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Cholangiocarcinoma is the most common malignancy
of the biliary system and accounts for about 3% of all GI
malignancies.!? Nevertheless, there appears to be a world-
wide increase in its incidence and mortality.3* Cholangio-
carcinoma is classified into intrahepatic and extrahepatic
tumors. Extrahepatic cholangiocarcinoma involves the
confluence of the right and left hepatic ducts (perihilar
carcinomas) in 70% to 80% of cases. About 20% to 30% of
cholangiocarcinomas arise more distally. Distal bile duct
tumors are defined as those arising between the junction
of the cystic duct-bile duct and the ampulla of Vater.
Diffuse involvement of the ducts is rare and occurs in less
than 2% of cases.> Cholangiocarcinoma usually is diag-
nosed at an advanced stage, resulting in overall poor
prognosis of this tumor. Patients with T1 stage tumor who
undergo resection have an excellent prognosis, with a
cumulative 5-year survival rate of about 100%.° T1 stage
tumors are confined to the bile-duct wall and are limited to
the mucosa or fibromuscular layer of the bile duct and do
not usually present with lymph node metastases. There-
fore, a detection of bile duct carcinoma in T1 stage is
critical for long-term survival. Serum alkaline phosphatase
and gamma glutamyl transferase levels are elevated in
only 40% of these patients, and 40% of patients are not
icteric. Cholangiocarcinoma typically presents clinically
as biliary strictures. These strictures remain a diagnostic
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dilemma because a significant proportion of them remain
inconclusive for malignancy despite a thorough radio-
logic, endoscopic, and laboratory evaluation. Biliary
strictures are considered indeterminate when basic
work-up, including transabdominal imaging and ERCP
with routine cytologic brushing and/or endoscopic bi-
opsy, are nondiagnostic.

Early and accurate diagnosis impacts not only patients’
outcomes and possible surgical candidacy but also poten-
tial targeted chemotherapies.

EUS has become a valuable tool in the evaluation of
lesions in the GI tract as well as in the pancreaticobiliary
system. It has the advantage of being able to provide real-
time imaging of the GI tract and adjacent organs as well as to
obtain tissue through FNA. EUS-guided FNA (EUS-FNA) has
a sensitivity of about 85% and a specificity approaching 100%
for the diagnosis of pancreatic tumors.”® The role of EUS in
evaluating patients with indeterminate biliary strictures and
suspected extrahepatic cholangiocarcinoma is still not well-
defined. This review outlines the work-up recommended to
investigate such patients, with a focus on the role of EUS to
provide a definitive diagnosis.

RADIOLOGIC WORK-UP

Transabdominal US usually is the initial diagnostic mo-
dality used to investigate suspected biliary pathology but
does not reliably examine the distal common bile duct
because of the interference of bowel gas.” Abdominal CT
is useful for work-up of patients with suspected cholan-
giocarcinoma. However, it has suboptimal sensitivity for
the detection of early tumors.!%!! In addition, other short-
comings of CT are its suboptimal sensitivity of 54% for
detection of regional lymph nodes and its tendency to
underestimate the extent of proximal tumors.'?!3 Since its
introduction in 1991, MRCP has emerged as an accurate,
noninvasive modality for biliary imaging.!>1°© However, its
specificity and positive predictive values are suboptimal
because it cannot reliably distinguish malignant strictures
from other strictures caused by benign etiologies.!”!8
Moreover, the accuracy of MRCP in the assessment of
vascular involvement and hepatic parenchyma involve-
ment is only 67% to 73% and 78% to 80%, respectively.!?20
Nevertheless, some ductal features on MRCP may suggest
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malignant or benign etiology of biliary strictures. Malig-
nancy is suggested by long (>10 mm), asymmetric, and
irregular strictures. However, these criteria are not partic-
ularly sensitive or specific.?! Therefore, unless abdominal
imaging detects biliary mass lesions, further endoscopic
work-up is usually warranted to determine the etiology of
biliary strictures.

ERCP

Intraductal brushing during ERCP remains the first-line
approach for tissue sampling of biliary strictures because
of its wide availability and technical ease in most cases.
However, most studies report a poor sensitivity of 27% to
56%.2*% Multiple strategies have been used to improve
the sensitivity, with marginal benefit. These have included
novel brushing devices,?" biliary stricture dilation with
subsequent brushings,®' repeated brushings,?! endoscopic
needle aspiration,2® immunohistochemistry testing,3? and
mutational analysis.>? Inadequate biliary cytology speci-
mens remains the main reason for nondiagnostic samples
during ERCP. This may be overcome by the presence of an
on-site cytopathologist or technician, which allows real-
time assessment of cytology samples and may decrease
the likelihood of inadequate samples and improper sam-
ple preparation (similar to the practice with EUS-FNA).3

Endobiliary forceps biopsy of biliary strictures during
ERCP is another endoscopic technique used in routine
clinical practice for sampling biliary strictures. In general,
forceps biopsies have had the highest yield when com-
pared with brush cytology and percutaneous biopsy. Can-
cer detection rates by using endobiliary forceps range
from 44% to 89% for cholangiocarcinoma and 33% to 71%
for pancreatic cancer.’"37 However, endobiliary biopsy
remains technically challenging (especially for proximal
biliary strictures), and complications, including bleeding
and biliary perforation, have been described.

ANCILLARY CYTOLOGY TECHNIQUES

Chromosomal abnormalities are typically seen in biliary
tract malignancies. New ancillary cytologic techniques,
such as fluorescence in situ hybridization (FISH) and dig-
ital imaging analysis (DIA), have been used recently to
improve the sensitivity of routine cytology for the diagno-
sis of malignancy in pancreatobiliary strictures. FISH anal-
ysis detects chromosomal polysomy by using fluorescent
probes, whereas DIA technique quantifies nuclear DNA
via special stains to assess for the presence of aneu-
ploidy.3%3%32 Only 80% of pancreaticobiliary malignancies
manifest these cellular alterations. Therefore, the sensitiv-
ity of these advanced techniques is still not optimal. Levy
et al?® found that FISH improves sensitivity 14% to 24%
when routine cytology is negative. Fritcher et al3? found
that patients with abnormal FISH results were 77 times
more likely to have carcinoma than those with normal

FISH results. They also found that DIA had a higher sen-
sitivity (44.8%) than cytology; however, specificity was
significantly lower at 89.1%, and DIA was not found to be
a significant independent predictor of malignancy.3?
Therefore, FISH seems to be a more valuable ancillary
cytologic technique for the evaluation of indeterminate
biliary strictures. Tt is particularly useful in biliary malig-
nancy because it requires fewer cells for analysis than
routine cytology or flow cytometry. A recent report stud-
ied the additional value of including deletion of 9p21
(p16) in the diagnostic criteria of FISH for malignant biliary
strictures.® This addition significantly improved the sen-
sitivity of FISH from 47% to 84%.

It is crucial to realize that benign strictures in patients with
primary sclerosing cholangitis may manifest chromosomal
abnormalities and, thus, the specificity of FISH in this setting
is lower than that of routine cytology, ranging from 67% to
88%.41 However, the sensitivity of FISH for malignancy in this
setting is still higher than that of routine cytology at 72%.% In
conclusion, FISH increases the sensitivity of brush cytology
of indeterminate biliary strictures at the expense of a lower
specificity. Therefore, FISH should be reserved for patients
with high pretest probability for malignant strictures (eg,
primary sclerosing cholangitis patients with new dominant
strictures, patients with persistent elevation of CA 19-9 levels
despite biliary decompression).

CHOLANGIOSCOPY

Percutaneous cholangioscopy is effective in visualizing
the biliary tree but requires percutaneous biliary access
and repeated dilations for acceptance of the cholangio-
scope. The use of “mother-baby” cholangioscopes has
fallen out of favor because of the requirement for two
operators, fragility, suboptimal irrigation systems, and lack
of 4-way tip deflection.?

WIRE-GUIDED DIRECT CHOLANGIOSCOPY

The Spyglass direct visualization system (Boston Sci-
entific, Natick, Mass) allows for single-operator cholan-
gioscopy (SOC).*% Chen et al* conducted a large-
scale, multicenter, prospective, observational study of
SOC procedures in 297 patients with biliary strictures
and/or stones and aimed to provide confirmatory evi-
dence that direct visualization by using the SOC system
can aid in the diagnosis of biliary disease and facilitate
stone therapy. The overall procedure success rate was
89%. SOC visual impression had a sensitivity, specificity,
positive predictive value and negative predictive value
for diagnosing malignancy of 78%, 82%, 80%, and 80%,
respectively. For SOC-directed biopsy, the respective
results were 49%, 98%, 100%, and 72%. Sensitivity was
higher for intrinsic bile duct malignancies as compared
with nonintrinsic malignancies (84% and 66%, respec-
tively). Diagnostic SOC procedures altered clinical man-
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Figure 1. EUS demonstrating hypoechoic bile duct mass suggestive of
cholangiocarcinoma. EUS-FNA was diagnostic of cholangiocarcinoma.

agement in 64% of patients. The incidence of serious
procedure-related adverse events was 7.5% for diagnos-
tic SOC. Ramchandani et al*’ recently described a sen-
sitivity of 95% and specificity of 79% for visual impres-
sion during SOC in 36 patients with indeterminate
biliary strictures. Both sensitivity and specificity were
82% after using cholangioscopic biopsies.*” These re-
sults suggest a benefit of SOC in patients with indeter-
minate biliary strictures. Visual impression of malig-
nancy is an integral part of cholangioscopy, especially
when the yield of biopsies is suboptimal. The presence
of “tumor vessels” within biliary strictures during
cholangioscopy was found to indicate biliary malig-
nancy.*® These irregular, dilated vessels are due to neo-
vascularization at the site of the stricture because of
tumor growth. Their presence has specificity up to 100%
for malignancy.*® However, the interobserver variability
and reproducibility of such visual criteria are not
known. Intraductal nodules and masses can be visual-
ized during cholangioscopy and are indicative of malig-
nancy.*® However, these ductal findings are visualized
in only a fraction of patients with cholangiocarcinoma.

SUPRAVITAL DYE-ASSISTED CHOLANGIOSCOPY

Biliary mucosal changes can be further delineated by
using methylene blue-aided cholangioscopy. In a feasibility
study, Hoffman et al>® showed that normal and nondysplastic
mucosa were characterized by a homogenous light blue
staining pattern, whereas inflamed and dysplastic mucosa
were characterized by intense and inhomogeneous dark blue
staining. More studies are needed to depict the utility of
chromoendoscopy during cholangioscopy.

Figure 2. A, EUS revealing a small distal bile duct mass with a stent seen
in the bile duct. The mass abuts the portal vein. The superior mesenteric
artery is not involved and is seen posterior to the portal vein. B, EUS
demonstrating a hypoechoic distal bile duct mass invading the duodenal
wall. PV, portal vein.

PROBE-BASED CONFOCAL LASER
ENDOMICROSCOPY

Confocal laser endomicroscopy permits real-time histo-
logic evaluation during endoscopy. Probe-based confocal
laser endomicroscopy (pCLE) can be used to generate
microscopic information during ERCP.>! The Cholangio-
Flex probe (Mauna Kea Technologies, Paris, France) is
specially designed for pCLE during ERCP procedures. In a
feasibility prospective study on 14 patients with indeter-
minate biliary strictures, Meining et al>? predicted neopla-
sia with a sensitivity of 83%, specificity of 88%, and accu-
racy of 86%. In a larger study of 102 patients with
indeterminate pancreaticobiliary strictures, the overall di-
agnostic accuracy of pCLE was 81%.%3->% Accuracy for com-
bination of ERCP and pCLE was significantly higher com-
pared with ERCP with tissue acquisition alone (90% vs
73%; P=.001). Biliary pCLE is still in its infancy and requires
further study before its routine use in the work-up of inde-
terminate biliary strictures is recommended. The effect of
prior stenting on the accuracy of pCLE and the intraobserver
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TABLE 1. Summary of published studies on the role of preoperative EUS morphology in staging of cholangiocarcinoma

Publication No. Accuracy of tumor
First author year patients staging (%)
Mukai®> 1992 16 81
Tio*® 1993 46 66
Sugiyama®’ 1997 19 Not reported

Accuracy of node Accuracy of predicting portal vein
staging (%) invasion (%)
81 88
64 Not reported
Not reported 100

and interobserver agreement of pCLE in the evaluation of
biliary strictures need further study.

EUS

EUS allows detailed examination of the extrahepatic
biliary tree because of the proximity of the US probe in the
proximal duodenum to the bile duct. Examination of the
bile duct is typically started with the echoendoscope situ-
ated at the ampulla. By slowly withdrawing and rotating
the echoendoscope toward the pylorus region, the entire
bile duct can be examined. A second position to examine
the bile ducts is a long endoscope position in the duode-
nal bulb, where it is often possible to obtain a longitudinal
image of the duct. Both the bile duct bifurcation into the
left and right main intrahepatic ducts and bile duct inser-
tion into the ampulla should be identified to ensure com-
plete examination of the extrahepatic bile duct. Bile duct
masses typically appear as hypoechoic lesions on EUS
(Fig. 1. The relationship of the mass to the hepatic paren-
chyma, portal vasculature, and hepatic arteries should be
scrutinized to stage the tumor and assess for resectability
(Fig. 2A and B).

EUS STAGING OF CHOLANGIOCARCINOMA

EUS is an important addition to the armamentarium of
available imaging techniques used to stage and assess
resectability of cholangiocarcinoma. Endosonographic
staging of cholangiocarcinoma is based on the tumor,
nodes, metastasis system. Several studies evaluated the
use of EUS for preoperative staging of extrahepatic bile
duct tumors (Table 1).55-57 EUS has high accuracy (88%-
100%) for predicting portal vein invasion and performs
better than transabdominal US, CT, and angiography in
this aspect.>>>” In a recent, large, single-center study, EUS
was more sensitive in predicting surgical unresectability
than was CT scanning (53% vs 33%), but combining the
two modalities increased this sensitivity to 73%.>%

In terms of nodal staging, EUS has the highest sensitiv-
ity for the assessment of regional lymph nodes and allows
for FNA of suspicious lymph nodes.>® Gleeson et al®
performed EUS-FNA on 47 patients with hilar cholangio-
carcinoma being considered for liver transplantation. The
goals of this study were to examine the performance of

EUS-FNA for lymph node detection in this setting as
compared with CT/magnetic resonance imaging and to
identify features of malignant nodes in patients with chol-
angiocarcinoma.®® EUS identified lymph nodes in all pa-
tients, and a total of 70 regional lymph nodes were found,
with 9 (in 8 patients) of 70 (18%) confirmed as malignant
by pathologic examination. Therefore, 17% of patients
were spared the cost and morbidity of an unnecessary
staging laparotomy. There was no significant relationship
between the echogenic and morphologic features of
lymph nodes and final cytologic results. EUS detected 12
more patients with lymph nodes than did standard imag-
ing studies (CT or magnetic resonance imaging). Two
patients who had negative nodes by EUS were found to
have malignant perigastric lymph nodes on surgical ex-
ploration. Thus, known features of metastatic nodal dis-
ease (round shape, well-demarcated borders, hypoechoic
texture, and enlarged size)°! are inaccurate in predicting
malignant nodes in the setting of cholangiocarcinoma. The
authors suggested that EUS-FNA of all visualized lymph
nodes irrespective of appearance is advised because mor-
phologic and echo features do not predict malignant in-
volvement. Tt is worth mentioning that metastasis to re-
gional lymph nodes does not change the surgical resection
plan in patients not considered for liver transplantation.
However, it remains to be seen whether EUS-FNA of
lymph nodes may play a role in better selection of patients
who may benefit from neoadjuvant chemoradiation ther-
apy before curative resection.203

Other studies showed lower sensitivity of EUS for de-
tecting nodal metastasis in cholangiocarcinoma.>® This is
likely because FNA of benign-appearing lymph nodes was
not performed. EUS elastography may play a role in better
targeting nodes with high-risk elastographic features and
in reducing the number of false-negative cases and punc-
ture times (Video 1, available online at www.giejournal.
org).0405 However, the role of EUS elastography in the
setting of cholangiocarcinoma remains to be studied and is
unlikely to completely replace FNA.

EUS-FNA FOR DIAGNOSIS OF
CHOLANGIOCARCINOMA

Approximately 13% to 24% of patients with presumed
hilar cholangiocarcinoma are found to have benign dis-
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All biliary Hilar
Publication strictures strictures

First author year Study design (no.) (no.)
Fritscher-Ravens’? 2000 Prospective 10 10
Fritscher-Ravens’3 2004 Prospective 44 44
Eloubeidi’* 2004 Prospective 28 15
Byrne’s 2004 Retrospective 35 3
Lee’® 2004 Retrospective 40 1
Résch?’ 2004 Prospective 50 1
Meara’® 2006 Prospective 46 NR
Dewitt’? 2006 Prospective 24 24
Mohamadnejad®® 2011 Prospective 81 30

TABLE 2. Summary of published studies on EUS-FNA of indeterminate biliary strictures*

Sensitivity of Sensitivity of EUS- Sensitivity of
Mass seen on EUS-FNA for FNA for proximal EUS-FNA for
radiologic Mass seen all biliary extrahepatic biliary distal biliary
imaging (%) on EUS (%) strictures (%) strictures (%) strictures (%)

NR 100 80 80 NA

NR 98 89+ 89+ NA

33 89 75 NR NR

NR 71 86 NR NR

0 25 47 NR NR

NR NR 43 25 60

NR NR 87+ NR NR

39 96 77 77 NA

30 (CT), 42 (MRI) 94 73§ 59§ 81

NR, Not reported; NA, not applicable.

*No complications in any studies.

tIncludes the 10 patients reported in reference 72.
#Includes 28 patients reported in reference 74
§includes 24 patients reported in reference 79.

ease after surgical resection.%7 Therefore, accurate pre-
operative diagnosis is paramount to avoiding unnecessary
surgery, and patients with suspected cholangiocarcinoma
should preferably have a confirmatory cytopathologic di-
agnosis before curative radical resection is attempted. Al-
though pancreaticoduodenectomy (Whipple resection) is
required for surgical resection of distal cholangiocarci-
noma, partial hepatectomies are frequently performed for
treatment of perihilar (Klatskin) tumors. These proce-
dures are associated with significant morbidity rate of 37%
to 64% and mortality of 8% to 10%.%7! The difficulty is
amplified when there is an attempt to discern malignant
from nonmalignant strictures in patients with primary scle-
rosing cholangitis, because this affects transplantation
decisions.

EUS-FNA of suspected extrahepatic cholangiocarci-
noma can be technically difficult, especially in Klatskin
tumors. These tumors are best visualized from the prepy-
loric or postpyloric position, which is difficult to maintain
during the puncture process. Performing FNA in the “long
position” may help prevent this problem because the gas-
tric greater curvature provides support against the force
exerted by needle puncture of the tumor. Multiple studies
have reported on the use of EUS-FNA for the diagnosis of
extrahepatic cholangiocarcinoma (Table 2).587>79 Advan-
tages of EUS-FNA in this setting are multiple and are
summarized in Table 3. The reported sensitivity of EUS-
FNA for the diagnosis of cholangiocarcinoma in patients
with indeterminate extrahepatic biliary strictures ranges
between 43% and 89%, with most studies reporting sensi-
tivities greater than 70% (Table 2). This relatively high
sensitivity actually represents an incremental yield above
prior imaging and ERCP, because most of these studies
included patients with nonrevealing imaging and nondi-

TABLE 3. Advantages of EUS-FNA in patients with

suspected extrahepatic cholangiocarcinoma

High sensitivity for diagnosis of cholangiocarcinoma in
patients with prior negative imaging and nondiagnostic
ERCP with brushing

Ability to visualize bile duct mass lesions not previously
seen on abdominal imaging

Ability to visualize regional and distant lymph nodes not
previously seen on abdominal imaging

Avoid unwarranted surgical interventions by diagnosing
metastatic spread to distant lymph nodes

Avoid unwarranted surgical interventions by diagnosing
benign disease

Avoid liver transplantation by diagnosing metastatic
spread to regional or distant lymph nodes

Provide alternative diagnoses not treatable by surgical
resection (eg, lymphoma, metastasis)

Aid in triaging patients to alternative therapies (eg,
photodynamic therapy, chemoradiation therapy)

agnostic ERCP (ie, negative routine cytology). A definite
mass is seen on radiologic imaging in only a third of
patients with extrahepatic cholangiocarcinoma.>®747 In
contrast, most studies reported visualization of biliary
mass lesions during EUS in the majority of patients (Table
2) (Video 2, available online at www.giejournal.org). EUS-
FNA is, thus, feasible in most cases because a mass can be
visualized (Fig. 3A-F) (Video 2). Occasionally, bile duct
wall thickening rather than a mass is visualized by EUS. In
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Figure 3. A, EUS showing a bile duct mass that was missed by a CT scan and magnetic resonance imaging. B, Biliary dilation was present proximal
to the stenosis. C, EUS-FNA was performed and was diagnostic of cholangiocarcinoma. D, ERC was performed during the same session, and
cholangiography revealed a distal biliary stricture. E, F, A self-expandable metal biliary stent was placed.

these instances, careful FNA of the thickened duct wall can
be attempted by using a 22-gauge or a 25-gauge FNA
needle.

Two clinical aspects may impact the sensitivity of EUS-
FNA of indeterminate extrahepatic biliary strictures: loca-
tion of stricture (proximal vs distal) and the presence of a
bile duct stent. Mohamadnejad et al>® compared sensitivity
of EUS-FNA of proximal and distal cholangiocarcinoma

and found significantly lower sensitivity for proximal tu-
mors (59% vs 81%; P = .04, respectively). This could be
explained by the relative ease of visualizing and sampling
distal bile duct lesions. In contrast, proximal lesions are
further from the tip of the echoendoscope and are closer
to the liver parenchyma, rendering their diagnosis and
sampling more challenging. Although the presence of a
bile duct stent could provide a point of reference and may
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facilitate identification of a bile duct tumor, the stent itself
may produce significant acoustic shadowing that interferes
with sonographic imaging of the tumor. In addition, the
presence of the stent through a bile duct tumor limits
access to and FNA of the contralateral side of the tumor.>
In a closely related tumor, the impact of biliary stents on
the accuracy of staging of pancreatic head cancers remains
controversial.5%%! Some studies found that the presence of
a biliary stent did not negatively impact the yield of EUS-
FNA where high diagnostic sensitivity was reported.”

From a practical standpoint, most patients who present
for EUS-FNA for suspected cholangiocarcinoma would
have undergone ERCP with biliary stenting for diagnosis
(ie, brushing) and treatment of biliary obstruction (e,
stenting). Therefore, most patients will have a biliary stent
in place. Whenever feasible, EUS-FNA should be per-
formed immediately before placement of biliary stents to
improve diagnostic and staging accuracy of suspected
biliary tumors and eliminate the subsequent risk of cholan-
gitis arising from inadvertently contaminating the ob-
structed biliary system during FNA.

SAFETY OF EUS-FNA IN PATIENTS WITH
SUSPECTED EXTRAHEPATIC
CHOLANGIOCARCINOMA

EUS-FNA has been reported to be relatively safe and
without significant adverse events reported (Table 2). The
risk of cholangitis is decreased by establishing biliary
drainage with stent placement before or immediately after
the EUS procedure. Nevertheless, some experts discour-
age percutaneous or EUS-FNA of primary biliary lesions in
patients who are potential candidates for curative-intent
surgery because of the potential for tumor spread.’*” For
example, the Mayo Clinic protocol for liver transplantation
of cholangiocarcinoma considers aspiration of the primary
tumor as a contraindication to proceeding with neoadju-
vant therapy and liver transplantation.®®82 Tumor seeding
has been reported in hepatocellular carcinoma after trans-
abdominal FNA.®3 In addition, there have been a few
reports of tumor seeding to the peritoneum and the skin
from percutaneous biliary catheters.®* However, no cases
of tumor seeding because of EUS-FNA of extrahepatic
cholangiocarcinoma have been reported. This is obviously
less of an issue in cases of distal tumors because the site of
puncture (proximal duodenum) is usually resected during
pancreaticoduodenectomy. For proximal tumors, the
small theoretical risk of tumor seeding should be carefully
considered before FNA of a potentially resectable cholan-
giocarcinoma until further data become available.

INTRADUCTAL US

ERCP with intraductal US (IDUS) also has been used to
improve the diagnostic yield of biliary strictures.®>7 IDUS
is performed by over-the-wire insertion of a small and

Figure 4. Intraductal US showing a bile duct mass and surrounding
lymph nodes.

high-frequency US probe into the biliary system through a
standard duodenoscope under fluoroscopic guidance.®
IDUS provides local staging required to select patients
who would benefit from surgical resection when a malig-
nancy is identified.®” IDUS has consequently emerged as
an adjunct to ERCP in the evaluation of biliary strictures.
Sonographic features seen during IDUS that are suggestive
of malignancy include eccentric wall thickening with an
irregular surface, a hypoechoic mass, heterogeneity of the
internal echo pattern, a papillary surface, disruption of
the normal 3-layer sonographic structure of the bile duct,
the presence of lymph nodes, and vascular invasion (Fig.
4).%0 The accuracy of these criteria in patients with biliary
strictures ranges from 83% to 90%.5891.92 IDUS has been
shown to improve the diagnostic accuracy of ERCP (with
routine cytology) to 58% to 90%.5791.93 The main limitation
of IDUS is that it does not provide tissue diagnosis, which
guides therapeutic interventions, especially in inoperable
patients. In addition, the benefit of IDUS is limited in the
repeated evaluation of strictures, because the presence of
a previously placed biliary stent affects its diagnostic
yield.”® Lee et al’® favored EUS to IDUS, given that their
patients typically had prior stents placed for the treatment
of indeterminate strictures. Despite the cost and fragility of
IDUS probes, IDUS may still have a role in concert with
EUS, especially in patients without prior stent placement
or in those with proximal biliary (eg, hilar strictures) le-
sions, where EUS has shown suboptimal accuracy.>®57

EUS AND CHOLANGIOCARCINOMA: MOVING
FORWARD

Indeterminate biliary strictures should be considered
malignant until proven otherwise. Accurate preoperative
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diagnosis of extrahepatic cholangiocarcinoma is difficult.
Although new endoscopic (eg, SOC) and cytologic (eg,
FISH) techniques have improved the sensitivity for diag-
nosing suspected cholangiocarcinoma, differentiation be-
tween benign and malignant biliary strictures remains
challenging. EUS-FNA plays a major role in improving the
diagnostic yield in these patients and should be incorpo-
rated in the evaluation of patients with indeterminate bil-
iary strictures. EUS visualizes bile duct mass in a majority
of patients. Although endosonographic examination of the
bile duct is challenging, EUS-FNA has multiple advantages,
including providing a definitive cytologic diagnosis, pre-
dicting surgical resectability, and triaging of patients to
alternative treatments (eg, liver transplantation, photody-
namic therapy, chemoradiation therapy). The notional risk
of tumor seeding should be taken into consideration be-
fore FNA of a potentially resectable tumor. Larger and
long-term prospective studies are needed to assess the risk
of seeding after EUS-FNA. Last, all studies reporting on
EUS-FNA of cholangiocarcinoma have come from expert
centers. It is important to study how EUS-FNA of sus-
pected cholangiocarcinoma performs in community prac-
tices, especially given the expertise needed to localize and
sample such tumors.
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