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Abstract

Peroral cholangioscopy using the mother-baby technique allows the direct visualization of the bile ducts
and enables the performance of targeted biopsies and the intraductal treatment of stones. Although the
technique has long been available, there is very little evidence-based literature. Due to the limited number
of indications and the time-consuming technique, it has only been available in tertiary referral centers. The
addition of peroral cholangioscopy to regular endoscopic retrograde cholangiopancreatography with brush
cytology is highly accurate in determining the origin of bile duct strictures or filling defects of unknown
origin. A second indication is the evaluation of cholangiocarcinoma in patients with dominant bile duct
strictures in primary sclerosing cholangitis. Furthermore, the intraductal treatment of complex biliary stones,
either with electrohydraulic or laser lithotripsy, is an established therapeutic application of peroral cholang-
ioscopy. Copyright © 2010 S. Karger AG, Basel

Cholangioscopy is the direct endoscopic visualization of the intra- and extrahepatic bile ducts.
This can be achieved using either a percutaneous transhepatic approach or a peroral approach
[1]. The first technique is performed by creating a bilio-cutaneous tract which is dilated step-
wise until the appropriate diameter for the cholangioscope is achieved. The latter technique is
achieved using the so-called ‘mother-baby technique’ A ‘mother’ scope, usually a regular duo-
denoscope is placed in the duodenum and a second ‘baby’ scope is advanced through the work-
ing channel of the duodenoscope into the common bile duct (CBD). The focus of this chapter
will be the peroral approach.

The first reports of direct peroral cholangioscopy already date back to the early years of endos-
copy [2]. Since then, the technique has not been widely adopted and has only been employed
in specialized centers. There are several reasons for this. First of all the technique is difficult,
time-consuming and, until recently, required 2 endoscopists trained in advanced endoscopic
retrograde cholangiopancreatography (ERCP). Second, the choledochoscopes used are fragile,
expensive and need frequent repairs. Third, the proper visualization of the bile ducts and per-
forming intraductal biopsies are cumbersome. Due to these limitations the range of indications
for the procedure have been limited.

The main diagnostic indications for performing cholangioscopy have been the evaluation
of biliary strictures of unknown origin and the evaluation of dominant bile duct strictures in
patients with primary sclerosing cholangitis (PSC). Furthermore, for therapeutic reasons,



cholangioscopy is being used to apply intraductal laser or electrohydraulic lithotripsy (EHL) of
complex intra- or extrahepatic bile duct stones [1].

Procedural Aspects

Patient Preparation

As for conventional ERCP procedures, patients should be kept on overnight fasting before the
procedure. Prophylactic antibiotics should be considered, given the chance of post-procedural
cholangitis due to extensive manipulation within the bile ducts. Since most of the procedures
are extensive and will include additional techniques next to the actual cholangioscopy, the pro-
cedure can be scheduled under general anesthesia. However, it can usually be performed under
conscious sedation using propofol, or a combination of midazolam with pethidine or fentanyl.
In the latter situation, a topical fluid anesthetic is usually administered in the throat. Patients are
placed in the supine position.

Instruments and Accessories
There are several dedicated choledochoscopes available (table 1). Most of these endoscopes can
be advanced through the working channel of a regular duodenoscope and have a small working
channel (usually 1.2 mm in diameter). Most of them are steerable in two directions with a limited
angle. The endoscopic images of the video endoscopes are superior to the choledochoscopes with
fiber optics, but these video endoscopes tend to be more fragile and need frequent repairs. Recently
Boston Scientific introduced the Spyglass cholangioscopy system (fig. 1) [3]. This system consists
of a four-way steerable endoscope through which an optical fiber can be advanced. The advantage
of this system is the fact that it is disposable. The endoscope is for single-use only, while the optical
fiber can be used up to 20 times. Another advantage of the Spyglass system is the fact that it can be
performed by a single operator, while for the other choledochoscopes, 2 skilled endoscopists are
needed. However, the quality of the images is inferior to that of the video choledochoscopes.
Three monitors are needed: one for the fluoroscopic images, one for the regular ERCP images,
and one for the actual cholangioscopy. We use an automatic irrigation pump with a footswitch
which can be attached to the working channel of the cholangioscope to flush the bile ducts with
sterile saline to ensure good visibility. Since there is no possibility of suction, we use a 10-ml vial
for vacuum suction on the working channel when debris is perturbing visibility. Before we start we
preferably go through all the steps of the procedure with the assisting endoscopy nurses and make
sure that all equipment that is expected to be necessary is available within the endoscopy suite.

Technique

The procedure starts as a regular ERCP with selective cannulation of the CBD. Cholangiography
is then performed. Although it is not absolutely necessary, a sphincterotomy is usually performed,
which facilitates the introduction of the choledochoscope and subsequent therapeutic accesso-
ries. If the indication for the procedure is the analysis of bile duct strictures of unknown origin
or strictures in PSC, one should try to avoid the passage of catheters or sphincterotomes through
the stenosis before the introduction of the choledochoscope, because this can cause damage to
the epithelium and severely hamper the endoscopic evaluation of the origin of the lesion. A long
guidewire (e.g. 450-cm Jagwire) is left in the biliary tree. The cholangioscope is then advanced
over the guidewire through the working channel of the duodenoscope. One of the most difficult
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Table 1. Commercially available peroral cholangioscopes

Manufacturer Type Diameter Working channel Type
mm mm
Olympus CHF-B20 45 1.7 Fiber
CHF-B30 34 1.2 Fiber
CHF-B160 3.1 1.2 Video
CHF-B260 3.1 1.2 Video
Pentax FCP-8P 2.8 0.75 Fiber
FCP-9P 3.1 1.2 Fiber
Boston Scientific Spyglass 33 1.2 Fiber
Clinical Supply Ltd Optiscope 2.1 - Fiber
Polydiagnost ERCP-Scope 3.0 1.2/1.6 Fiber
Medisecur 3D-Microendoscope 3.0 1.2 Fiber

parts of the procedure is the introduction of the choledochoscope into the CBD. One should try
to avoid the use of the elevator at the distal end of the duodenoscope, since too much flexion can
cause severe damage to the choledochoscope or break the optical fibers. It is usually best to align
the choledochoscope as much as possible with the CBD and advance the scope slowly into the
CBD under fluoroscopic control. Once the choledochoscope is within the CBD the guidewire
can be removed and the flushing catheter can be attached to the working channel of the cho-
langioscope. The guidewire can later be reintroduced to cannulate specific segments of the liver
and to advance the cholangioscope into the intrahepatic ducts. One should try to avoid flushing
when the cholangioscope is in a ‘wedge’ position in the intrahepatic bile ducts.

Evaluation of Biliary Strictures

One of the most important indications for cholangioscopy is the evaluation of biliary stric-
tures of unknown origin or dominant bile duct strictures in PSC with suspicion of a developing
cholangiocarcinoma [4, 5]. Most patients will be referred from other centers where a previous
ERCP has usually been performed and a biliary stent is already inserted. After removal the
endoprosthesis should be sent for cytological examination. Following insertion of the cholang-
ioscope one could additionally obtain bile for cytology, although the diagnostic yield is limited.
We start with the endoscopic evaluation of the stricture and get an impression whether the
stenosis has a benign, fibrotic appearance (fig. 2) or an irregular vulnerable malignant appear-
ance (fig. 3). One of the best endoscopic discriminating features for malignancy is the presence
of neovascularization [6]. One has to bear in mind that endoscopic evaluation of a stricture can
be difficult after stent removal or scope passage as the epithelium is usually damaged and can
mimic an exophytically growing cholangiocarcinoma. Small caliber biopsy forceps are available
that can be advanced through the working channel of the cholangioscope. Biopsies can there-
fore be obtained under direct visual control. Due to the acute angulation of the cholangioscope
at the tip of the duodenoscope it is sometimes difficult or impossible to advance the biopsy
forceps. A maneuver to overcome this is to withdraw the cholangioscope several centimeters,
advance the biopsy forceps until it cannot be advanced any further due to the angulation, and
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Fig. 1. The disposable Spyglass® peroral cholangioscopy system consisting of a disposable four-way steer-
able endoscope which can be attached to a regular duodenoscope (a) and a multi-usable fiber optic (b)
which is advanced through a dedicated channel of the endoscope. Separate working channels are available
for flushing and the introduction of instruments (c). Reproduced with permission from Boston Scientific,
Natick, Mass., USA.

then readvance the cholangioscope again with the biopsy forceps in situ. Usually, it is then
possible to advance the biopsy forceps easily into the bile duct. We perform 4-6 biopsies of
suspected biliary strictures. After removal of the cholangioscope we also perform brush cytol-
ogy. It is important to discuss the clinical background, origin of the biopsies and brush cytology
with the pathologist to ensure optimal interpretation. Afterwards the ERCP with, e.g., dilation
of the stricture and/or the placement of an endoprothesis if necessary should be finished in a
regular manner.

Intraductal Lithotripsy of Complex Biliary Stones

The intraductal treatment of complex biliary stones is an established therapeutic application of
peroral cholangioscopy [7]. The most often used techniques are lithotripsy through EHL or laser
lithotripsy. Additionally, in order to prevent accidental tissue damage of the bile duct, a stone-
detection system was developed, allowing ‘blind’ laser fragmentation under fluoroscopic control
[8].

EHL is established through the underwater discharge of 18,000 V leading to a spark gap and
subsequent plasma formation. Plasma expansion induces a shockwave which can be used for
stone disintegration [9]. In urology EHL has been used for the fragmentation of urinary stones,
but due to the potentially severe complications, it has mostly been replaced by laser lithotripsy.
Bile duct perforations have also been described during treatment of biliary stones [10].
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Fig.2. Benign stricture of the common bile ductin a patient with primary sclerosing cholangitis. Fluoroscopic
image (a) and cholangioscopic image (b) revealing a stricture with a fibrotic non-malignant endoscopic
appearance. Fig. 3. Malignant stricture of the common bile duct in a patient with primary sclerosing cho-
langitis. Fluoroscopic image (a) and cholangioscopic image (b) revealing a stricture with an irregular, vulner-
able surface with neovascularization.

We use a holmium:yttrium aluminum garnet (Ho:YAG laser) Versapulse Power Suite (Lumenis
Inc. Santa Clara, Calif., USA) which is extensively used by urologists to treat urinary stones, ure-
thral strictures or even enucleation of the prostate [11]. The Ho:YAG laser has been proven to be
an effective and safe treatment modality for all types of urinary calculi and has also been used to
treat biliary calculi. The laser delivers pulsed energy through a small quartz fiber, which is intro-
duced in the bile duct through the working channel of the cholangioscope allowing direct visual
control (fig. 4). It is capable of fragmenting stones of mixed cholesterol and calcium bilirubinate
composition and mixed bile pigments [12, 13]. The laser can be applied through fibers of various
diameters. We use a 250- or 365-pum fiber allowing sufficient flexibility to move the endoscope.
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Fig. 4. Peroral cholangioscopic-guided intra-
ductal laser lithotripsy. Fluoroscopic image with
a large stone in the common bile duct (a).
Cholangioscopic image showing the stone and
the laser fiber (b). Fluoroscopic image after suc-
cessful treatment (c).

Lithotripsy is established by the laser which creates a vaporization bubble in the surrounding
water. Due to the difference in impedance, this vaporization bubble generates a shockwave at the
boundary between the water and stone leading to stone fragmentation. The laser beam should
be applied in close range to the stone (0.5 mm) and at a straight angle in order to be effective.
This can be quite difficult to achieve, not only because of poor vision but also because of poor
maneuverability of the cholangioscope once inside the bile duct. The required irrigation of the
bile duct, necessary for clearance of debris and to provide a medium to transfer laser energy to
the stone, is established by infusion of a saline solution through a 3-way lock attached to the
proximal end of the cholangioscope working channel or through the flushing channel of the
Spyglass endoscope. The calculi are fragmented with a laser frequency of 5-10 Hz and energy of
0.5-1.0 J. Fragments are then removed by conventional endoscopic methods, i.e. with a basket or
extraction balloon. At the end of the procedure a nasobiliary drain can be inserted for additional
irrigation of retained debris.
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Limitations and Complications

There are several limitations to the use of peroral cholangioscopy, which have already been
described at the start of the chapter, namely the difficult and time-consuming technique, the
fragility of the choledochoscopes and the still cumbersome proper visualization of the bile ducts.
In combination with the limited indications, the procedure is available only in a few specialized
tertiary referral centers. Furthermore the quality of the biopsies obtained cholangioscopically is
poor and remains a challenge for the pathologist.

The complications of the procedure are similar to that of regular ERCPs. Although there is no
evidence in the literature, transient bacteremia with fever might be observed after the procedure
more often than after regular ERCP due to extensive irrigation and manipulation of the bile
ducts. This is usually successfully treated with prolonged administration of antibiotics. Epithelial
damage and even perforation of the bile duct is a severe complication of intraductal laser litho-
tripsy or EHL. Further post-procedural care is similar to that of conventional ERCP.

Outcomes

Although the technique of peroral cholangioscopy has been available for some time, there is
very little evidence-based literature and most data are presented as case reports or case series.
Therefore when the diagnostic and therapeutic accuracy of peroral cholangioscopy is presented,
one should consider the small number of cases, the lack of control groups, and the limited data
on clinical outcome.

Peroral cholangioscopy can aid in determining the origin of bile duct strictures or filling
defects. The two largest series from Japan and the USA that have been published show that the
addition of peroral cholangioscopy to regular ERCP with brush cytology improves diagnostic
ability and is highly accurate in diagnosing pancreaticobiliary malignancy [4, 14]. The first study
evaluated 97 patients with indeterminate biliary strictures (n = 76) and filling defects (n = 21).
The final diagnosis was obtained from the surgical resection specimens or clinical follow-up. In
the group with indeterminate strictures, peroral cholangioscopy correctly identified all 38 malig-
nant strictures and 35 of the 38 benign strictures. For the 21 patients with filling defects of the
bile ducts, cholangioscopy diagnosed all 8 malignant lesions and 13 benign lesions [14]. In the
second study 72 examinations were performed in 62 patients with pancreaticobiliary pathology
suspicious for malignancy with inconclusive previous studies. Cholangioscopy with and without
biopsies detected 16 of 18 patients with a final diagnosis of malignancy. Both missed cancers
were intrahepatic cholangiocarcinomas. The positive predictive value in this study was 89% and
the negative predictive value 96% [4]. The administration of methylene blue has been reported
to be helpful in distinguishing malignant or benign lesions in the bile duct [15].

Another indication for peroral cholangioscopy is the evaluation of dominant bile strictures
in patients with PSC. The incidence of cholangiocarcinoma is increased in PSC and this is fre-
quently difficult to diagnose. ERCP with brush cytology and/or fluoroscopic-guided biopsies
in combination with tumor markers such as CA19-9 and carcinoembryonic antigen yield vari-
able results [16, 17]. Cholangioscopy might have two advantages in the setting of PSC. First, it
enables performing targeted biopsies under direct visual control and direct endoscopic evalua-
tion of the stricture (fig. 2, 3). One study showed that cholangioscopy was significantly superior
to ERCP in detecting malignant bile duct strictures in 12 of 53 PSC patients [18]. A second case
series showed that cholangioscopic tissue sampling yielded adequate biopsies but the diagnosis
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of cholangiocarcinoma remained challenging [5]. Second, it detected biliary stones and casts
that were not seen in up to one third of patients on regular cholangiography and the subsequent
treatment of these stones resulted in clinical improvement [5].

The management of complex biliary tract calculi when standard endoscopic therapy fails, is
challenging. Endoscopic procedures with mechanical lithotripsy fail in 5-10% because of the
large size or the number of calculi [19]. For these patients different treatment modalities are
available, such as laparotomic and laparoscopic choledochotomy with stone extraction, extra-
corporeal shockwave lithotripsy (ESWL) or percutaneous or peroral cholangioscopy with intra-
ductal lithotripsy [9].

The intraductal treatment of complex biliary stones either with electrohydraulic or laser lith-
otripsy is an established therapeutic application of peroral cholangioscopy [7]. There have been
2 randomized studies comparing intraductal laser lithotripsy with ESWL for complex bile duct
stones. Both studies used laser systems with an integrated stone detection system that can be
used under fluoroscopic control and does not need direct cholangioscopic visualization of the
stone. Both studies showed that the intraductal laser lithotripsy was more effective than ESWL
regarding bile duct clearance and treatment duration [20, 21]. Case series have shown good
results for the intraductal treatment of complex bile duct stones with both the Ho:YAG laser and
EHL [22, 23].

Conclusions

Peroral cholangioscopy using the mother-baby technique allows direct visualization of the
bile ducts and enables the performance of targeted biopsies and the intraductal treatment of
stones. Although the technique has been available for some time, there is very little evidence-
based literature. Due to the limited number of indications and the time-consuming technique,
it is only available in tertiary referral centers. With the availability of new single-operator
cholangioscopy systems, it is becoming more widespread. The addition of peroral cholangios-
copy to regular ERCP with brush cytology is highly accurate in determining the origin of bile
duct strictures or filling defects of unknown origin. A second indication is the evaluation of
cholangiocarcinoma in patients with dominant bile duct strictures in PSC. Furthermore, the
intraductal treatment of complex biliary stones either with electrohydraulic or laser lithotripsy
is an established therapeutic application of peroral cholangioscopy.
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