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Abstract

Biliary strictures present a diagnostic challenge, especially when no etiology can be ascertained after laboratory evaluation,
abdominal imaging and endoscopic retrograde cholangiopancreatography (ERCP) sampling. These strictures were tradition-
ally classified as indeterminate strictures, although with advances in endoscopic techniques and better understanding of
hepato-biliary pathology, more are being correctly diagnosed. The implications of missing a malignancy in patients with bil-
iary strictures—and hence delaying surgery—are grave but a significant number of patients (up to 20%) undergoing surgery
for suspected biliary malignancy can have benign pathology. The diagnostic approach to these patients involves detailed
history and physical examination and depends on the presence or absence of jaundice, level of obstruction, and presence or
absence of a mass lesion. While abdominal imaging helps to find the level of obstruction and provides a ‘road map’ for fur-
ther endoscopic investigations, tissue diagnosis is usually needed to make decisions on management. Initially ERCP was
the only modality to investigate these strictures but now, with the development of endoscopic ultrasound with fine needle
aspiration and the availability of newer techniques such as intraductal ultrasound, single-operator cholangioscopy and con-
focal laser endomicroscopy, the diagnostic approach to biliary strictures has changed significantly. In this review, we will fo-
cus on the decision-making process for patients with biliary strictures and discuss the key decision points that should dic-
tate further diagnostic investigations at each step.
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Background

Biliary strictures frequently present a challenge in terms of di-
agnosis, which requires a multidisciplinary approach.
Traditionally, biliary strictures have been considered to be inde-
terminate when a diagnosis cannot be made after basic labora-
tory work-up, abdominal imaging and endoscopic retrograde

cholangiopancreatography (ERCP) with biliary sampling.
Alhough up to 30% of biliary strictures can be benign [1], the
vast majority are malignant, the two major malignancies being
pancreatic adenocarcinoma and cholangiocarcinoma. Final de-
termination of malignancy in biliary strictures can entail major
surgery if pre-operative diagnosis of malignancy cannot be
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made. The surgical literature suggests that approximately
15–24% patients undergoing surgical resection for suspected bil-
iary malignancy have benign etiology, but there are no clinical
or radiological features to reliably distinguish benign from ma-
lignant biliary strictures [2–6]. A pre-operative determination of
malignancy is therefore highly desirable, to help plan appropri-
ate treatment including the need for- and type of surgery. In
this review, we will discuss the etiologies and then focus on ra-
diological and endoscopic work-up of patients with biliary stric-
tures, including the role of emerging technologies.

Important etiologies of biliary strictures

The exact incidence of biliary strictures is not known and esti-
mates are available only for post-cholecystectomy strictures re-
lated to bile duct injuries. Although biliary strictures are usually
noted on ERCP or magnetic resonance cholangio-pancreatogra-
phy (MRCP) in patients with obstructive jaundice, they are
sometimes observed in non-jaundiced patients with or without
liver chemistry abnormalities. All bile duct strictures in patients
with obstructive jaundice should be considered malignant un-
less a benign etiology is definitively identifiable. The signifi-
cance of biliary strictures without jaundice is less certain and a
much lower proportion of these are malignant. The most com-
mon causes of benign biliary strictures include iatrogenic (post
liver transplant or cholecystectomy), chronic pancreatitis, pri-
mary sclerosing cholangitis, autoimmune diseases (pancreatitis
or cholangitis), Mirizzi syndrome and ischemic cholangiopathy
(Table 1). Malignant bile duct strictures are usually due to pan-
creatic adenocarcinoma and cholangiocarcinoma and are less
commonly caused by metastatic cancer of the pancreas or liver,
ampullary tumors growing into the bile duct, gall bladder cancer
obstructing the bile duct or malignant periportal lymph nodes.
Pancreatic adenocarcinoma is the most important consider-
ation in patients with distal common bile duct (CBD) strictures.
It may present with identifiable mass lesion but in our clinical
practice, in about half of patients with pancreatic cancer, a
mass lesion is not identifiable by computed tomography (CT)
scan or magnetic resonance imaging (MRI) [1, 7]. A mass lesion
is usually identifiable by endoscopic ultrasound (EUS) examina-
tion in these patients, although a cytological diagnosis of malig-
nancy may be elusive in some cases. Cholangiocarcinoma is the
major consideration in patients with stricture of the mid- and

proximal extra-hepatic part of the bile duct; hence the main fo-
cus in patients with indeterminate bile duct strictures is to rule
out an underlying cholangiocarcinoma. The clinical approach to
the patient with indeterminate stricture must include a thor-
ough history and physical examination. Particular attention
must be paid to the ‘warning signs’ that suggest malignancy, in-
cluding weight loss, abdominal or back pain, worsening perfor-
mance status or history of recent surgeries (particularly in the
past year).

Laboratory testing

Conjugated hyperbilirubinemia with cholestatic pattern of liver
chemistries should be looked for in patients with biliary stric-
tures [2, 8]. Patients with obstructive jaundice have a higher
likelihood of malignancy than those with normal serum biliru-
bin levels. Abnormal liver tests, including elevated serum alka-
line phosphatase levels, were not associated with greater risk of
malignancy in patients with isolated dilation of the CBD [7,
9–12] and we believe that, even in patients with biliary stric-
tures, the presence of abnormal liver chemistries does not have
the same clinical significance or risk of malignancy as those
with obstructive jaundice. Serum CA19-9 and carcinoembryonic
antigen (CEA) are commonly used in clinical practice in patients
with suspected hepatobiliary malignancy. Serum CA19-9 levels
above 37 U/mL have a sensitivity of approximately 74% in pa-
tients with biliary malignancy but the specificity for diagnosing
malignancy is unacceptably low when this cut-off is used [8,
13]. Serum CA19-9 levels are also elevated in non-malignant
conditions including cholestasis, cholangitis, cirrhosis and
stomach cancer [9–12]. Elevated serum CEA level, commonly
used as a marker for colorectal adenocarcinoma, has also been
shown to have a sensitivity of 33–68% and specificity of 79–95%,
for cholangiocarcinoma [13]. Other tumor markers that have
been studied for diagnosis of cholangiocarcinoma include trans-
thyretin (TTR), interleukin-6 (IL-6), mucin-5AC (MUC5AC) and
matrix metalloproteinase-7 (MMP-7) [14–17]. Their utility in clin-
ical decision-making for management of patients with indeter-
minate biliary strictures is rather limited and they are not
recommended for routine clinical use.

Radiological tests
Abdominal ultrasound

Trans-abdominal ultrasonography is usually the initial imaging
modality used in patients with suspected biliary obstruction. Its
advantages include low cost, ready availability, and safety but
the diagnostic yield is user-dependent. Ultrasound has very
high sensitivity, approaching 100% in detecting intrahepatic bil-
iary dilatation and the level of obstruction, but it has a very low
yield for actual detection of strictures or masses [18–21].

Computed tomography

Computed tomography imaging has a much higher sensitivity
for detecting biliary malignancy than trans-abdominal ultra-
sound (US) (69% vs. 47%), especially for hilar lesions [22]. The de-
velopment of multi-detector helical scanners, used in
conjunction with rapid injection of contrast media, has mark-
edly improved the resolution of CT scans, providing additional
information about etiology, based on the rate of contrast uptake
and clearance by focal lesions. Ductal infiltrating cholangicarci-
noma commonly presents as a biliary stricture without a

Table 1. Etiology of biliary strictures

Benign Iatrogenic (liver transplant, cholecystectomy)
Primary sclerosing cholangitis
Chronic pancreatitis
Autoimmune pancreatitis
IgG4 related cholangiopathy
Autoimmune cholangitis
Mirizzi Syndrome
Infections (tuberculosis, viral, parasitic,

HIV cholangiopathy)
Ischemia
Vasculitis
Trauma
Radiation therapy

Malignant Pancreatic cancer
Cholangiocarcinoma
Metastatic disease with external compression

(lymph nodes)
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discreet mass. It appears as a hypo-attenuating lesion during
the arterial phase, with enhancement during the delayed phase
(this vascular filling pattern is characteristic of desmoplastic re-
action seen in bile duct tumors) [23, 24]. The overall sensitivity
of CT scan for detection of cholangiocarcinoma ranges from
40–63% but recent studies have suggested a sensitivity of up to
100% in detecting hilar malignancies during the arterial phase
[25–27]. However, multi-detector CT (MDCT) cannot reliably dif-
ferentiate malignant from benign strictures. Studies have
shown a sensitivity of 75–80% and specificity of 60–80% for pre-
dicting the nature of biliary strictures using CT imaging [28, 29].
An additional advantage of CT scanning is that it provides infor-
mation about local spread, nodal and vascular involvement, as
well as distant metastasis [26]. MDCT can help identify vascular
infiltration that determines resectability. Retrospective studies
have reported sensitivity and specificity of 86% and 97%, respec-
tively, for detecting arterial invasion and 85% and 97%, respec-
tively, for portal vein involvement. MDCT has 53% sensitivity
and 95% specificity for pre-operative determination of regional
lymph node involvement [30]. Even though it is not diagnostic
of malignancy in many patients with biliary strictures, CT scan-
ning can help in planning further diagnostic evaluation and
management.

Magnetic resonance imaging/ magnetic resonance
cholangiopancreatography

Magnetic resonance imaging is increasingly being used for
cross-sectional imaging of the abdomen in patients with biliary
obstruction. The advantages of MRCP over MDCT include the
lack of ionizing radiation, along with the ability to provide high
quality cholangiograms that can determine the location and ex-
tent of biliary strictures and help guide endoscopic therapy, par-
ticularly when ERCP is indicated. Due to the risk of acute
pancreatitis associated with ERCP, especially in low volume
centers, MRCP is preferred for the initial evaluation of patients
with biliary strictures. The ability to obtain a cholangiogram
without injection of contrast into the biliary tree is significant,
since the injection of contrast medium can result in hard-to-
treat cholangitis in patients in whom adequate biliary drainage
cannot be achieved during ERCP [31, 32]. MRCP has a high re-
ported sensitivity and specificity, similar to that of ERCP, for as-
sessing the level and morphology of biliary strictures [28, 33,
34]. A meta-analysis of 67 studies, including 4711 patients with

suspected biliary obstruction, found a sensitivity and specificity
of 98% for MRCP in determining the level of obstruction, while
the corresponding numbers were 88% and 95% for diagnosing
malignancy [35], which can be further improved with the use of
diffusion-weighted imaging (DWI) [36]. MRCP can also help in
differentiating malignant from benign strictures, with a re-
ported sensitivity of 38–90% and specificity of 70–85% [29, 37,
38], along with 88–96% accuracy in predicting the extent of in-
volvement of the bile duct by cholangiocarcinoma [34, 39]. The
disadvantages of using MR imaging include high cost, longer
imaging duration, motion artifact, and inability to obtain cyto-
logical samples for diagnosis. In our opinion, the choice be-
tween MRI/MRCP and high-resolution CT with contrast is based
on the suspected location of the biliary stricture according to
abdominal ultrasound imaging and institutional expertise.
Patients with suspected hilar obstruction (dilated intrahepatic
biliary tree without dilation of extrahepatic bile duct) benefit
more from MRI/MRCP which, besides locating the stricture and
sometimes identifying the mass, can also map the biliary tree
(Figure 1). This information is invaluable at the time of ERCP for
biliary drainage and attempts at tissue diagnosis with biliary
brushings. In patients with extra-hepatic biliary obstruction (di-
lation of both the intra- and extra-hepatic biliary tree), CT with
pancreatic protocol is likely to provide more meaningful infor-
mation and is preferred in our clinical practice.

Role of endoscopy in evaluation of biliary
strictures

Surgical resection is the preferred option in patients who have a
resectable mass with features of cholangiocarcinoma causing
biliary obstruction; however surgical resection is associated
with significant morbidity and cost. At the time of diagnosis,
the vast majority of patients with cholangiocarcinoma have
unresectable tumor and cannot undergo potentially curative R0
resection [40]; between 5% and 24% of patients undergoing sur-
gery for suspicious malignant biliary lesions have benign pa-
thology [3, 4]. Pre-operative determination of malignancy in
patients with biliary strictures is extremely helpful in the plan-
ning of treatment and avoiding exploratory surgery. In patients
presenting with painless jaundice and a mass in the head of the
pancreas, serological markers for autoimmune pancreatitis
must be obtained. A high level of serum IgG4 is a very helpful

Figure 1. Patient with obstructive jaundice. (a) MRCP showing a hilar stricture and proximal biliary dilatation. (b) ERCP in the same patient before and (c) after place-

ment of two plastic biliary stents.
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diagnostic indicator for this rare autoimmune disorder, which
has an excellent response to steroids.

ERCP and EUS are two major endoscopic modalities used in
the evaluation of patients with biliary obstruction. ERCP was
initially the only endoscopic modality for evaluation of biliary
strictures, including determination of their etiology, and was
routinely used in patients with biliary obstruction. With the
advent of EUS and intraductal ultrasound (IDUS), ERCP is not
routinely indicated in all patients with biliary obstruction, par-
ticularly for the evaluation of distal common bile duct obstruc-
tion. Other emerging technologies that have been used in the
determining the etiology of biliary strictures include florescent
in-situ hybridization (FISH) and confocal laser endomicroscopy
(CLE). The use of newer technologies like measurement of vola-
tile organic compounds in the bile duct fluid is being studied to
help differentiate benign versus malignant indeterminate stric-
tures [41].

Endoscopic retrograde cholangiopancreatography

Until recently, ERCP was the most widely used diagnostic proce-
dure in patients with biliary obstruction. Besides identifying the
biliary stricture and determining its location and extent, it can
provide tissue samples from the stricture for cytological evalua-
tion (brushing- or endoscopic intraductal biopsies, fine needle
aspiration, and cytology from removed stents). The stricture
morphology is highly unreliable for determining the etiology of
the stricture, although long, irregular strictures with shelf-like
morphology are considered to suggest malignant biliary stric-
tures. The presence of strictures in both the CBD and pancreatic
duct with proximal dilation (double duct sign) is also highly sug-
gestive of a malignant etiology in jaundiced patients [42]. Even
though the specificity of diagnosis of malignancy from biliary
sampling is high and approaches 95%, the sensitivity is rather
low (23–56% for biliary brushings and 33–65% for fluoroscopic bi-
opsies) [27, 43–48]. Burnett et al. reviewed 16 studies that in-
cluded 1556 patients who underwent ERCP with brushing of
biliary strictures, and found an overall sensitivity of 41.6% and a
negative predictive value of 58% [49]. It has been suggested that
the presence of desmoplastic reaction in biliary malignancies
contributes to the low yield of cytology [43]. The diagnostic yield
for biliary cytology can be increased to 60–70% by using both
brushings and biopsies [45, 46]. Multiple biliary brushings can
improve the diagnostic yield but neither brush length nor stric-
ture dilation have been shown to be associated with increased
yield [50, 51]. The diagnostic yield varies with location, size and
type of stricture, cytology preparation and interpretation, as
well as the skill and experience of the endoscopist. FISH and
flow cytometry have been studied by different investigators
with a view to enhancing the diagnostic yield of ERCP cytology.
FISH can detect malignant cells in cytology samples by using
fluorescence-based polynucleotide probes complimentary to
the DNA sequence of interest in the interphase nuclei [52]. The
kits currently used employ probes targeting chromosomes 3, 7
and 17 and a probe for the INK4 locus on chromosome 9. FISH
was shown to have a high sensitivity and specificity of 84% and
97%, respectively, compared with 22% and 100% for cytology, in
diagnosing biliary malignancy [53]. Flow cytometry can help de-
tect malignant cells in cytology samples based on hyperploidy
(increased DNA content); it has a similar sensitivity to routine
cytology (42%) but a lower specificity (77% vs. 92%) [54]. Lankisch
et al. showed that bile proteomic analysis can successfully dif-
ferentiate choledocholithiasis from primary sclerosing cholan-
gitis or cholangiocarcinoma, with an area under curve (AUC) of

0.93 (P¼ 0.0001; 95% CI 0.82–0.98) and also PSC from cholangio-
carcinoma with an AUC of 0.87 (P¼ 0.0001; 95% CI 0.73–0.95) [55].
Lipidomic profiling of bile aspirate during ERCP to measure lev-
els of oxidized phospholipids (oxPLs) has been recently used to
differentiate cholangiocarcinomas from other benign biliary
strictures but further studies to identify the clinically useful
oxPLs and to determine their cut-off values are needed [56]. The
fluid aspirate from the bile duct can also be analysed for Kras
and p53 mutations, to increase the diagnostic yield for malig-
nancy if truly present [57, 58]. Other studies have also shown
the possible value of bile aspirate spectroscopy in diagnosing
cholangiocarcinoma and presence of S100A9 protein as marker
of PSC severity [59, 60]. Bile aspirate analysis is currently not
routinely used in work-up of biliary strictures and more studies
are required to validate these interesting ideas before the tech-
nique is widely used in clinical decision-making. Other technol-
ogies, such as cholangioscopy with intra ductal biopsies,
confocal endomicroscopy, and narrow band imaging, can also
be used during ERCP, [61–63]. Together, these newer techniques
promise a higher diagnostic yield for tissue samples obtained
during ERCP and, consequently, fewer patients with indetermi-
nate biliary strictures.

Endoscopic ultrasound

Endoscopic ultrasound is increasingly being used in the diag-
nostic evaluation of patients with biliary obstruction. It has be-
come the imaging test of choice in patients with distal biliary
obstruction, having high sensitivity and accuracy for malignant
etiology. The use of EUS-guided fine needle aspiration (EUS-
FNA) for the diagnosis of hilar strictures was first proposed in
2000 in a feasibility study of 10 patients with biliary strictures
and negative brush cytology [57]. Multiple studies have reported
a sensitivity ranging from 40–90%, with most of these showing a
sensitivity of more than 70% [64–70]. It is important to note
that the majority of these studies included patients with non-
conclusive biliary cytology on ERCP [71].

Even though the presence of previously placed stents can
cause some acoustic shadowing and/or interfere with the pas-
sage of the FNA needle into the area of interest, studies have
not shown any significant decrease in diagnostic yield [64];
however, the presence of a biliary stent for several weeks prior
to EUS examination can induce inflammatory changes, with ac-
companying reactive cellular atypia, which can confound the
cytological diagnosis and potentially lower the sensitivity and
specificity of EUS-FNA in these patients. There has been signifi-
cant concern over seeding of the FNA tract by malignant cells,
especially in patients with proximal and mid-CBD strictures.
There are case reports describing needle tract seeding after per-
cutaneous biopsy of hepatocellular carcinoma and percutane-
ous biliary decompression [72, 73]. A study by Heimbach et al.
showed that 83% of patients (five out of six) developed perito-
neal carcinomatosis after positive transperitoneal biopsies for
cholangiocarcinoma [74]. It is important to note that the study
included only 16 patients who underwent transperitoneal bi-
opsy and 13 of these were percutaneous biopsies. There are
currently no large series reports of needle tract seeding after
EUS-FNA of cholangiocarcinoma but seeding of the tract after
EUS-FNA of pancreatic adenocarcinoma has been described [75,
76], with a reported incidence of peritoneal carcinomatosis of
around 2.2% [77]. These concerns have led to EUS-FNA being
considered as a contraindication for liver transplant for chlan-
giocarcinoma at some transplant centers [78, 79]. A recently
published retrospective study by Chafic et al. showed no
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difference in overall- or progression-free survival in patients
who underwent EUS-FNA for cholangiocarcinoma than in those
who did not undergo FNA [80]. Given the lack of conclusive
data, the risk of needle tract seeding should always be discussed
with patients undergoing EUS-FNA for biliary obstruction and
FNA of proximal/mid CBD strictures should only be performed
after ERCP sampling has failed to yield a definitive cytological
diagnosis. If there is evidence of tumor spread beyond the bile
duct into the surrounding lymph nodes or liver metastasis it is
advisable, to help in the management of these patients, to bi-
opsy these lesions for evidence of malignancy. FNA of the bili-
ary stricture may also be considered if there is evidence of
vascular infiltration by the tumor during EUS exam.

EUS can also reliably identify alternative etiologies of biliary
stricture that do not require surgery, such as periportal lymph
node enlargement with malignant infiltration, including those
due to lymphoma, lymphomatous involvement of the pancreas
or metastatic lesions to the pancreas, especially from the lung
and kidney. Occasionally, impacted stones in the bile duct (both
in the proximal and distal bile duct) and stones impacted in the
cystic duct (Mirizzi syndrome) are diagnosed by EUS in patients
with biliary stricture without an identifiable etiology noted on
cross-sectional abdominal imaging and ERCP.

Intraductal ultrasonography

Intraductal ultrasonography involves the insertion into the bile
duct of a high-frequency ultrasound probe guided by a wire. It
provides high-resolution images of the ductal wall and periduc-
tal tissues [81]. Multiple studies have shown a sensitivity and di-
agnostic accuracy of around 80% and 90%, respectively, for IDUS
while evaluating biliary strictures without an associated mass
lesion [82–84]. In terms of differentiating malignant from benign
strictures, a combination of ERCP and IDUS improved the diag-
nostic accuracy over that of either ERCP or MRCP alone (88% vs.
76% and 58%, respectively) [85]. Meister et al. retrospectively re-
viewed 397 patients with indeterminate biliary strictures who
underwent ERCP with IDUS and found IDUS to have sensitivity,
specificity and accuracy of 97.6%, 98% and 92%, respectively
[86]. Additionally, IDUS can also help in local T and N staging of
tumors with accuracies of 84%, 73%, 71% and 68% for T1, T2, T3
and N1 staging, respectively, but it usually underestimates N
staging due to the limited penetration of high-frequency ultra-
sonic waves. Amongst the various characteristics of benign
strictures, a bile duct wall thickness of less than 7 mm and the
absence of external compression have a negative predictive
value of 100% for excluding malignancy in patients with biliary
obstruction without a mass, when seen on cross-sectional im-
aging [87]. Other features suggestive of malignancy, that are
identifiable during IDUS examination, include eccentric wall
thickening, disruption of the three-layer wall pattern, hypoe-
choic mass, invasion of surrounding tissue, the presence of
lymph nodes and vascular invasion [88–91]. IDUS is potentially
an important adjunct in the evaluation of biliary strictures, es-
pecially indeterminate strictures, but it has not been widely
used because most ERCP practitioners are not trained in EUS
and do not feel comfortable interpreting these images. In pa-
tients in whom determination of the etiology of the stricture is
not possible despite exhaustive evaluation, a repeat ERCP with
IDUS examination, performed by an expert endosonographer
trained in both ERCP and IDUS, may help identify patients with
low likelihood of malignancy, in whom conservative non-surgical
management may be reasonable and separate them from

patients with high likelihood of malignancy, in whom surgical ex-
ploration may be in order.

Cholangioscopy

Direct peroral cholangioscopy was initially introduced in the
1970s but did not gain widespread acceptance, owing to the dif-
ficulties associated with use of mother–baby endoscopes: the
need for two operators, difficulty with tip maneuverability,
time-consuming procedures and fragility of the endoscope [92].
The technique has recently attracted renewed interest from
physicians, due to the low sensitivity of brush cytology, the op-
tion that it provides of visually guided biopsies, and the devel-
opment of a single-operator cholangioscopy (SOC) system in
2006 [92–94]. Commonly known as the SpyGlassTM Direct
Visualization System or simply SpyGlass (Boston Scientific,
Natick, MA, USA), the cholangioscopy catheter can be intro-
duced through the 4.2 mm working channel of a therapeutic
duodenoscope after biliary cannulation. It consists of a re-us-
able 0.77 mm diameter, 6000 pixel optical probe and a dispos-
able 10F access and delivery catheter. The access and delivery
catheter has a 0.9 mm channel for the optical probe, a 1.2 mm
diameter working channel and two 0.6 mm irrigation channels.
Visually directed biopsies can be obtained using a disposable 3
Fr biopsy forceps through the working channel (Figure 2).

In a multicenter feasibility study involving 15 centers in the
USA and Europe, SOC was performed in 297 patients, with an
overall success rate of 89% and a complication rate of 7.5% over
30 days. But the overall sensitivity and specificity of SOC exami-
nation for differentiating malignant and benign ductal abnor-
malities were 78% and 82%, respectively, higher than the 51%
and 54% of ERCP alone; however, the sensitivity of biopsy histol-
ogy obtained by SOC was only 49% for diagnosis of malignant
disease [94]. In another study from Japan, Fukuda et al. com-
bined peroral cholangioscopy with ERCP for distinction of ma-
lignant and benign strictures and showed a sensitivity of 100%,
specificity of 87.5% and an accuracy of 93.5% (positive predictive
value¼ 88.5%; negative predictive value¼ 100%) [93]; however a
standard type of peroral cholangioscope was used in the major-
ity of the cases (84/97) and the catheter-type cholangioscope
was used in only 13 of the 97 patients. The advantages of per-
oral cholangioscopy have been confirmed in other studies as
well [93, 95]. Peroral cholangioscopy can also be performed us-
ing an ultra-thin endoscope over the wire if a previous sphinc-
terotomy is present. Cholangioscopy is currently not widely
used due to the cost and time associated with the procedure,
the additional training needed, poor image quality, limited size
of working channel and significant risk of cholangitis.

Confocal laser endomicroscopy

Confocal laser endomicroscopy uses an intravenously injected
contrast agent and can provide tissue details at microscopic
level in real time, using either a catheter probe that can pass
through the working channel of the endoscope (pCLE) or a thin
probe advanced through the FNA needle (nCLE). The pCLE cath-
eter can be advanced into the biliary system and can provide vi-
sualization of epithelial and subepithelial structures and
analyses of capillary blood flow, as well as contrast uptake. The
most commonly used contrast agent is fluorescein. The pCLE
probe can be passed through various ERCP catheters or the
working channel of a cholangioscope. The sensitivity for detect-
ing biliary malignancy ranges from 73–83% but it has low specif-
icity, ranging from 33–50% [63, 96, 97]. A standardized
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classification system, known as the Miami Classification, was
proposed to characterize pCLE findings for biliary strictures.
The presence of thick white bands (>20 lm), thick dark bands
(>40 lm), dark clumps, epithelial structures and contrast leak-
age were evaluated as factors that could differentiate malignant
from benign strictures [95]. This classification was shown to
have a fair-to-poor inter-observer agreement when evaluated
by six experienced endoscopists [98]. The low specificity (high
false positive numbers) is believed to be secondary to changes
associated with chronic inflammation and prior biliary manipu-
lation (stenting, brushing, biopsies); hence a new classification
system, called the Paris Classification, was recently described
[99]. This includes evaluation of additional features such as vas-
cular congestion, dark glandular patterns, increased intergland-
ular space and thickened reticular structures. More prospective
data and validation of a standardized classification system is

needed before pCLE can be widely accepted as a useful tool in
the diagnostic work-up of biliary strictures.

A suggested approach to patients with
suspected biliary obstruction

With the availability of newer imaging and sampling methods,
the algorithms for diagnostic evaluation and management of
patients with suspected biliary obstruction have evolved. ERCP
is no longer routinely recommended and is not the initial test of
choice. Abdominal ultrasound is recommended when looking
for gall stones and CBD stones. In the absence of stones, dilation
of the intra- and extra-hepatic biliary tree is sought. In patients
with only intrahepatic biliary dilation, MRI or MRCP is recom-
mended to search for mass lesions, identify biliary strictures

Figure 2. Patient with obstructive jaundice and intrahepatic biliary dilatation noted on abdominal imaging. (a) ERCP showing a biliary stricture with intrahepatic biliary

dilatation. (b) Cholangioscopy-guided intraductal biliary biopsy. (c) Fluoroscopic view of cholangioscope. (d) Adequate drainage was obtained after placement of bilat-

eral biliary metal stents.
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and also look for CBD stones that might have been missed on
ultrasound or CT. It can also identify primary sclerosing cholan-
gitis and chronic pancreatitis. In patients with hilar biliary stric-
tures but without an identifiable etiology, MRCP can provide a
‘road map’ of the biliary tree, which is helpful during ERCP in
these patients. In patients with both intra- and extra-hepatic
biliary dilation, CT of the abdomen with pancreatic protocol is
usually recommended. In jaundiced patients, if a mass lesion is
identified that gives concern over malignancy and CT scan sug-
gests that the mass is resectable, these patients are, in some
centers, considered for surgery without attempts at tissue diag-
nosis and biliary decompression. We earlier reported that, in
patients with obstructive jaundice and an identifiable mass le-
sion on CT scan, 14% are finally diagnosed as free from malig-
nancy. We therefore recommend EUS-FNA in patients with
distal biliary obstruction, so as to attempt a tissue diagnosis
prior to surgery. The use of EUS-FNA in these patients is predi-
cated on the availability of high-quality EUS and cytological ex-
pertise. EUS-FNA in these patients can help identify benign
lesions, and also malignant lesions, such as metastatic tumors
of the pancreas and primary pancreatic lymphoma, that do not
benefit from surgery. In patients with distal biliary obstruction
without an identifiable mass lesion, EUS-FNA is recommended
as a method of looking for a mass lesion, since up to 40% of ma-
lignant neoplasms causing jaundice may be missed on CT scan
and can potentially be diagnosed with EUS-FNA. ERCP is

recommended in patients with stricture in the proximal and
mid-CBD, primarily to obtain tissue for diagnosis. Unless neoad-
juvant therapy is planned, biliary decompression by ERCP is not
currently recommended in patients with biliary obstruction, due
to potentially resectable tumors. ERCP is also indicated in pa-
tients with biliary obstruction, in whom the etiology cannot be
determined with the aforementioned tests. If malignancy can-
not be identified by cytology, FISH, Kras/p53 analysis and flow
cytometry should be used (as deemed appropriate by the pathol-
ogists), using brushings/biopsies obtained during ERCP. If there
is a persistent clinical suspicion for malignancy, a repeat ERCP
may be considered in combination with cholangioscopy, to ob-
tain targeted biopsies to improve diagnostic yield. Alternatively,
IDUS may be considered in patients with strictures of the proxi-
mal and mid-CBD, to look for features that would help differen-
tiate patients with high likelihood of cholangiocarcinoma—who
would benefit from surgical exploration—from those with low
likelihood of malignancy, in whom conservative, non-operative
management may be appropriate (Figure 3).

Conclusion

In conclusion, biliary strictures remain a diagnostic conundrum
and the stakes in achieving an early and accurate diagnosis are
high, both due to the risk of failing to spot malignancy and due
to the costs and morbidity associated with unnecessary surgery

Figure 3. Proposed diagnostic approach to biliary strictures.

US¼ultrasound; MRI/MRCP¼magnetic resonance imaging/magnetic resonance cholangiopancreatography; ERCP¼endoscopic retrograde cholangiopancreatography;

SOC¼ single-operator cholangioscopy; EUS-FNA¼endoscopic ultrasound with fine needle aspiration; IDUS¼ intraductal ultrasound; CLE¼ confocal laser

endomicroscopy
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in patients with benign etiologies. A detailed medical history
and a multidisciplinary approach, to guide the treatment objec-
tives, is important to assure the best outcome. ERCP with sam-
pling has been the mainstay but it is limited by low sensitivity
and the risk of post-ERCP pancreatitis. The addition of FISH,
Kras/p53 mutation analysis, intra-ductal biopsies and pCLE may
help improve the diagnostic yield but more prospective data are
needed. EUS-FNA has been shown to be effective in diagnosing
malignancy in patients with biliary strictures, even in the ab-
sence of a discrete mass, and should be considered as the initial
endoscopic modality in all patients with suspected biliary stric-
tures without obstructive jaundice. Despite limited data, con-
cern remains over needle tract seeding resulting from EUS-FNA,
especially if more centers are going to offer transplant as an op-
tion for cholangiocarcinoma. Intraductal ultrasound and chol-
angioscopy may help in patients in whom diagnosis cannot be
obtained with above measures, but neither of these modalities
is widely used, due to limited experience and availability.

Conflict of interest statement. none declared.

References
1. Tummala P, Munigala S, Eloubeidi MA et al. Patients with ob-

structive jaundice and biliary stricture 6 mass lesion on im-
aging: prevalence of malignancy and potential role of EUS-
FNA. J Clin Gastroenterol 2013;47:532–7.

2. Hayat JO, Loew CJ, Asrress KN et al. Contrasting liver function
test patterns in obstructive jaundice due to biliary strictures
and stones. QJM 2005;98:35–40.

3. Clayton RAE, Clarke DL, Currie EJ et al. Incidence of benign pa-
thology in patients undergoing hepatic resection for sus-
pected malignancy. Surgeon 2003;1:32–8.

4. Gerhards MF, Vos P, Van Gulik TM et al. Incidence of benign
lesions in patients resected for suspicious hilar obstruction.
Br J Surg 2001;88:48–51.

5. Corvera CU, Blumgart LH, Darvishian F et al. Clinical and
pathologic features of proximal biliary strictures masquerad-
ing as hilar cholangiocarcinoma. J Am Coll Surg
2005;201:862–9.

6. Wakai T, Shirai Y, Sakata J et al. Clinicopathological features
of benign biliary strictures masquerading as biliary malig-
nancy. Am Surg 2012;78:1388–91.

7. Rana SS, Bhasin DK, Sharma V et al. Role of endoscopic ultra-
sound in evaluation of unexplained common bile duct dilata-
tion on magnetic resonance cholangiopancreatography. Ann
Gastroenterol 2013;26:66–70.

8. Kim HJ, Kim MH, Myung SJ et al. A new strategy for the appli-
cation of CA19-9 in the differentiation of pancreaticobiliary
cancer: analysis using a receiver operating characteristic
curve. Am J Gastroenterol 1999;94:1941–6.

9. Marrelli D, Caruso S, Pedrazzani C et al. CA19-9 serum levels
in obstructive jaundice: clinical value in benign and malig-
nant conditions. Am J Surg 2009;198:333–9.

10.Gianninie E, Borro P, Botta F et al. Cholestasis is the main de-
terminant of abnormal CA 19-9 levels in patients with liver
cirrhosis. Int J Biol Markers 2000;15:226–30.

11.Ferrone CR. Perioperative CA19-9 levels can predict stage and
survival in patients with resectable pancreatic adenocarci-
noma. J Clin Oncol 2006;24:2897–902.

12.Mihmanli M, Dilege E, Demir U et al. The use of tumor markers
as predictors of prognosis in gastric cancer.
Hepatogastroenterology 2004;51:1544–7.

13.Nehls O, Gregor M and Klump B. Serum and bile markers for
cholangiocarcinoma. Semin Liver Dis 2004;24:139–54.

14.Liu L, Wang J, Liu B et al. Serum levels of variants of transthyr-
etin down-regulation in cholangiocarcinoma. J Cell Biochem
2008;104:745–55.

15.Cheon YK, Cho YD, Moon JH et al. Diagnostic utility of inter-
leukin-6 (IL-6) for primary bile duct cancer and changes in se-
rum IL-6 levels following photodynamic therapy. Am J
Gastroenterol 2007;102:2164–70.

16.Silsirivanit A, Araki N, Wongkham C et al. A novel serum car-
bohydrate marker on mucin 5AC: values for diagnostic and
prognostic indicators for cholangiocarcinoma. Cancer
2011;117:3393–403.

17.Leelawat K, Narong S, Wannaprasert J et al. Prospective study
of MMP7 serum levels in the diagnosis of cholangiocarci-
noma. World J Gastroenterol. 2010;16:4697–703.

18.Saini S. Imaging of the hepatobiliary tract. N Engl J Med
1997;336:1889–94.

19.Karstrup S. Ultrasound diagnosis of cholangiocarcinoma at
the confluence of the hepatic ducts (Klatskin tumours). Br J
Radiol 1988;61:987–90.

20.Sainani NI, Catalano OA, Holalkere NS et al.
Cholangiocarcinoma: current and novel imaging techniques.
Radiographics 2008;28:1263–87.

21.Khan SA, Thomas HC, Davidson BR et al.
Cholangiocarcinoma. Lancet 2005;366:1303–14.

22.Nesbit GM, Johnson CD, James EM et al. Cholangiocarcinoma:
diagnosis and evaluation of resectability by CT and sonogra-
phy as procedures complementary to cholangiography. Am J
Roentgenol 1988;151:933–8.

23.Tyson GL, El-Serag HB. Risk factors for cholangiocarcinoma.
Hepatology 2011;54:173–84.

24.Zech C, Schoenberg S, Reiser M et al. Cross-sectional imaging
of biliary tumors: current clinical status and future develop-
ments. Eur Radiol 2004;14:1174–87.

25.Burak K, Angulo P, Pasha TM et al. Incidence and risk factors
for cholangiocarcinoma in primary sclerosing cholangitis.
Am J Gastroenterol 2004;99:523–6.

26.Tillich M, Mischinger HJ, Preisegger KH et al. Multiphasic heli-
cal CT in diagnosis and staging of hilar cholangiocarcinoma.
Am J Roentgenol 1998;171:651–8.
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