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Percutaneous Transhepatic Cholangioscopy:

Does Its Role Still Exist?

Joon Hyuk Choi and Sung Koo Lee
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Percutaneous transhepatic cholangioscopy (PTCS) is the most widely used modality for diagnosis and treatment of biliary disease. Al-
though many other novel technologies have been developed based on recent advances in endoscopy, PTCS has its own role. In diagnos-
tics, PTCS is used for evaluation of indeterminate biliary strictures, bile duct tumors, and postoperative biliary strictures that cannot be
reached by a peroral approach. In therapeutics, the removal of bile duct stones, dilatation of bile duct strictures including postoperative
anastomosis site strictures, and local tumor therapy are indications of PTCS. Especially in a therapeutic role, PTCS has the advantage of
maneuverability due to a shorter endoscopic length compared to other cholangioscopic modalities. Hence, PTCS has its own indispens-

able diagnostic and therapeutic roles.
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INTRODUCTION

Direct visualization of the biliary system has advantages for
the identification and treatment of intraductal lesions com-
pared to indirect imaging of endoscopic retrograde cholangi-
opancreatography (ERCP). Intraductal endoscopy for the bili-
ary system has been used since the initial practice of biliary
surgery. The first optical choledochoscopy equipped with a
lens, a distal light source, and a rinsing device was described
in 1941 by Mclver,' and intraoperative cholangioscopy was
successfully utilized in the 1960s by several groups. After
then, modern concepts of peroral cholangioscopy (POCS)
and percutaneous transhepatic cholangioscopy (PTCS) were
introduced in the mid-1970s. PTCS has been the most widely
used modality for diagnosis and treatment of biliary disease
since it was first described by Takada et al.*in 1974. Although
it has limitations, such as the complexity of preparation before
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the procedure, the invasiveness of the procedure itself, and
the need for a well-trained team of endoscopist, radiologist,
and technician, PTCS has its own diagnostic and therapeutic
roles (Table 1).% In this review, we will discuss the role of PT-
CS for management of various biliary diseases.

DIAGNOSTIC ROLES OF PTCS

PTCS is usually used for patients who are not able to toler-
ate a peroral endoscopic procedure due to cardiopulmonary
problems and have altered gastrointestinal anatomy due to a
previous operation. In addition to structural considerations,
PTCS can provide high quality images of the biliary system
and help to make a more accurate diagnosis in some cases.

Biliary stricture

Accurate diagnosis of a biliary stricture is essential, as the
choice of an appropriate treatment modality depends on whe-
ther the stricture is benign or malignant. Especially in Far
East Asia where there is a high incidence of hepatolithiasis
and benign biliary stricture, a clinical decision for differentiat-
ing benign and malignant biliary stricture is frequently enco-
untered. A mainstay of diagnosing biliary strictures is tissue
sampling with ERCP. Conventional tissue sampling methods
with ERCP include brush cytology and fluoroscopically guid-
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ed endobiliary biopsy. Although these methods are simple
and safe,’ the problem is low diagnostic yield. The sensitivity
of brush cytology for malignant biliary stricture ranges from
only 30% to 57%"¢ and that of endobiliary biopsy from 43%
to 65%.%” For overcoming this limitation, several studies have
tried and shown that combining several techniques for ob-
taining tissue samples from a biliary stricture at ERCP im-
proved the diagnostic yield of biliary malignancy. Jailwala et
al.® reported that combinations of tissue sampling techniques
had a higher diagnostic yield than that of any single modality
for evaluating patients with suspected malignant biliary stric-

Table 1. The Diagnostic and Therapeutic Roles of Percutaneous
Transhepatic Cholangioscopy?®

Diagnostic Therapeutic
Indeterminate biliary stricture Removal of biliary stone
Far distal common bile duct Extrahepatic duct stone
stricture Intrahepatic duct stone
Hilar stricture Gallbladder stone®

Intrahepatic duct stricture Treatment of biliary stricture
Indeterminate biliary filling defect Removal of foreign body

Bile duct tumor Local therapy for biliary lesion

Biliary cyst Argon plasma coagulation
Bile duct ischemia Photodynamic therapy
Hemobilia Ethanol injection

Ductal involvement of ampullary
adenoma/cancer

Stricture of bilioenteric
anastomosis

Postoperative tumor recurrence

Inspection of sphincter of Oddi

“Performed with percutaneous cholecystoscopy.

tures. In their series of 133 patients with biliary strictures, the
cumulative sensitivity of triple-tissue sampling—the combi-
nation of brush cytology, endoluminal fine needle aspiration,
and endobiliary biopsy—improved to 77% compared to that
of single tissue sampling. However, their low negative predic-
tive value of 44% for malignant biliary strictures remains a li-
mitation of conventional tissue sampling with ERCP, and this
means that cytopathologic results obtained in one session of
ERCP are unreliable. This problem would be inevitable with-
out using direct visual inspection for lesions.

PTCS has an important role in differentiating benign and
malignant biliary strictures. Direct visual inspection of the
bile duct and precise target biopsy for a suspected lesion can
overcome low diagnostic accuracy of other modalities in cas-
es of undifferentiated strictures, and numerous studies have
evaluated the role of cholangioscopy in undifferentiated bili-
ary strictures. Typical cholangioscopic features of benign bili-
ary stricture include smooth mucosal surface, tapered lumi-
nal narrowing, shorter length of stricture segment, multiple
stricture sites, frequent presence of stones and cholangitis,
and absence of definite neovascularization—the tumor ves-
sel.® A tumor vessel is an abnormally proliferating and tortu-
ous vascular structure on the bile duct mucosa and is one re-
presentative feature of biliary malignancy (Fig. 1). Kim et al.’
reported that PTCS-guided biopsies combined with visual di-
agnosis of a tumor vessel significantly improved sensitivity
and negative predictive value to 96% and 91%, respectively. In
their series of 63 patients with biliary strictures, six of eight
patients with negative PTCS-guided biopsies but a final diag-
nosis of malignancy, showed a tumor vessel. Direct visual in-
spection can help to make an accurate diagnosis especially in
infiltrative cholangiocarcinoma, because obtaining an ade-
quate biopsy specimen for infiltrative cholangiocarcinoma is

Fig. 1. Tumor vessel-abnormally proliferating and tortuous vascular structure on the bile duct mucosa. (A, B) Two cases of indeterminate far
distal bile duct lesions that could not be diagnosed with conventional endoscopic retrograde cholangiopancreatography.

530 Clin Endosc 2013;46:529-536



sometimes difficult, even with PTCS, due to the striking fi-
brotic and inflammatory stromal responses around the can-
cer.

Some stricture locations cannot be approached in a retro-
grade manner, such as used with ERCP or POCS. PTCS can
be used as a valuable diagnostic modality for strictures in the
far distal common bile duct stricture, hepatic hilum, and focal
strictures of the intrahepatic duct (IHD) unrelated to stone.
Nimura et al." performed 428 cases of PTCS in biliary stric-
tures and reported that PTCS was a useful diagnostic proce-
dure for biliary tract strictures in the distal bile duct and he-
patic hilum. There are some conditions in a distal common
bile duct stricture that make tissue sampling difficult using
ERCP or POCS even in normal gastrointestinal anatomy. Ev-
aluation by POCS is technically difficult particularly in the far
distal common bile duct because it is hard to secure enough
margins between the tip of endoscopy and the lesion for bi-
opsy if the lesion is too close to the orifice of ampulla of Vater.
Kim et al." evaluated the sensitivity and specificity of PTCS in
95 patients whose stricture diagnosis of benign or malignant
was inconclusive, and compared these results with those of
other modalities. In their study, the sensitivity and specificity
for distal common bile duct stricture using a combination of
PTCS-guided biopsy and tumor vessel identification were
96% and 100%, respectively—results that were superior to
computed tomography (CT), magnetic resonance cholangio-
pancreatography (MRCP), and direct cholangiography.

Several reports have documented the usefulness of PTCS
with respect to hilar strictures.'*'>" In a study by Jung and co-
lleagues," 14 (7.9%) of 177 patients whose hilar strictures had
been diagnosed as suspicious for malignant lesions on CT or
MRCP were confirmed as benign with PTCS; diagnostic ac-

Choi JH et al.

curacy of PTCS was 88.4% by combined findings of tumor ve-
ssels and histological examination. IHD strictures that are co-
mmon in Far East Asia are usually associated with an IHD
stone or parasitic disease, which causes repeated episodes of
cholangitis. However, focal or segmental strictures of the IHD
without any evidence of an IHD stone or parasitic disease of-
ten pose diagnostic problems, and it is usually impossible to
obtain a retrograde forceps biopsy specimen because of the
proximal location of the stricture in these kinds of strictures.
Seo et al." performed PTCS in 17 patients with focal stric-
tures of the IHD without evidence of stones and successfully
diagnosed 12 malignant strictures and five benign strictures.
They concluded that PTCS in this situation was useful for di-
agnosis, including the detection of early bile duct cancer.

The more recent narrow band imaging (NBI) technique
improves the diagnostic ability of PTCS for indeterminate bil-
iary strictures. More accurate evaluation of bile duct mucosa
is possible with NBI for detecting fine surface mucosal stric-
tures and microvasculatures (Fig. 2). Itoi et al.”” reported that
identification of the surface structures and vessels of the bile
duct lesions by NBI observation was significantly better than
with conventional observation by white light imaging. Their
study was performed using peroral video cholangioscopy in
development, but the NBI system can be easily applied to PT-
CS and used more widely than POCS because most PTCS
uses video endoscopy and ensures high-quality images.

Biliary tumor

As mentioned above, one of the key roles of PTCS is the di-
agnosis of cholangiocarcinoma. The precise evaluation of lon-
gitudinal tumor extension is very important because this de-
termines resectability and choice of treatment modality. Bile

Fig. 2. Comparison of conventional white light imaging and narrow band imaging in the case of recurred gallbladder cancer after cholecys-
tectomy. (A) The white light imaging shows tumor vessels and a polypoid mucosal lesion. (B) The narrow band imaging shows papillary
structures of mucosal surface (white arrow) and microvasculatures (black arrow) more definitely than white light imaging.
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duct adenocarcinomas are classified into three different types
according to morphologic pattern: nodular, papillary, and in-
filtrative.* Although a nodular or stenotic bile duct tumor can
be diagnosed without additional cholangioscopic findings, it
is hard to make a definite diagnosis and preoperative staging
in cases of papillary or infiltrative cholangiocarcinoma, which
spreads superficially along the bile duct mucosa, without di-
rect visualization of bile duct lesions. PTCS-guided mapping
biopsy for these types of cholangiocarcinoma is helpful for
defining the proximal and distal extension of the tumor and
designing a type of resection.”” Lee et al.'® evaluated the dis-
crepancy in diagnosis of hilar cholangiocarcinoma between
PTCS and MRCP. In their series of 99 patients, there was rela-
tively good overall agreement between these two modalities
on the longitudinal extension of the tumor for the stenotic
type of hilar cholangiocarcinoma. For polypoid or diffuse
sclerosing types, however, the accuracy of MRCP was signifi-
cantly lower compared with that of the stenotic type. Tamada
et al."” evaluated the accuracy of cholangiography in assessing
the longitudinal extent of cholangiocarcinoma and found only
63% accuracy compared to 83% for PTCS-guided mapping
biopsies. The findings of their studies demonstrate that PTCS
is necessary for accurate preoperative assessment of longitu-
dinal tumor extension. Compared to POCS, PTCS is a more
invasive diagnostic procedure, but it has the advantage of pre-
cise preoperative diagnosis in the case of more complex chol-
angiocarcinoma. Because the proximal extension of the tu-
mor cannot be examined by POCS in common types of ch-
olangiocarcinoma obstructing the bile duct, PTCS should be
performed for preoperative staging of this type of cholangio-
carcinoma.

PTCS is also essential for diagnosis of intraductal papillary
mucinous neoplasm of the bile duct (IPMN-B). Because this
type of tumor is usually flat, small, or masked by thick mucin
produced by the tumor and has a tendency of superficial sp-
reading similar to the infiltrative cholangiocarcinoma, the le-
sion can be missed or underdiagnosed with cholangiography
or other radiologic modalities."**' Lee et al.”*® evaluated 58
cases of IPMN-B and concluded that direct visual inspection
of IPMN-B was important to determine the classification and
prognosis of disease. They reported that prominent papillary
tumors on PTCS findings were correlated with papillary ade-
nocarcinoma, whereas tiny, villous, coral reef-like projections
and fish egg-like mucosal changes were correlated with benign
papillary adenoma. In addition, saline irrigation was neces-
sary for detection on the wall of the bile duct because various
papillary mucosal lesions were covered with thick mucin. Al-
though this disease is rare, PTCS is a useful method in assess-
ing the diagnosis and preoperative staging of IPMN-B.
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Bilioenteric anastomosis site

When tumor recurrence or benign stricture is suspected at
a bilioenteric anastomosis site, PT'CS is the most reliable ch-
oice for diagnosis. A peroral approach to the bilioenteric anas-
tomosis site is usually difficult when the anatomy has been al-
tered by surgery. PTCS can also be used as a therapeutic mod-
ality in such benign stricture cases. This topic will be discussed
later.

THERAPEUTIC ROLES OF PTCS

PTCS is an effective and safe method for treating compli-
cated choledocholithiasis, benign biliary or bilioenteric stric-
tures, and bile duct tumor using local therapy such as argon
plasma coagulation (APC) ablation, laser therapy, and photo-
dynamic therapy (PDT). The maneuverability of a shorter ch-
olangioscope compared to POCS enables a more precise and
less cumbersome procedure. Thus, the value of PTCS in ther-
apeutics has not changed despite recent advances in other di-
agnostic modalities.

Cholelithiasis: bile duct stone

Patients with complicated cholelithiasis and who have
failed ERCP are good candidates for bile duct stone removal
with PTCS. Several methods, including basket stone removal,
electrohydraulic shock-wave lithotripsy (EHL), and laser lith-
otripsy, are used for the removal of bile duct stones with PTCS.
Direct contact with stones by EHL or a laser lithotripsy probe
is particularly useful and safe for the fragmentation of hard
stones that cannot be destroyed by mechanical basket litho-
tripsy while avoiding mucosal injury of bile duct.

IHD stones—hepatolithiasis—are frequent in East Asia, in-
cluding Taiwan, Japan, and Korea.”> Hepatolithiasis is often
associated with bile duct stenoses or strictures that lead to the
development of recurrent cholangitis and secondary biliary
cirrhosis. These conditions may result in severe complications,
such as biliary sepsis, liver abscess, portal hypertension, and
cholangiocarcinoma; therefore, appropriate therapies for hep-
atolithiasis are essential. Radical treatment for hepatolithiasis is
surgical removal of the stones via resection of the stenotic bile
duct and the destroyed hepatic parenchyma.”” However, appli-
cation of this method is difficult in patients with stones in mo-
re than two lobes of the liver, history of previous biliary sur-
gery, high postoperative risk, or who refuse surgery. Although
bilateral hepatectomy has been reported to be safe and effec-
tive following improvements in surgical techniques and peri-

% surgery alone is often inadequate for the

operative care,
complete removal of hepatolithiasis. Hence, PTCS is a reason-
able choice for treatment of hepatolithiasis with a supplement

of surgery.



The initial success rate of PTCS with EHL for the treatment
for hepatolithiasis is above 80%.***° Huang and colleagues™
reported results from up to 22 years of follow-up of 245 pa-
tients who underwent PTCS combined with EHL and docu-
mented that complete clearance of hepatolithiasis was achi-
eved initially in 85.3% of patients and the complication rate
was 4%. Using the same treatment modality, Lee et al.” re-
ported that complete clearance of intrahepatic stones was achi-
eved in 80% of 92 patients and that a severe intrahepatic stric-
ture was an important factor affecting the immediate success
rate of PTCS and the recurrence rate of hepatolithiasis. A com-
plete clearance of hepatolithiasis is important because it is re-
lated to a better long-term outcome. The incidence of recur-
rent cholangitis or cholangiocarcinoma was significantly hig-
her in those with incompletely removed recurrent hepatoli-
thiasis compared to those without coexisting hepatolithiasis.”
These results indicate that PTCS is superior to POCS for man-
agement of hepatolithiasis. Okugawa et al.* reported that co-
mplete clearance of hepatolithiasis with POCS was achieved
only in 64% of cases. Although they did not directly compare
POCS to PTCS and concluded that treatment of hepatolithia-
sis with POCS was an effective method, lithotomy with POCS
for hepatolithiasis is less efficient than PTCS because POCS is
harder to handle and needs more procedure time than PTCS.

The recurrence rate of hepatolithiasis is another important
consideration for treatment. Overall recurrence rate varies,
ranging from 35% to 60%.*** One of the most important fac-
tors associated with recurrence is the combined bile duct stric-
tures. Tsunoda et al.”” classified intrahepatic stones according
to location of the stones and the presence or absence of ste-
notic lesions and/or localized dilation of the intrahepatic bile
ducts: type I, no marked dilatation or stricture of intrahepatic
bile ducts; type II, diffuse dilatation of the intrahepatic biliary
tree without ITHD strictures and frequently a stricture of the
distal common bile duct; type III, unilateral solitary or multi-
ple cystic intrahepatic dilatation frequently associated with
stenosis of the left or right intrahepatic bile ducts; and type IV,
the same attributes as type II but with bilateral involvement of
the hepatic lobes. Based on this classification, the recurrence
rate in patients with type III and IV hepatolithiasis increased
gradually to 50% at 60 months of follow-up.”’ In addition, un-
derlying biliary disease is also a factor affecting the recurrence
of hepatolithiasis. In one study, the recurrence rate in patients
with advanced biliary cirrhosis was higher than in those with
no or mild cirrhosis and the overall recurrence rate was 35%
with a mean follow-up period of 42 months.” PTCS should
therefore be performed carefully in patients with severe bili-
ary strictures or advanced biliary cirrhosis in view of the in-
creased risk of recurrence, although PTCS combined with
EHL is an effective and relatively safe treatment for intrahe-
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patic stones.

Stricture dilatation

Postoperative biliary stricture at the anastomosis site is ca-
used by benign conditions, including fibrosis and scarring af-
ter intraoperative injury,”** or malignant conditions such as
tumor recurrence. Although relatively rare, postoperative bili-
ary stricture is a serious complication after biliary surgery be-
cause this can lead to recurrent cholangitis, cholelithiasis, sec-
ondary biliary cirrhosis, and hepatic failure. Moreover, the
proper management of postoperative biliary stricture is now
more important because of increasing cases of liver transplan-
tation.

If the cause of biliary stricture is tumor recurrence, of co-
urse, the treatment of choice is surgery if possible. However, a
clinical dilemma is encountered in benign cases due to the
higher morbidity and mortality rates of reoperation. Treat-
ment with PTCS could be considered a preferred method be-
cause of its high success rate and fewer complications com-
pared to reoperation. PTCS-guided stricture dilatation basi-
cally consists of balloon dilatation and indwelling catheter
(PTCS catheter of nelaton catheter) or stent placement (Fig. 3).
Kim et al.” reported that the initial technical success rate and
overall success rate of treatment with balloon dilatation and
indwelling catheter using PTCS for bilioenteric anastomotic
strictures were 100% and 81.0%, respectively, in their series of
21 patients during a follow-up ranging from 12 to 79 months.
The overall duration of indwelling catheter maintenance was
2.4 months in the no stricture recurrence group and 1.6 mon-
ths in the recurrence group, and there was no statistical differ-
ence between groups. Although there has been no document-
ed study comparing the success rate of reoperation to that of
PTCS for postoperative biliary stricture, their results showing
overall success is comparable to that of surgical treatment, ac-
cording to reports evaluating surgical therapy and percutane-
ous balloon dilatation.**”

PTCS-guided stricture dilatation has advantages compared
to percutaneous cholangiography-guided intervention. First,
postoperative biliary stricture is often accompanied by bile
duct stones proximal to the narrowed anastomosis site. If stone
fragmentation with EHL or laser lithotripsy is needed, PTCS
can remove stones simultaneously with stricture dilatation
during the same session. Second, remnant surgical suture ma-
terials at the anastomosis site can be removed under the guid-
ance of PTCS before or after stricture dilatation. Several case
reports have indicated that the surgical clip or nonabsorbable
suture used for ligation could be a nidus for bile duct stone
41 as the exposed suture materials can cause bile
stasis and result in the deposition of calcium bilirubinate. Re-

formation

moval of the suture material with forceps may reduce the re-
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Fig. 3. Postoperative hepaticojejunostomy site stricture dilatation with balloon dilatation and indwelling catheter placement via percutane-
ous transhepatic cholangioscopy (PTCS). (A) Balloon dilatation was performed on hepaticojejunostomy site stricture. White arrow indicates
a waist of balloon at stricture site. (B) After balloon dilatation, 18 Fr PTCS catheter was placed through stricture site. (C) Cholangioscopic
view of tight stricture at hepaticojejunostomy site. (D) Cholangioscopic view after 2 months of stricture dilatation showing widened lumen

and erythematous mucosal change.

currence of bile duct stones, and this procedure cannot be
performed with cholangiographic guidance. PTCS is also
helpful in differentiating benign from malignant strictures by
allowing direct visualization and target biopsies, as discussed
previously. Moreover, there was a case report of making new
tract with PTCS in patients with complete membranous oc-
clusion of bilioenteric anastomosis.*” Hence, PTCS-based
treatment of patients with benign bilioenteric anastomotic st-
rictures is a safe and effective method that frequently can be
used as a substitute for surgery.

Local therapy for bile duct tumor

Although there has been no large-scale study, local ablation
therapy with PTCS for various bile duct tumors has been
tried and has shown promising results. PTCS-guided PDT
has advantages over conventional cholangiography in deter-
mining the appropriate location of the PDT probe and accu-
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rately evaluating tumor extent. In addition, this method is
useful for evaluating the response to PDT. Shim et al.*? used
PDT in 24 patients with unresectable cholangiocarcinoma
and reported successful outcomes, including decreased tumor
mass and improved quality of life indices. APC for premalig-
nant biliary lesion has also been reported.** The superficial
depth of ablation and ability to treat large surface areas in a
short procedural time are advantages of PTCS-directed APC
ablation. Brauer et al.* reported a case of cholangioscopy-gu-
ided APC ablation for IPMN-B, despite failing to find a clini-
cal benefit. Jazrawi et al.* reported that a patient with biliary
papillomatosis was treated successfully with APC under cho-
langioscopic guidance. Although surgical resection is the tr-
eatment of choice for these kinds of biliary lesions, local ther-
apy with APC can be applied as an eligible substitution in
patients who cannot tolerate surgery due to underlying medi-
cal conditions (Fig. 4). Ethanol injection to hepatocellular
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Fig. 4. (A-C) Argon plasma coagulation ablation to intraductal papillary adenoma.

carcinoma (HCC) invading the bile duct under the guidance
of PTCS has also been tried. Choi et al.* conducted PTCS-
guided ethanol injection to HCC in 10 patients and evaluated
the safety and efficacy of the procedure. They reported that
eight in 10 patients showed a response to therapy and there
were no immediate complications.

CONCLUSIONS

Although PTCS is a time-consuming, cumbersome proce-
dure and has a risk of complications associated with cutaneo-
biliary fistula (e.g., hemobilia, infection, tumor seeding on si-
nus tract),”” PTCS has its own indispensable diagnostic and
therapeutic roles.
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