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Abstract

The accurate diagnosis of extrahepatic bile duct carci-
noma is difficult, even now. When ultrasonography (US)
shows dilatation of the bile duct, magnetic resonance
cholangiopancreatography followed by endoscopic US
(EUS) is the next step. When US or EUS shows local-
ized bile duct wall thickening, endoscopic retrograde
cholangiopancreatography should be conducted with
intraductal US (IDUS) and forceps biopsy. Fluorescence
/in situ hybridization increases the sensitivity of brush
cytology with similar specificity. In patients with papil-
lary type bile duct carcinoma, three biopsies are suf-
ficient. In patients with nodular or infiltrating-type bile
duct carcinoma, multiple biopsies are warranted, and
IDUS can compensate for the limitations of biopsies. In
preoperative staging, the combination of dynamic multi-
detector low computed tomography (MDCT) and IDUS
is useful for evaluating vascular invasion and cancer
depth infiltration. However, assessment of lymph nodes
metastases is difficult. In resectable cases, assess-
ment of longitudinal cancer spread is important. The
combination of IDUS and MDCT is useful for revealing
submucosal cancer extension, which is common in hilar
cholangiocarcinoma. To estimate the mucosal exten-

(4 9

TR
JBaishideng®

WJCO | www.wjgnet.com

203

sion, which is common in extrahepatic bile duct carci-
noma, the combination of IDUS and cholangioscopy is
required. The utility of current peroral cholangioscopy
is limited by the maneuverability of the “baby scope”. A
new baby scope (10 Fr), called “SpyGlass” has poten-
tial, if the image quality can be improved. Since extra-
hepatic bile duct carcinoma is common in the Far East,
many researchers in Japan and Korea contributed these
studies, especially, in the evaluation of longitudinal can-
cer extension.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Most patients with bile duct cancer are diagnosed in an
advanced stagemj. From 1998 to 2004, the 5-year sur-
vival rate after surgical resection was 33.1% for bile duct
cancer in Japanm. To improve the therapeutic effect of
bile duct carcinoma, efforts have been focused on diverse
areas: early detection of the lesions, accurate differentia-
tion of benign and malignant biliary stenosis, assessment
of locoregional tumor extension, development of surgi-
cal methods, biliary stenting, and chemoradiotherapy for
untesectable bile duct cancer.
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In the diagnosis of intrahepatic cholangiocarcinoma,
non-invasive, cross-sectional imaging tests including com-
puted tomography (CT) and magnetic resonance imaging
(MRI) are useful. MRI in the form of magnetic resonance
cholangiopancreatography (MRCP) and multi-detector
low CT (MDCT) are the most commonly performed im-
aging tests in these patients. In contrast, for the diagnosis
of extrahepatic bile duct cancer, an endoscopic approach
is essential. Endoscopic techniques are more invasive and
include the use of endoscopic retrograde cholangiopan-
creatography (ERCP) and endoscopic ultrasonography
(EUS). In this review, we desctibe the advances and cut-
rent limitations of our professional area: endoscopic
procedures in the diagnosis of extrahepatic bile duct car-
cinoma.

EARLY DETECTION OF EXTRAHEPATIC

BILE DUCT LESIONS

Tompkins ez @/ reported that 91% of patients with bile
duct cancer who underwent surgery had serum bilirubin
levels greater than 2.0 mg/dL. Tio ez al? reported that
almost all patients were diagnosed after developing ob-
structive jaundice, and only two of 76 patients showed
stage T'1 disease. In contrast, Sugiyama ez al” reported
that 18 of 103 patients showed no jaundice, and eight of
103 patients had stage T1 disease. When a patient com-
plained of abdominal discomfort or showed an elevation
of serum biliary enzymes, they routinely performed ul-
trasonography (US) to screen for pancreatobiliary ductal
diseases, which resulted in the early detection of lesions
with good prognosis.

us
In the middle and distal bile duct, US cannot assess tu-

mors sufficiently due to disturbance by gastrointestinal

gas[

ing hilar tumor, middle bile duct tumor, and distal bile
duct tumor are 85.6%, 59.1%, and 33.3%, respectivelym.
Therefore, bile duct dilatation on US findings is an im-
portant sign for the early diagnosis of bile duct cancer.
Our group has reported an asymptomatic unicteric pa-
tient with bile duct carcinoma, in whom US at the time
of health examination showed dilatation of the bile
duct”. In most countries, routine US examination for
these patients might be difficult due to cost-effectiveness.
In Japan, US equipment has become popular even in
small clinics in the past two decades, and screening of the
biliary tract using US is increasingly performed.

5 . N
| Even now, the sensitivities of US in demonstrat-

MRCP

Until recently, when US showed dilatation of the bile
duct, ERCP was the next step to obtain cholangiography.
Recently, MRCP has become an alternative to ERCP as it
is a non-invasive modality!™”. When US shows intraductal
tumort, initial ERCP rather than MRCP should be cattied
out for cost-effectiveness, even if the patient shows no
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jaundice. However, when US shows only dilatation of the
extrahepatic bile duct, MRCP is a safe modality to obtain
a clear cholangiogram.

A recent excellent prospective study by Sai ez al” dem-
onstrated that MRCP showed a sensitivity of 90% in
evaluating extrahepatic bile duct carcinoma in the non-
icteric stage. They investigated non-icteric patients who
had abnormal concentrations of serum biliary enzymes
and whose common hepatic duct was more than 8 mm in
diameter on abdominal US due to unknown reasons. In
this study, 10 patients were diagnosed with extrahepatic
carcinoma including 5 patients in T'1 stage during a 7-year

period.

EUS
By using intraduodenal scanning, in the extrahepatic bile
duct, EUS can provide high resolution power without
echo attenuation and without the influence of gastro-
intestinal gas. When evaluating extrahepatic bile duct
carcinoma in the non-icteric stage, the sensitivity and
specificity of MRCP followed by EUS were 90% and
98%, respecrivelym. In another study, in 32 patients with
normal serum liver enzymes and whose common bile
duct was dilated on US findings, EUS did not show bili-
ary malignancym. Therefore, the patients who had abnor-
mal concentrations of serum biliary enzymes and whose
common hepatic duct was dilated on abdominal US will
be good targets for EUS. EUS was also useful in diagnos-
ing distal biliary strictures without a mass on cT,
Fernandez-Esparrach ¢ a/” also performed a prospec-
tive study of MRCP and EUS in the evaluation of 63
patients with unexplained common bile duct dilation
on standard US, although most of these patients had
jaundice. The sensitivity and specificity of MRCP in diag-
nosing malignancy in these patients were 95% and 98%,
respectively. The sensitivity and specificity of EUS were
100% and 100%, respectively'”.

ACCURATE DIFFERENTIATION OF
BENIGN AND MALIGNANT BILIARY
STRICTURES

ERCP
An ERCP image of a patient with extrahepatic bile duct
carcinoma in the non-icteric stage is shown in Figure 1.

On ERCP or MRCP findings, benign diseases includ-
ing post-operative stenosis, chronic pancreatitis, primary
sclerosing cholangitis, or autoimmune pancreatitis show
bile duct stenosis as well as malignant disease!"™". Chol-
angiography shows filling defects at the common bile
duct in patients with adenomyoma“” or inflammatory
strictures''?. Therefore, accurate distinction between be-
nign and malignant biliary structures is essential to avoid
unnecessary surgery.

The accuracy of MRCP is comparable with that of
ERCP™!, Malignancy is suggested when cholangiography
shows long (greater than 10 mm), asymmetric, and irreg-
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Table 1 Sensitivity rates for detection of malignancy by endoscopic brush cytology of a biliary stricture

Authors and year Country Panc cancer Bile duct cancer Specificity
Venu et al®, 1990 USA 60% (3/5) 80% (20/25) 100% (88/88)
Rupp et al™, 1990 USA 91% (21/23) 100% (6/6) 88% (7/8)
Foutch et al™, 1991 USA 0% (0/6) 100% (5/5) 100% (3/3)
Ryan et al®, 1991 USA 30% (6/20) 44% (4/9) 100% (17/17)
Howell et al™, 1992 USA 0% (0/18) 50% (2/4) 100% (5/5)
Kurzawinski et al™, 1993 Great Britain 65% (15/23) 60% (6/10) 100% (7/7)
Ferrari Janior et al™”, 1994 USA 66% (16/29) 20% (2/10) 100% (22/22)
Ponchon et al™, 1995 France 15% (3/20) % (12/25) 97% (64/66)
Sugiyama et al”™, 1996 Japan 36% (5/14) 59% (10/17) 100% (12/12)
Mansfield et al™, 1997 Great Britain 38% (10/28) 63% (10/16) 100% (2/2)
Vandervoort et al®, 1999 USA 11% (5/46) 30% (3/10) 100% (37/37)
Glasbrenner et al®, 1999 Germany 35% (11/31) 80% (16/20) 90% (19/21)
Jailwala et al'™, 2000 USA 24% (11/46) 23% (7/30) 100% (29/29)
Farrell et al™, 2001 USA 78% (14/18) 60% (6/10) 83% (10/12)
Fogel et al™, 2006 USA 36% (32/88) 26% (10/38) 100% (8/8)
Kitajima et al®, 2007 Japan 60% (9/15) 71% (15/21) 100% (7/7)

Figure 1 Cholangiographic finding of extrahepatic bile duct carcinoma in
the non-icteric stage. A: Cholangiography shows a papillary tumor at the distal
common bile duct (arrows); B: The histologic findings of the resected specimen
showed papillary adenocarcinoma confined to the mucosal layer (hematoxylin
and eosin, x 1).

ular strictures. Benign disease is suggested when cholan-
glography shows short, regular, and symmetric strictures.
Using these criteria, the diagnostic sensitivity and speci-
ficity for ERCP were 74% and 70%, respectively. The
diagnostic sensitivity and specificity for MRCP were 70%
and 72%, respectivelym.

Although ERCP is conducted for the purpose of bili-
ary drainage to release obstructive jaundice, the utility of
preoperative biliary drainage is controversial. Some re-
ports indicate that preoperative biliary drainage increased
infectious complications after hepatectomy for proximal
bile duct tumor". In preoperative biliary drainage for
cholangiocarcinoma, endoscopic nasobiliary drainage
(NBD) is preferable to endoscopic biliary stenting, be-
cause secondary cholangitis due to the retrograde flow
of duodenal fluid into the biliary tree does not occur™"",
NBD is also useful to obtain a clear cholangiogram to
evaluate longitudinal cancer extension along the bile
duct, which is common in cholangiocarcinoma“5’17]. In
contrast, a clear cholangiogram is unnecessary in patients
with pancreatic cancer, since longitudinal cancer exten-
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sion is rare in these patients. One randomized controlled
trial of preoperative biliary drainage for cancer of the
head of the pancreas has been reported“sl. This report
concluded that routine preoperative biliary drainage in
patients undergoing surgery for cancer of the pancreatic
head, with obstructive jaundice and a bilirubin level less
than 14.6 mg/dL, increases the rate of complications.
Therefore, we agree that routine ERCP is not required in
patients with pancreatic cancer.

Bile cytology during ERCP

In some prospective studies, bile exfoliative cytology
aspirated after insertion of an external biliary catheter
showed disappointing results (sensitivity 6%-24%)""*",
Brush cytology has a specificity of nearly 100%*""

When its specificity is 100%, its sensitivity for cholan—
glocarcinoma ranges from 23% to 80%"" as shown in
Table 1. Its sensitivity for pancreatic cancer is low, rang-
ing from 0% to 66%*, even now. The low sensitivity is
related to low cellularity of these tumors and the demo-
plastic reaction. A new long brush did not improve re-
sults™, Repeated brushing improved the sensitivity from
35% to 44% (P = 0.01), although dilation of the stenosis
did not improve its sensitivity™ (Table 1).

Percutaneous transhepatic cholangioscopy

Percutaneous transhepatic cholangioscopy (PTCS) is pre-
dominantly performed in Asian countries such as Japan,
Korea, and Taiwan, where there is a high prevalence of
intrahepatic stones and cholangiocarcinoma™ ™, Even
in patients with non-dilated intrahepatic bile duct, pet-
cutaneous transhepatic biliary drainage (PTBD) can be
performed with the assistance of cholangiography via
NBD". Once the PTBD tract is established, insertion
of the cholangioscope from the percutaneous tract is
relatively easy. On cholangioscopic findings, irregularly
dilated and tortuous vessels, so called “tumor vessels”,
are good targets for biopsyp%oj. Although PTCS is an
excellent procedure to obtain the target biopsy with a
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Table 2 Sensitivity rates for detection of malignancy by endoscopic forceps biopsy of a biliary stricture

Authors and year Country Panc cancer Bile duct cancer Specificity
Kubota et al®, 1993 Japan 50% (2/4) 89% (16/18) 100% (5/5)
Ponchon et al™, 1995 France 46% (6/13) 44% (7/16) 97% (35/36)
Sugiyama et al””, 1996 Japan 71% (10/14) 88% (15/17) 100% (12/12)
Jailwala et al™, 2000 USA 33% (15/46) 30% (9/30) 100% (10/10)
Tamada et al®, 2002 Japan 50% (6/12) 84% (21/25) 100% (18/18)
Kitajima et al®, 2007 Japan 60% (9/15) 57% (12/21) 100% (7/7)

sensitivity of 93%-96%""* it requires an invasive tech-
nique compared to the transpapillary approach. The
sensitivities of the target biopsy for bile duct carcinoma,
pancreatic carcinoma, and gallbladder carcinoma are
95.7% (135/141), 67.2% (45/67), and 76.2% (48/63), re-
spectively™ ",

The numbers and locations of the biopsies required
to make a diagnosis of carcinoma depend on the origin
and cholangioscopic appearance of the tumor™. A diag-
nosis of carcinoma was made in all patients (# = 4) with
a tumor of the papilla of Vater and in all patients (» =
15) with a polypoid bile duct tumort, with two biopsies
from the tip of the polypoid mass. In patients with bile
duct cancer of the stenotic type (# = 19), cancer was di-
agnosed in 95% of cases when three biopsies were taken
from the margin of the stenotic area rather than within
the area of the stenosis. When cholangioscopy showed a
tortuous, dilated vessel (# = 10), the diagnosis of cancer
was made with two biopsies taken from the margin of
the stenosis rather than inside the stenosis. In the patients
with metastatic bile duct cancer (# = 14), the diagnosis
was made in only 43% of cases when three biopsies were
taken from the margin of the area of stenosis. When
combined with results from the three biopsies taken from
within the area of stenosis, the sensitivity for diagnosing
pancreatic cancer improved from 20% to 60%*,

Transpapillary biopsy

The sensitivity of transpapillary bile duct biopsy is report-
ed to be 52%-81%""**" a5 shown in Table 2. In these
series, various biliary diseases, including pancreatic cancer
and gallbladder cancer are included. When the tumor is lo-
cated outside the bile duct (pancreatic or gallbladder can-
cer), the sensitivity of the biopsy is low (50%-71%). How-
evet, in patients with bile duct carcinoma, the sensitivity
of transpapillary bile duct biopsy is 84%-89%***7%
Sugiyama ef a” designed new biopsy forceps which could
be introduced into the bile duct without sphincterotomy.
Once the guidewire is introduced into the bile duct, the
forceps can be inserted into the bile duct along the placed
guidewirel%'s()]. In the patient with cholangiocarcinoma,
the diagnostic results of this clamshell type forceps
with a soft outer Teflon sheath (Olympus Optimal. Co.
Led)?* is supetior to that of triple tissue sampling us-
ing the Howell system™ ™, Ropeway-type biopsy forceps
are also commercially available now!™". Selective biopsy of
both hepatic ducts is also possible”. Dumonceau e# a/*?
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used a giant basket to grasp the tissue, and reported a sen-
sitivity of 80%.

The required number and the location of biopsy
should be selected according to the type of tumor. In pa-
tients with papillary (polypoid) type bile duct carcinoma,
three biopsies from the tip of the polypoid lesion were
sufficient for the diagnosis with a sensitivity of 100%™,
In patients with nodular or infiltrating type cholangiocar-
cinoma, multiple biopsies from the margin of the steno-
sis and within the stenosis improve sensitivity™*. Since
endoscopic skill is an art, endoscopists must sufficiently
manipulate the tip of the forceps by free hand according
to the gross finding of the tumor to improve the sensitiv-
ity of the method. The passion to improve the results is
important as well as objective comparison with published
data. In patients with pancreatic cancer, this modality
has limitations, and other methods should be selected if

ERCP tissue sampling shows negative results™ """\

Percutaneous transhepatic intraluminal biopsy

Via the PTBD route, multiple intraluminal biliary duc-
tal biopsies using a sheath with a side port show good
results®, In patients with polypoid-type cholangiocarci-
noma, the sensitivities of a single biopsy and 2 biopsies
wete 67% (4/6) and 100% (6/6), respectively. In patients
with nodular-type cholangiocarcinoma, the sensitivities
of a single biopsy, 3 biopsies, 6 biopsies, and 9 biopsies
were 40% (4/6), 80% (16/20), 90% (18/20), and 95%
(19/20), respectively. These results suggest that repeated
biopsies may improve the sensitivity of transpapillary bi-
opsy in patients with nodular-type cholangiocarcinoma.

Advanced techniques in cytology

Advanced cytologic techniques, including digitized im-
age analysis (DIA) and fluorescence ir situ hybridization
(FISH), have been used to increase the sensitivity of bile
cytologym*m. The DIA technique quantitates nuclear
DNA via special stains to assess the presence of aneu-
ploidy, whereas FISH analysis detects chromosomal poly-
somy by using fluorescent probes.

In a prospective study, when routine cytology was
negative, FISH had an increased sensitivity (35%-60%0)
compared to routine cytology, however, the sensitivity
and specificity of DIA was intermediate as compared to
routine cytology[64]. In another prospective study, DIA
increased the sensitivity from 15% to 43%, but decteased
the specificity from 100% to 929!, FISH increased the
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sensitivity from 15% to 44%, with similar specificities utility of direct POCS in 1982, using a previously placed
(98% for FISH and 100% for routine cytology)[w]. In balloon catheter in the intrahepatic bile duct as the an-

patients with negative brush cytology and forceps biopsy, chor system””. Since this system has the limitation of
DIA, FISH, and composite DIA/FISH wete able to pre- poor insertion rates of cholangioscopy, the modality was
dict malignant diagnoses in 14%, 62%, and 67%, respec- replaced by the “mother baby” system. However, recently
tively™. In another comparative study, FISH increased a thin-caliber gastroscope made it possible to perform
the sensitivity from 20.1% to 42.9% compared to routine this method againm’Sm. Only one endoscopist is neces-
cytology, with similar specificities (99.8% for FISH and sary, and the larger working channel (2.0 mm) of the
100% for routine cytology). DIA was not a significant endoscope allows for large biopsiesm’gm. This modality
independent predictor of malignancy®”. These results may be useful for the evaluation of intraductal papillary
show that FISH is a useful technique to improve the di- mucinous neoplasms of the bile duct™,

agnostic ability of cytology.

SpyGlass

“Mother-baby” system - peroral cholangioscopy Recently, the SpyGlass peroral cholangio-panctreatoscopy
A small caliber (3.2-4.1 mm) “baby” cholangioscope is system (Boston Scientific Co., Natick, MA, USA) has been
inserted into the common bile duct through the channel introduced® ™. This system uses a reusable optical probe,
of a large caliber “mother” duodenoscope[(’&m. To date, a disposable access and delivery catheter (SpyScope),
there have been only a few large studies on diagnostic and disposable biopsy forceps. The outer diameter of
peroral cholangioscopy (POCS) in biliary-tract diseases, the SpyScope is 10 French. This system offers several
despite many reports on therapeutic POCS and diagnos- advantages over previous cholangioscopes. It allows for

tic PTCS. The utility of POCS is further limited by the single-operator control of both the duodenoscope and
fragility of the cholangioscopes and insufficient optical the SpyScope because the SpyScope catheter is mounted

resolution. Biopsies can be performed through the chol- on the duodenoscope by a silastic belt. The endoscopist
angioscope, but adequate sampling remains challenging can sequentially manipulate both the duodenoscope and
due to the small size of the working channel (1.2 mm) the SpyScope with one hand; thus, two endoscopists
and the limited maneuverability of the long baby scope. are not needed. This system also uses 4-way tip deflec-

Fukuda e a/*” reported that the diagnostic criteria tion, which allows for improved access of tertiary ducts.
of PTCS™* was useful in POCS, and that the addition Furthermore, the irrigation channel (0.6 mm) is separate
of POCS improved diagnostic ability compared with from the working channel (1.2 mm), which allows for sus-
endoscopic retrograde cholangiography/tissue sampling tained continuous irrigation even if the working channel
(accuracy 78%-93.4%, sensitivity 57.9%-100%). In recent is in use. Therefore, the SpyGlass system can be used for
years, the development of video cholangioscopy has cholangioscopic-guided target biopsy[w. The sensitivity
largely overcome the issue of poor image qualitym’m. and specificity of SpyGlass-directed biopsy was 71% and
This improvement due to video cholangioscopy can 100%, respectively, in an evaluation of intraductal lesions
provide better quality images, resulting in the ability to in 20 patients[w

observe each lesion clearly and to perform the correct

target biopsy. Furthermore, video cholangioscopy makes Intraductal US

it possible to use the narrow-banding imaging (INBI) sys- When the findings of ERCP or MRCP are equivocal, we
tem!™"™. Troi e a/”"! reported that POCS combined with have been petforming transpapillary intra-bile ductal US

NBI could clarify the fine surface structure of lesions to detect small tumors or localized wall thickeninglo’”].
and mucosal vessels compared with conventional white- Ultrasound imaging of the intra-bile duct using a thin (2.0
light observation in all cases. These results suggest that to 2.4 mm in diameter), high-frequency (15 to 20 MHz)
POCS combined with NBI may lead to higher detect- ultrasonic probe, called “intraductal ultrasonography”, is
ability of biliary-tract lesions, even minute lesions. One capable of producing high quality cross-sectional images
problem of NBI cholangioscopy is that bile is recognized of the bile duct, and is used for the differential diagnosis
as an incoming reddish fluid similar to blood™. This is of biliary strictures!®*** 5,
a significant issue that requires improvement, because it Many investigators have reported that intraductal US
leads to poor images, and it is time consuming to clean (IDUS) could compensate for the false negative results
the bile duct. of ERCP tissue diagnosis159’60’66’85’8(”. Multiple regression
Carbon dioxide insufflation is a tactic for obtaining analysis showed that the presence of a sessile tumor (in-
clear images of the bile duct during POCS'™. traductal or outside the bile duct: P < 0.05), tumor size
greater than 10.0 mm (P < 0.001), and interrupted wall
Direct cholangioscopy structure (P < 0.05) were independent vatiables that pre-
In one of the first reports of POCS in 1977, a straight- dicted malignancymj. We must bear in mind, however,
view fiberscope of 8.8 mm diameter could be directly that asymmetric localized bile duct wall thickening with
inserted through the mouth, into the biliary system after normal bile duct structure on IDUS images occurs in
an endoscopic sphincterotomy, without the need for a primary sclerosing cholangitis and other inflammatory
mother scope'”. Our research group also reported the changes as well as in bile duct carcinoma'™*”,
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Optimal coherence tomography

Optimal coherence tomography (OCT) is a new technique
that produces cross-sectional images using infrared light.
OCT has an axial resolution which is 10-fold better than
that of high-frequency ultrasound. However, its depth
penetration is limited to approximately 1 mm »s 10 mm
for a 20 MHz ultrasound probe.

Preliminary studies have demonstrated the ability of

OCT to generate high resolution images of the biliary

tree that correlate with histological ﬁndingsl%’gu. OCT has

the potential to identify small bile duct lesions, however,
it is not widely available except in a few centers. There-
fore the role of OCT in the diagnostic workup of bile
duct carcinoma is not yet established.

EUS-fine-needle aspiration
In patients with extrahepatic bile duct carcinoma, per-
cutaneous US-guided fine-needle aspiration (FNA) is
difficult, since these tumors are too small. On the other
hand, EUS has high-resolution power imaging and can
puncture lesions of 3 mm or greater

[92-98)

In one study, sensitivity was better for ERCP-based

techniques (brush cytology and forceps biopsy) in biliary
tumors (ERCP 75% »s EUS 25%), whereas EUS-guided
biopsy was superior for pancreatic masses (EUS 60% us

ERCP 38%)". Therefore, pancreatic cancer is a good

target for EUS-FNA. In recent studies of EUS-FNA in
patients with hilar strictures with negative brush cytol-
ogy, the diagnostic sensitivity, specificity, and accuracy

were 77%-89%, 100%, and 79%-91%, respectively”™. A

potential risk of this modality is intraperitoneal seeding;
In patients with unresectable bile duct cancer, EUS-FNA

may be conducted after negative ERCP results”””.

ASSESSMENT OF CANCER DEPTH
INFILTRATION

cinoma

TR
JBaishideng®

Accurate diagnosis of the extent of the cancer is essen-
tial to enable selection of the appropriate medical and
surgical therapy. On dynamic CT findings, extrahepatic
cholangiocarcinoma may be seen as a focal thickening
of the ductal wall with various enhancement patterns.
Until now, in many cases of extrahepatic cholangiocar-
cinoma, visualization of the tumor was not definitive
because they were too small to be detected, as previously

0,66,86-89)

3-10,59,6 .
reported[ ’ | More recent studies, however, have

shown the utility of modern contrast-enhanced MDCT
in the preoperative staging of hilar cholangiocarci-

noma”"". The diagnostic ability of 16-channel MDCT
is excellent”™"". The diagnostic ability of dynamic MRI

combined with MRCP using a 1.5 T MR system is com-

parable with MDCT"”""", The reports which clarified

the utility of MDCT for the staging of extrahepatic
cholangioma are limited compared to hilar cholangiocar-

[101,108)

IDUS is utilized to compensate for dynamic MDCT

to demonstrate the tumor extension in the hepatoduo-
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denal ligament. IDUS has become a promising modality
in assessing the depth of cancer infiltration in the bile
duct"”"™ In recent years, three-dimensional IDUS has
become an excellent modality for assessing tumor stag-
ing““’lmj. However, IDUS could not assess tumor inva-
sion outside the hepatoduodenal ligament, for example,
in the superior mesenteric vein, proper hepatic artery or
left hepatic artery due to echo attenuation. In addition,
IDUS can not assess distant metastases. Therefore, the
combination of dynamic CT and IDUS is essential for
accurate preoperative staging.

Vascular invasion

MDCT correctly revealed hepatic artery invasion with
75%-100% sensitivity and 90%-100% specificity and
portal vein invasion with 92.3%-100% sensitivity and
80%-100% specificity™ """,

On IDUS, when the high-echoic layer between the tu-
mor and a vessel disappeared, it was diagnosed as positive
for vascular invasion. Using this criterion, the accuracies
of IDUS in assessing tumor invasion to the right hepatic
artery and portal vein were 86%-100% and 92%-100%,
respectivelyw’mg’lISJ. However, visualization of the left he-
patic artery and proper hepatic artery was poor (14%0/18%)
due to anatomical reasons which caused ultrasound at-
tenuation ', Some investigators reported that 3D-
IDUS may improve diagnostic accutracy for the detection
of tumor invasion into the portal vein and the hepatic

ar tery“ 14,116]

Lymph node metastases

Dynamic CT detected lymph node swelling, however, it
was not effective in differentiating whether the swelling
indicated an inflammatory or a malignant change™"""*",
The accuracy of MDCT in evaluating lymph node me-
tastases was 57%-69%"""""*1 The accuracy of CT for
the characterization of paraaortic nodes was not different
from that of MRI"". A short axis-diameter over 5.3 mm,
irregular margin, and the presence of central necrosis
were suggestive morphologic features of malignant
nodes""”. Another report also showed that a round node
with a short-axis diameter exceeding 18 mm showed high
positive predictive values of malignancy (67%). However,
CT was not useful since nodes of this size and character
were rarel .

On IDUS, although high-resolution US might im-
prove detection of small epicholedochal lymph nodes,
due to the limited depth of ultrasonic penetration, IDUS
was inferior to conventional EUS with respect to detec-
tion of lymph node metastases LA hypo-echoic,
clear margin, and round shaped lymph node was judged
as malignant swelling. An irregular or angle shaped lymph
node was judged as inflammatory swelling. Using these
criteria, the accuracy of IDUS in assessing lymph node
metastases was 75%-78%"""""P A these results
show, the assessment of lymph node metastases using

CT and IDUS is difficult.
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Distinction of T1 and T2 biliary tumors

The inside hypo-echoic layer on IDUS images corre-
sponded not only to the fibromuscular layer but also to
a part of the peri-muscular connective tissue. Therefore,
even if the tumor was limited to the inside low-echoic
layer, it suggests a T2 tumor (the tumor invaded the peri-
muscular connective tissue) as well as a T1 tumor (the
tumor which is confined to the fibromuscular layer).
Therefore, accurate distinction of T1 and T2 tumors by
IDUS as well as CT is difficult ",

Invasion of the serosa

When the outside hyper-echoic layer was interrupted,
IDUS assessed it as positive serosal invasion. Using these
criteria, the accuracy of IDUS in assessing tumor inva-

- 109,110
sion to the serosa was 86%-93%""""",

Invasion of the pancreatic parenchyma

Sonographic detection of a bile duct tumor protrud-
ing into the pancreatic parenchyma or disruption of the
outer bile duct layer were diagnosed as positive for inva-
sion of the pancreatic parenchyma. Using these criteria,
the accuracy of IDUS in assessing tumor invasion to the
pancreas was 93%-100%!"">1"*24,

ASSESSMENT OF LONGITUDINAL
CANCER EXTENSION
Cholangiography

Extrahepatic bile duct carcinoma shows longitudinal
spread along the bile duct, often resulting in residual tu-

mor at the surgical margin. Conventional cholangiography
quis

can inadequately assess this as previously reporte

Longitudinal extension of cholangiocarcinoma consists
of mucosal (supetficial) or submucosal (invasive) infiltra-
tion depending on the tumor growth pattern. Mucosal
extension is predominantly seen with papillary (intraductal)
and nodular (mass-forming) tumors, while submucosal
extension is mainly seen with infiltrating (sclerosing) and
nodular-infiltrating tumors' . The length of longitudi-
nal extension is determined by the type of invasion, with
a mean length of 6-10 mm for the submucosal spread
and 10-20 mm for the mucosal spread'”'*. Therefore, a
gross surgical margin of more than 1 cm in the infiltrat-
ing type and more than 2 ¢m in the papillary and nodular
types is recommended to achieve negative microscopic

. . [127,128]
resection margins .

Dynamic MRI

The addition of contrast-enhanced dynamic images to
unenhanced and MRCP images did not significantly im-
prove the diagnostic accuracy for assessment of the lon-
gitudinal extent of bile duct cancer!™,

CcT
MDCT correctly revealed longitudinal extension of hilar
cholangiocarcinoma in 77.8%-87% of patients””""*'****,
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and extrahepatic cholangiocarcinoma in 62.5%-78.6%
of patientsm4’135]. MDCT revealed wall thickening of the
bile duct accompanied by submucosal cancer extension,
which is common in hilar Cholangiocarcinomam’l00’103’134].
However, CT has a strong tendency to underestimate
longitudinal mucosal spread, which is common in extra-
hepatic cholangiocarcinoma“zs’l32’135]. In these patients,
at the hepatic margin of the mucosal spread, the width
of the mucosa is too thin to be demonstrated by CT or

MRI!13

PTCS

Preoperative assessment of longitudinal spread of bile
duct cancer has been conducted by mapping biopsy us-
ing PTCSP#2HBARNOBCIS \riih the combination of
PTCS and cholangiography, its accuracy improved to
80%-92%">"" " Observation of the fine mucosal
structure is essential to compensate for the false-negative
study of mapping biopsy. Nodular, finely reticulo-
granular and highly papillary forms of papillo-granular
mucosa were characteristic of superficial spreading car-
cinoma®” A Reoular papillo-granular mucosa
was seen even in the non-cancerous area, and methylene
blue satin was useful, since the mucosa that did not stain
was characteristic of mucosal spreadm’m]. The presence
of irregularly dilated and tortuous vessels, so-called tu-
mor vessels, and the patterns of luminal narrowing, sug-
gested intramural cancer extension!” Regular
non-dilated vessels were seen even in the non-cancerous
area” IO T e or o)1) reported that PTCS was es-
sential to evaluate longitudinal cancer extension in patients
with polypoid-type cholangiocarcinoma, however, MRCP
was sufficient for stenotic-type cholangiocarcinoma. Kim
et al™ reported the utility of the combination of PTCS
and IDUS in evaluating longitudinal cancer extension of
extrahepatic bile duct carcinoma. Since PTCS requires
an invasive procedure and may lead to seeding along the
PTCS tract, this information should be utilized by POCS

from now on.

IDUS

The assessment of longitudinal cancer extension along
the bile duct is a promising aspect of IDUS"™* ' How-
ever, to establish the diagnostic system of longitudinal
spread by IDUS, some problems have been solved. Bile
duct wall thickening occurs by inflammatory change due
to mechanical stimulation of the drainage catheter as well
as intra-wall extension of the cancer which shows asym-
metric thickening, as previously reportedmo’mzﬂ.

A possible solution to this problem might be accurate
assessment of the appearance and the internal echo of
the wall thickening. When IDUS shows a papillary pat-
tern of the bile duct mucosal surface, heterogeneous bile
duct wall thickening (width = 1.8 mm) with irregular
outer marginal, or asymmetric bile duct wall thickening
(width = 1.8 mm) with rigid inner edge, it may be judged
as a sign of longitudinal spread of the cancer. However,
asymmetric bile duct wall thickening without a rigid inner

May 10, 2011 | Volume 2 | Issue5 |



Tamada K et a/. Endoscopic diagnosis of bile duct carcinoma

Table 3 Intraductal ulytrasonography for the evaluation

of longitudinal cancer extension of extrahepatic bile duct
carcinoma

Authors and year Country Route Accuracy of IDUS
Tamada et al™”, 1995 Japan PTBD/ERCP  68% (13/19)
Inui et al™, 1998 Japan PTBD/ERCP  85% (11/13)
Fujita et al™, 1998 Japan ERCP 80% (12/15)
Menzel et al™™¥, 2000  Germany ERCP 80% (24/30)
Tamada et al™, 2001 Japan PTBD/ERCP  71% (25/35)
Tamada et al™, 2001 Japan ERCP 84% (16/19)
Kim et al™*, 2010 Korea PTBD 92% (18/19)

PTBD: Percutaneous transhepatic biliary drainage; ERCP: Endoscopic
retrograde cholangiopancreatography.

edge without an irregular outer marginal border should
be judged as a sign of inflammation*".

On IDUS findings, Inoue evaluated the asymmetry of
the thickened bile duct wall by measureing the maximum
thickening of the medial hypoechoic layer and the mini-
mum thickening of this layer. The maximum/minimum
thickening rate of the cancer spread site and the non-

Our research group has already reported that in pa-
tients who had not undergone biliary drainage, 95% did
not show bile duct wall thickening over 1.8 mm at the
common hepatic duct on IDUS images via the transpap-
illary route, when they did not have primary sclerosing
cholangitis or longitudinal cancer extension along the bile
duct™. Once a biliary catheter was inserted, accuracy
of IDUS in assessing longitudinal cancer extension was
7195720/, 1101421431

Transpapillary IDUS prior to biliary drainage is use-
ful to reduce artifacts associated with bile duct drainage
tubes. When employing this technique any asymmetrically
bile duct wall detected with IDUS was judged to be a
phenomenon of longitudinal tumor spread allowing for
an accuracy of 85%'"*. In the remaining 15% of pa-
tients, at the border of the longitudinal cancer extension,
the thickening of the mucosal spread was too thin to be
visualized on IDUS. The results of IDUS in this area are
listed in Table 3.

POCS

Itoi et al™" suggested that NBI cholangioscopy is ex-
pected to make it possible to detect not only polypoid
lesions but also flat superficial cancerous lesions. They
also suggested some limitations of this method. First,
observation of the proximal portion of the biliary tumor
was possible only in limited cases, since the cholangio-
scope could not easily be passed through. Secondly,
submucosal cancerous progression with non-neoplastic
bile-duct epithelium could not be identified even by NBIL
These data suggest that POCS by using NBI is limited in
cases that show surface structure changes at this stage.
IDUS should be conducted to compensate for this limi-

. 137,139 . .
tation”""". Until now, only one report has described the
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utility of POCS in evaluating the longitudinal cancer ex-
tension of extrahepatic bile duct carcinoma in contrast to
PTCS (Table 4).

The development of a baby scope the size of “Spy-
Glass” and with excellent image quality is warranted.

ocT

Since OCT has an axial resolution 10-fold better than that
of high-frequency ultrasound, and its depth penetration
is limited to approximately 1 mm »s 10 mm for a 20 MHz
ultrasound probe{go’gu, this modality is expected to be uti-
lized for the diagnosis of longitudinal cancer extension.
Unfortunately, there is no previous report of OCT in this
area.

CONCLUSION

When US shows dilatation of the bile duct, MRCP fol-
lowed by EUS is the next step to diagnose bile duct car-
cinoma. When US or EUS shows localized bile duct wall
thickening, ERCP should be conducted with IDUS and
forceps biopsy (Figure 2). FISH increases the sensitiv-
ity of brush cytology with similar specificity. In patients
with papillary (polypoid) type bile duct carcinoma, three
biopsies ate sufficient for the diagnosis. In patients with
nodular-type bile duct carcinoma, multiple biopsies are
warranted, and IDUS can compensate for the limita-
tions of biopsies. In patients with pancreatic cancer, the
sensitivities of forceps biopsy and brush cytology are
low. In patients with hilar cholangiocarcinoma, dynamic
MDCT provides excellent information for the detection
of vascular invasion. In patients with extrahepatic bile
duct carcinoma, the combination of MDCT and IDUS is
useful to evaluate vascular invasion and cancer depth in-
filtration (Figure 3). However, assessment of lymph node
metastases is difficult. In cholangiocarcinoma, assessment
of longitudinal cancer spread is important. Its extension
consists of mucosal (supetficial) or submucosal (invasive)
infiltration depending on the tumor growth pattern. Mu-
cosal extension is predominantly seen with papillary and

nodular tumors, while submucosal extension is mainly
seen with infiltrating and nodular-infiltrating tumors.
The length of longitudinal extension is determined by
the type of invasion, with a mean length of 6-10 mm for
submucosal spread and 10-20 mm for mucosal spread.
The combination of IDUS and MDCT is useful for re-
vealing submucosal cancer extension, which is common
in hilar cholangiocarcinoma. To estimate mucosal exten-
sion, which is common in extrahepatic bile duct carci-
noma, the combination of IDUS and cholangioscopy is
required. The utility of current POCS is limited by the
maneuverability of the “baby scope”. The new thin baby
scope (10 Fr), called “SpyGlass”, has potential, if the im-
age quality can be improved. In patients with unresectable
cholangiocarcinoma, EUS-FNA is useful to compensate
for the negative results of ERCP tissue sampling.

Since extrahepatic bile duct carcinoma is common in
the Far East, many researchers (histopathologists, sut-
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Table 4 Cholangioscopy for the evaluation of longitudinal cancer extension of extrahepatic bile duct carcinoma

Authors and year Country Modality Accuracy

Tamada et al™, 1995 Japan PTCS + mapping biopsy; PTCS + mapping biopsy + IDUS 80% (12/15); 93% (14/15)
Sato et al*?, 1998 Japan PTCS 81% (13/16)

Kawakami et al”, 2009 Japan POCS; POCS + mapping biopsy 77% (10/13); 100% (13/13)
Kim et al™, 2010 Korea PTCS + mapping biopsy; PTCS + mapping biopsy + IDUS 90% (18/20); 95% (18/19)

IDUS: Intraductal ultrasonography; PTCS: Percutaneous transhepatic cholangioscopy; POCS: Peroral cholangioscopy.

Abdominal discomfort
Elevation of hepatobiliary enzyme

l

us

Tumor(+) Bile duct dilatation (+) Bile duct dilatation(-)

MRCP
Irregularity (+) Irregularity (() ———————> Follow

EUS
Wall thickening (+) Wall thickening (-) ——— > Follow

ERCP (IDUS + biopsy/brushing)
Path: positive Path: negative Path: negative
IDUS: sessile tumor IDUS: no sign of malignancy

tumor greater than 10 mm
interrupted wall strictures

l

Surgery Re-biopsy (repeated ERCP) Follow

Figure 2 Diagnostic methods for extrahepatic bile duct carcinoma without jaundice. US: Ultrasonography; MRCP: Magnetic resonance cholangiopancreatogra-
phy; EUS: Endoscopic ultrasonography; ERCP: Endoscopic retrograde cholangiopancreatography; IDUS: Intraductal ultrasonography.

Jaundice

|

us

!

Dynamic CT (staging)
Unresectable Potentially resectable

|

ERCP (IDUS + biopsy/brushing + NBD)

Unresectable Resectable
ERCP (Biopsy/brushing + stenting) / \
Path: positive Negative
l Infiltrating tumor Papillary/nodular tumor
EUS-FNA
POCS?

: the utility is limited

e

Chemotherapy Surgery

Figure 3 Diagnostic methods for extrahepatic bile duct carcinoma with jaundice. US: Ultrasonography; CT: Computed tomography; NBD: Naso-biliary drainage;
EUS-FNA: Endoscopic ultrasonography-guided fine needle aspiration; ERCP: Endoscopic retrograde cholangiopancreatography; IDUS: Intraductal ultrasonography;
POCS: Peroral cholangioscopy.
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geons, radiologists, and endoscopists) in Japan and Korea

contributed these studies, especially, the evaluation of

longitudinal cancer extension, as shown in Table 3 and

references.
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