

MANAGEMENT OF INTRAHEPATIC CALCULI

Transpapillary endoscopic removal of intrahepatic calculi 
poses a challenge because patients may have distal bile duct 
stenosis with impacted calculi or they may have angulation 
of the hilar or intrahepatic bile duct. Surgical resection of 
the affected hepatic segment has been the most widely 
used therapy because long-term intrahepatic stones may 
lead to intrahepatic cholangiocarcinoma and because 
calculi often recur after non-surgical treatment (58). The 
LL/EHL technique guided by percutaneous transhepatic 
cholangioscopy offers an alternative therapy when surgical 
resection is not possible because of the general condition of 

or electrohydraulic lithotripsy guided by cholangioscopy 
to manage of biliary stones, so ESWL is rarely used there. 

Recently, a new per oral cholangioscopy system called 
Spyglass has been developed. It overcomes some of the limi-
tations of conventional mother-baby cholangioscopy system. 
The new system can be operated by a single endoscopist, 
allows 4-way directionality, and provides an independent 
irrigation channel that maintains a clear field for the cholan-
gioscope during the procedure. Several studies have reported 
a ductal clearance with LL or EHL through Spyglass in 73% 
to 91% of patients with gallstones for whom conventional 
endoscopic therapy was unsuccessful (34-38).

Another option for treating difficult calculi is the techni-
que called endoscopic papillary large balloon dilation. This 
technique involves dilating the biliary orifice using a larger 
diameter (12-20 mm) balloon and then removing the sto-
nes. Ersoz et al. used this technique in 58 patients for whom 
conventional endoscopic treatment had been unsuccessful 
(39). It was possible to remove stones in 88% of these 
patients. ML was required by 7% of the patients, and minor 
complications such as cholangitis, pancreatitis and mild 
bleeding that did not require surgery occurred in 16% of 
cases. Subsequent studies of combinations of endoscopic 
papillary large balloon dilation and standard endoscopic 
sphincterotomy have reported success rates between 94% 
and 100%, complication rates from 0% to 17%. ML was 
required in 0% to 33% of cases. This technique can reduce 
the need for ML and minimize adverse events associated 
with lithotripsy (39-51).

For older patients and patients who have multiple 
comorbidities, endoscopic and surgical procedures pose 
high risks. For these patients, a biliary stent can be used for 
interim management without removing the calculus until 
conditions improve (52). The use of stenting for biliary 
drainage is also mandatory if ERCP cannot clean the entire 
bile duct and when a second ERCP session is required. 
Some studies have also reported a reduction of 60% in the 
size of gallstones after a stent has been in place for one or 
two years (52).

A study of 28 elderly patients with biliary calculi refrac-
tory to conventional endoscopic management found that 
placement of a biliary stent combined with oral ursodeoxy-
cholic acid for 6 months led to significant reductions in the 
sizes of stones (53). After this treatment, calculi were remo-
ved endoscopically from 26 of the 28 patients using an ave-
rage of 1.7 ERCP procedures per patient. This combination 
therapy can be useful for patients with multiple comorbidi-
ties who are intolerant of long endoscopic treatments.
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the patient or because of stones in multiple duct segments. 
Complete clearance rates of 80% to 85% have been repor-
ted in several studies with complication rates of 0% to 2.1%. 
Complications have included liver lacerations, intra-abdo-
minal abscesses, and septic shock hemobilia. Calculi and/
or cholangitis recurred in 35% to 63% of these patients (59-
62). After the removal of calculi with this technique, you 
must leave a catheter to create a transhepatic percutaneous 
tract (63). Although this technique is the only alternative 
to surgery for the removal of intrahepatic stones, it is inva-
sive, lengthy and painful.

MANAGEMENT OF PATIENTS WITH SURGICALLY 
ALTERED ANATOMY

Endoscopic access for ERCP in patients who have had gas-
trectomies is a challenge. Success depends on the type of 
reconstruction. In patients with Billroth I reconstruction, 
a conventional duodenoscope can reach the papilla which 
makes ERCP possible. For those with Billroth II recons-
truction, the papilla must be reached through an afferent 
loop. The length of the afferent loop varies according to the 
type of gastrojejunostomy. The afferent loop is short after 
a retrocolic gastrojejunostomy, so the papilla can be rea-
ched with a conventional duodenoscope or a frontal view 
gastroscope. But after an antecolic gastrojejunostomy, the 
afferent loop is long and the papilla cannot be reached with 
conventional equipment. The same applies to Roux-en-Y 
anastomoses (64). For these patients, the management 
options are performance of percutaneous transhepatic or 
surgical intervention. Laser lithotripsy and electrohydrau-
lic lithotripsy guided by percutaneous transhepatic cho-
langioscopy are alternatives to surgery (65-68), but they 
have the limitations mentioned above. In addition, this 
approach is technically impossible if the bile duct is not 
dilated. Another option is ERCP with enteroscopy, but in 
our country it is very difficult to obtain ERCP accessories 
for enteroscopes. The most frequently used option is the 
combination of a laparoscopic approach plus percutaneous 
passage of a duodenoscope through the stomach to allow 
access to the major duodenal papilla.
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