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INTRODUCTION
Strictures of the biliary tract represent a
common diagnostic and management
problem in pancreaticobiliary practice,
often requiring close multidisciplinary
collaboration among endoscopists, sur-
geons, radiologists, pathologists and
oncologists. The underlying aetiologies,
clinical manifestations and prognostic sig-
nificance are protean, encompassing both
benign and malignant entities; single and
multifocal disease distributions; extrahe-
patic and intrahepatic site involvement;
silent and symptomatic presentations, and
clinically indolent as well as rapidly pro-
gressive natural histories. From a practical
standpoint, however, the most critical dis-
tinction to make, both accurately and
expeditiously, is between benign and
malignant aetiologies since timely surgical
resection of early-stage malignant disease
remains the only route to cure. Definitive
differentiation, however, is not always
feasible, and many cases remain indeter-
minate even after extensive investigation.
The differential diagnosis of biliary stric-

tures is predominantly a function of geog-
raphy and consequent variations in disease
epidemiology. In the Western world, most
biliary strictures are secondary to malig-
nant disease in the form of pancreatic
cancer, cholangiocarcinoma, gallbladder
cancer, malignant hilar lymphadenopathy
and hepatocellular carcinoma. Important
benign aetiologies include iatrogenic
causes (usually in the setting of bile duct
injury during cholecystectomy) chronic
pancreatitis, primary sclerosing cholangitis
(PSC) and immunoglobulin G-subfraction 4
(IgG4)-related sclerosing cholangitis
(IgG4-SC). Other causes of benign biliary
strictures include gallstone disease (chole-
docholithiasis or Mirizzi syndrome);
ischaemic and non-ischaemic injury in the
setting of liver transplantation; anasto-
motic disease after biliary tract surgery;
abdominal trauma; percutaneous therapy

of hepatocellular carcinoma (radiofre-
quency or ethanol ablation and chemoem-
bolisation); radiotherapy; portal bilopathy,
vasculitides; and miscellaneous infections
(such as recurrent pyogenic cholangitis,
cytomegalovirus infection and human
immunodeficiency virus).
The clinical manifestations of biliary

strictures are equally diverse, principally
dictated by the severity of luminal obstruc-
tion and nature of causative disease
process, ranging from being entirely
asymptomatic with or without biochemical
or radiological features of cholestasis, as in
many post-cholecystectomy bile duct injur-
ies, to those of biliary obstruction; sepsis
(recurrent cholangitis, liver abscesses or
stone formation); secondary biliary cirrho-
sis; and/or underlying disease (such as mal-
absorption in chronic pancreatitis). The
finding of a clinically palpable gallbladder
in the setting of jaundice and extreme ele-
vations in serum bilirubin (>350 mmol/L)
or carbohydrate antigen 19-9 levels
(>1000 U/mL) are all highly suggestive of,
but poorly sensitive for, malignant obstruc-
tion. Similarly, grossly elevated serum IgG4
levels strongly favour a diagnosis of IgG4
disease.
In concert with other modalities, extra-

corporeal imaging plays an important role
in the detection of biliary strictures,
differentiation of benign from malignant
causes, definition of stricture(s) length,
and guidance of subsequent tissue
acquisition and stent deployment.
Transabdominal ultrasound, typically the
initial imaging modality, is simple, non-
invasive, cheap and highly sensitive for
the detection of large-duct biliary obstruc-
tion and localisation of its site, but has a
widely variable accuracy for defining the
underlying cause; is highly operator-
dependent and has less favourable sensi-
tivity in individuals with low bilirubin
levels. Cross-sectional imaging facilitates
more precise definition of the site and
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extent of the segment involved; improved (albeit by no
means optimal) differentiation of benign from malig-
nant causes; and staging of malignant involvement of
the portal vein, hepatic artery and regional lymph
nodes. Imaging features favouring malignancy on
multiphase contrast-enhanced computed tomography
and magnetic resonance cholangiopancreatography
include delayed-phase hyper-enhancement wall thick-
ness of >1.5 mm; greater stricture length; marked
upstream biliary dilatation; irregular, asymmetric,
abrupt or shouldered stricture morphology; and pres-
ence of a discrete mass lesion, vascular invasion,
lymphadenopathy or liver metastases. However, with
the exception of the latter, none of these features is
considered pathognomic for malignant disease and,
despite extensive additional investigation, up to 25%
of patients undergoing surgical resection for suspected
cholangiocarcinoma will ultimately prove to harbour
benign,1 often autoimmune, disease with high prob-
ability of complete response to immunosuppressive
therapy. While early reports suggested impressive sensi-
tivity and specificity for differentiating malignant from
benign biliary strictures, positron emission tomography
(PET) is now believed to have modest utility in the
diagnosis of cholangiocarcinoma with variable per-
formance according to the anatomical location, growth
pattern and pathological characteristics.2

In this article, we discuss the role of endoscopy in
the evaluation and management of biliary strictures
and highlight some promising imaging innovations
and emerging endoscopic therapies in this arena.

ENDOSCOPIC EVALUATION
Endoscopic retrograde cholangio-pancreatography
Endoscopic retrograde cholangio-pancreatography
(ERCP) has long played a fundamental role in the
evaluation and management of biliary strictures, facili-
tating high-quality fluoroscopic imaging of the biliary
tree, diagnostic tissue acquisition and therapeutic
biliary drainage. More recently, the advent of direct
intraductal mucosal visualisation (cholangioscopy),
intraductal endosonography and palliative ablative
therapies (such as photodynamic and radiofrequency
ablation) has further enhanced the diagnostic and
therapeutic capabilities of the procedure.
Cholangiographic morphology of biliary strictures,

such as irregularity, asymmetry, shouldering and
extent, is known to have an unsatisfactory accuracy
(of the order of 72–80%) in discriminating malignant
from benign strictures.3 For example, cholangiography
alone is an unreliable means to differentiate between
PSC, IgG4-SC and hilar cholangiocarcinoma, even in
expert hands.4 This highlights the need for tissue sam-
pling, which is usually accomplished at ERCP by
brush cytology and intraductal forceps biopsy. A
recent meta-analysis concluded that these two modal-
ities have near-perfect specificity but comparably
limited sensitivity (of 45% and 48.1%, respectively)

for the diagnosis of malignant biliary strictures, which
is modestly enhanced to 59.4% when used in combin-
ation.5 The advent of advanced cytological techniques
such as fluorescence in situ hybridisation (FISH) and,
to a lesser extent, digital image analysis, exploiting the
correlation between malignancy and both chromo-
somal aneusomy and nuclear DNA content, respect-
ively, has been shown to enhance tumour detection by
approximately 10–30%. Although not widely
employed, their use has been advocated in cases of
indeterminate biliary strictures where both cytology
and biopsy are negative. However, the combined sen-
sitivity of these techniques remains <70% in most
series and the specificity of FISH is compromised in
the setting of PSC, as is that of brush cytology.3 6

More recently, the combination of brush cytology and
quantitative PET to investigate PSC-related dominant
biliary strictures was shown to have a sensitivity for
malignant disease of 100% and a specificity of 88%.7

In the setting of suspected IgG4-SC, biopsy of the
duodenal papilla, even if appearing normal, and/or
measurement of IgG4 levels in bile aspirates may be
diagnostically useful.8 9

Endoscopic ultrasonography
Endoscopic ultrasonography (EUS) has emerged as a
key tool for investigating and, more recently, man-
aging biliary strictures. The capacity to identify a mass
lesion that had escaped detection by other imaging
modalities; to provide high-definition imaging of stric-
ture morphology (such as irregularity and wall thick-
ness); to stage regional lymph node and portal vein
involvement; and to facilitate diagnostic tissue acquisi-
tion are all important attributes of endosonography in
this setting. EUS-guided fine-needle aspiration (EUS-
FNA) is currently considered the standard of care for
characterisation of solid pancreatic masses and,
increasingly, plays an important role in the evaluation
of suspected biliary tract malignancy. A recent meta-
analysis reported that the pooled sensitivity of EUS-
FNA for extrahepatic cholangiocarcinoma was 66%;
81% when the analysis was confined to proximal
strictures; 80% when a mass lesion was detected on
EUS; 45% when no mass lesion was evident at cross-
sectional imaging and 59% when brush cytology was
negative.10 In a series of patients with unresectable
hilar cholangiocarcinoma undergoing assessment for
liver transplantation, EUS-FNA but not EUS morph-
ology correctly identified all patients with regional
lymph node involvement.11

Some shortcomings are noteworthy, however. The
risk of bile contamination as a result of FNA mandates
the administration of prophylactic antibiotics and/or
stent placement at the same sitting or shortly there-
after. The presence of biliary stents can confound EUS
interpretation of both stricture morphology and vas-
cular staging. The suboptimal negative predictive
value of EUS-FNA for excluding malignancy (reported

PANCREATOBILIARY

Dawwas MF, et al. Frontline Gastroenterology 2016;7:170–175. doi:10.1136/flgastro-2015-100570 171



to range from 29% to 67%)12 may consign a signifi-
cant proportion of patients to additional investigation,
including exploratory surgery. Most importantly,
tissue acquisition with EUS-FNA from potentially sur-
gical candidates with proximal biliary strictures has
been strongly discouraged by some authorities in view
of the potential risk of tumour seeding of the needle
track which, in contrast to distal lesions, is typically
not included in the surgical resection.6 This recom-
mendation, however, is predicated on a single, retro-
spective, unadjusted analysis that reported a
substantially higher rate of peritoneal disease at
staging laparotomy among liver transplant candidates
with unresectable cholangiocarcinoma who had
undergone transperitoneal FNA or biopsy compared
with those who had not.13 It should be noted that
most of these specimens were obtained percutaneously
rather than by EUS-FNA, which in other sites has
been associated with a substantially lower risk of
seeding,14 possibly as a result of use of smaller calibre
needles and shorter needle track. Indeed, a recent
risk-adjusted single-centre study of 150 patients with
cholangiocarcinoma reported that preoperative
EUS-FNA did not adversely affect either overall or
progression-free survival.15

However, it probably remains prudent to limit the
use of EUS-FNA in the setting of suspected, poten-
tially operable cholangiocarcinoma to cases where
other modalities of tissue acquisition have failed to
verify the diagnosis.

Intraductal ultrasound
Intraductal ultrasound (IDUS) is a valuable, albeit
uncommonly used, imaging modality for indetermin-
ate biliary strictures. Utilising a wire-guided
mini-probe that can be easily advanced into the bile
duct at the time of ERCP, it provides high-resolution
(including three-dimensional) imaging of the entire
extrahepatic bile duct, portal vein, right hepatic artery
and ampulla.16–19 In the setting of indeterminate
biliary strictures, IDUS has been shown to significantly
outperform EUS in terms of accuracy of differenti-
ation of malignant from benign disease (89% vs
76%); determination of the resectability of malignant
tumours (82% vs 76%); and staging of local tumour
extent (78% vs 54%). The diagnostic superiority of
IDUS compared with EUS was greatest for proximal
biliary lesions,19 which are often not well-visualised
endosonographically. Another study reported that
adding IDUS to ERCP and tissue sampling substan-
tially improves the overall diagnostic performance
without significantly compromising the specificity.20

However, IDUS is limited by the lack of capacity for
tissue acquisition, inferior utility for staging regional
adenopathy, requirement for undertaking ERCP at the
same sitting and less favourable diagnostic perform-
ance in the aftermath of biliary stent placement.16 17

Cholangioscopy
Intraductal mucosal visualisation (cholangioscopy) has
been performed for >25 years, but there has been a
recent resurgence of interest and use. Peroral cholan-
gioscopy is now most commonly accomplished, fol-
lowing biliary shincterotomy, using a single-operator
cholangioscope (Spyglass, Boston Scientific, Natick,
Massachusetts, USA), which is inserted down the
working channel of therapeutic duodenoscope. The
system allows four-way steerability, water irrigation
and tissue biopsy (via a 1.2 mm biopsy channel).
Visualisation is achieved using a 6000 pixel fibre-optic
probe inserted down the cholangioscope. An inter-
national, multicentre study of the utility of single-
operator cholangioscopy among patients with indeter-
minate biliary strictures reported an 89% overall pro-
cedure success rate, securing histologically adequate
tissue specimens in 88% of those who underwent
biopsy with an overall sensitivity for diagnosing malig-
nancy by visual impression and cholangioscopy-
directed biopsy of 78% and 49%, respectively.21

Similar results were reported by a multicentre UK
study.22 Emphasising the multimodality approach to
stricture assessment, EUS evaluation in patients with
indeterminate biliary strictures has been shown to
obviate the need, cost and adverse events of standard
single-operator cholangioscopy in 60% of patients,
yielding the correct clinical diagnosis in 94% of
patients with minimal adverse events.23 However, this
high diagnostic yield for EUS requires verification in
other studies. Interobserver agreement for standard
single-operator cholangioscopy has been shown to be
modest at best, highlighting the need for validated
scoring criteria.24 The more recent use of ultra-slim
endoscopes for cholangioscopy shows promise,25

facilitating superior white-light image quality, larger
biopsy specimens and multimodal chromendoscopy,
autofluorescence and narrow band imaging. Validation
of the utility of these innovations in adequately
powered prospective trials is awaited.

Probe-based confocal laser endomicroscopy
The advent of probe-based confocal laser endomicro-
scopy (pCLE) has equipped biliary endoscopists with
an exciting new tool providing high-resolution in vivo
histology, thereby potentially allowing real time differ-
entiation of malignant from benign biliary strictures.
A multicentre study of the diagnostic utility of pCLE
for identifying malignancy among patients with inde-
terminate pancreaticobiliary strictures reported excel-
lent sensitivity and negative predictive value, as well
as superior overall accuracy when combined with
ERCP compared with ERCP and tissue acquisition.26

A recent series found a sensitivity of 100%, specificity
of 69%, positive predictive value of 60%, negative
predictive value of 100% and overall accuracy of 79%
for discriminating malignant from benign biliary stric-
tures when pCLE is combined with endobiliary and
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EUS-guided tissue acquisition.27 However, given
recent reports of significant interobserver variation,28

these findings remain to be replicated in adequately
designed randomised studies.

ENDOSCOPIC THERAPY
Symptomatic relief, prevention of complications of
prolonged biliary obstruction and facilitation of
definitive therapy, be it palliative or curative, are the
goals of effective biliary decompression. In practice,
the necessity and timing of stent placement are deter-
mined by a number of factors including the patient’s
candidacy for curative surgery and/or chemotherapy,
severity and site of biliary obstruction, presence of
biliary sepsis, requirement for endobiliary tissue acqui-
sition and/or availability of local expertise. The utility
of preoperative biliary drainage among patients with
potentially resectable malignant disease has been con-
troversial. A multicentre, randomised, controlled trial
reported higher morbidity and similar mortality
among individuals with pancreatic head cancer under-
going placement of plastic biliary stent prior to surgi-
cal resection compared with those proceeding to
surgery without preoperative drainage.29 However,
the results of this trial may not be generalisable to
several patient groups it had excluded including:
deeply jaundiced patients with bilirubin levels
>250 mmol/L; those with evidence of biliary sepsis or
requirement for neoadjuvant chemoradiation; or
those undergoing metal stent placement, propofol
sedation or biliary cannulation by endoscopists with
average success rates exceeding 75%. In addition, pre-
operative biliary drainage of the future liver remnant
is indicated among patients with proximal cholangio-
carcinoma undergoing resection, and stent placement
with or without stricture dilatation remains the main-
stay of management for patients with both benign and
unresectable malignant disease.
Biliary stents can be placed endoscopically at ERCP

or percutaneously (by an interventional radiologist),
are either plastic or metal (which may be fully
covered, partially covered or uncovered), and, in the
case of hilar strictures, can be deployed bilaterally or
within a single obstructed lobar segment. Stent selec-
tion is determined by stricture aetiology, location,
length, ductal anatomy, nature and timing of antici-
pated subsequent therapy (be it surgical resection and/
or chemotherapy) and likely patient longevity. In
general, metal stents are more durable than their
plastic counterparts as a result of substantially greater
calibre leading to higher patency rates and lower
requirement for subsequent hospitalisation and rein-
tervention. A recent meta-analysis comparing plastic
and metal stents in the setting of malignant biliary
obstruction concluded that the latter are the treatment
of choice for patients with distal as well as proximal
disease.30 Similarly, multiple versus single plastic stent-
ing has been shown to afford more durable drainage

for both benign and, more recently, malignant stric-
tures.31 The patency and patient survival rates asso-
ciated with covered and uncovered metal stents are
similar, but, in contrast to the uncovered variety,
covered stents are removable and therefore preferable
in benign disease; more liable to spontaneous migra-
tion; associated with higher rates of cholecystitis and
possibly acute pancreatitis (as a result of obstruction
of the openings of the cystic and pancreatic ducts,
respectively);32 and best avoided in proximal strictures
given the risk of both contralateral duct and ipsilateral
radicle occlusion. A large, recently published, inter-
national, multicentre study reported successful reso-
lution of benign distal biliary strictures in 75% of
patients undergoing short-term placement of fully
covered metal stents.33 Whether malignant hilar stric-
tures are best managed with unilateral or bilateral
stent placement (using side-by-side, stent-in-stent or
Y-shaped prostheses) and whether this should be
accomplished endoscopically or percutaneously are
debatable. In general, however, the percutaneous
route in these cases tends to be technically easier
(albeit at the cost of frequent requirement for multiple
sessions), and the procedure should always be guided
by prior high-quality, cross-sectional imaging aiming
to both drain at least 50% of the normal liver volume
and minimise the attendant risk of infection by avoid-
ing excessive contrast injection, sparing atrophic seg-
ments and achieving effective drainage of all other
opacified segments. These complex cases should be
discussed in a multidisciplinary setting involving spe-
cialist hepatopancreatobiliary radiologists, surgeons
and endoscopists. Quite apart from the relative pros
and cons of plastic versus metal stents, or the route of
insertion, of fundamental importance is a clear policy
to insert uncovered mesh metal biliary stents only in
the setting of (pathologically) proven malignancy. With
an increased recognition of benign diseases that may
mimic pancreaticobiliary malignancy,34 the injudicious
insertion of uncovered stents (which are then unremov-
able) may have severe prognostic consequences, related
to tissue in-growth long-term. Even in the setting of
malignancy, uncovered stents across the liver hilum
may present a difficult (and avoidable) surgical chal-
lenge in those patients deemed to have potentially
resectable tumours and may also complicate the long-
term management of patients with potentially curable
lymphomas or indolent disease (eg, islet cell metastasis)
with expected longevity exceeding that of the patency
of uncovered prostheses.
In recent years, the deployment of EUS-guided

biliary drainage, via the transpapillary (retrograde or
antegrade), tranduodenal or transgastric routes, has
been shown to be feasible and safe, potentially obviat-
ing the need for percutaneous drainage among
patients with biliary obstruction in whom standard
ERCP was unsuccessful or not possible. Indeed,
recent series have suggested comparable, if not
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superior, success rates and lower morbidity with
EUS-guided versus percutaneous biliary drainage.35 36

However, routine use of this approach in clinical prac-
tice should probably await the performance of a ran-
domised controlled trial.
The recent development of a number of novel abla-

tive endoscopic therapies promises the prospect of
loco-regional control and improved palliation of
biliary obstruction secondary to inoperable cholangio-
carcinoma. These innovations include photodynamic
therapy, radiofrequency ablation and brachytherapy,
and can be either delivered during index ERCP in
combination with stent placement or used to recana-
lise occluded, previously placed stents. Randomised
studies comparing photodynamic therapy combined
with biliary stenting to stenting alone have been
inconsistent in showing a benefit in terms of patient
survival and stent patency.37–39 Retrospective series of
patients with inoperable malignant strictures have
reported superior patient survival in those who had
undergone radiofrequency ablation and stent place-
ment compared with stenting alone;40 41 the results of
ongoing randomised trials are keenly awaited.
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