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Primary sclerosing cholangitis (PSC) is a chronic, idiopathic, cholestatic liver disease characterized by
inflammation and fibrosis of the intrahepatic and/or extrahepatic bile ducts. It can affect individuals of all
age groups and gender, has no established pharmacotherapy, and is associated with a variety of
neoplastic (e.g. cholangiocarcinoma) and non-neoplastic (e.g. dominant strictures) hepatobiliary com-
plications. Given these considerations, endoscopy plays a major role in the care of patients with PSC. In
this review, we discuss and provide updates regarding endoscopic considerations in the management of
hepatobiliary manifestations and complications of PSC. Where evidence is limited, we suggest pragmatic
approaches based on currently available data and expert opinion.
© 2019 The Third Affiliated Hospital of Sun Yat-sen University. Publishing Services by Elsevier B. V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Primary sclerosing cholangitis (PSC) is a chronic, idiopathic,
cholestatic liver disease characterized cholangiographically and
histopathologically by injury to, stricturing, and the destruction of
the intrahepatic and/or extrahepatic bile ducts.1e4 In a majority of
cases, it ultimately leads to end-stage liver disease and liver-related
death.5,6 PSC is also associated with various other hepatobiliary
complications and carries a particularly high risk of developing
cholangiocarcinoma (CCA), reaching 400e1500 times higher risk
than the general population.7e10 Despite extensive research over
the last several decades, effective pharmacotherapies for PSC are
lacking,2,5 and consequently, median survival is approximately
15e20 years.5,6 Liver transplantation (LT) is the only potentially
curative intervention but is an option for only a small proportion of
patients;11e13 moreover, many patients who undergo LT will
experience recurrence of PSC or of PSC-associated malignancy.14e17

Due to the above mentioned reasons, endoscopy, especially
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endoscopic retrograde cholangiopancreatography (ERCP), often
plays a critical role in the pre- and post-LT care of patients with
PSC.18e20 Here we provide a focused review and clinical updates
regarding the role of endoscopy in the management of biliary
manifestations and complications of PSC.
2. Diagnosis of PSC

A diagnosis of PSC can usually be made based on a combination
of a cholestatic serum biochemical pattern for at least 6 months,
cholangiography with characteristic multifocal strictures and
proximal segmental dilation, and the exclusion of mimics of PSC
(Table 1).18,21,22 Although commonly required in the past, liver bi-
opsy is now less frequently used to establish the diagnosis of PSC;
instead, it is reserved primarily for patients who have a normal
cholangiogram but are suspected to have small duct PSC
(comprising 5% of PSC cases), to rule out an alternative etiology or
overlap syndrome (e.g. autoimmune hepatitis), or when staging
information is needed but not reliably obtainable by non-invasive
methods.22e24

Cholangiography, on the other hand, be it through ERCP or
magnetic resonance cholangiopancreatography (MRCP) plays an
essential role in the diagnosis and monitoring of PSC. Historically,
rvices by Elsevier B. V. on behalf of KeAi Communications Co., Ltd. This is an open
c-nd/4.0/).
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Table 1
Mimics of PSC.

Categories Examples

Infectious AIDS cholangiopathy (e.g. C. parvum, CMV)
Helminthic infection (e.g. Clonorchis, Opisthorchis, Ascaris)
Recurrent pyogenic cholangitis (i.e. “oriental
cholangiohepatitis”)

Neoplastic CCA
Diffuse intrahepatic malignancy (primary or metastatic)

Immunologic IgG4-associated cholangiopathy
Eosinophilic cholangitis
Mast cell cholangiopathy
Histiocytosis X
Systemic vasculitis
Hepatic allograft rejection
Primary biliary cirrhosis

Ischemic Post-transplant non-anastomotic strictures
Post-intraarterial chemotherapy
Post-radiation therapy

Inflammatory Recurrent pyogenic cholangitis
Chronic pancreatitis

Miscellaneous Mirizzi syndrome
Compressive lymphadenopathy
Portal hypertensive biliopathy
Post-operative biliary strictures
Choledochal cyst (e.g. Caroli's disease)
Progressive familial intrahepatic cholestasis

Abbreviations: PSC, primary sclerosing cholangitis; AIDS, acquired immune defi-
ciency syndrome; CMV, cytomegalovirus; CCA, cholangiocarcinoma; IgG4, immu-
noglobulin G subclass 4.

Fig. 2. MRCP in a patient with PSC. MRCP demonstrating multifocal perihilar and
intrahepatic ductal strictures consistent with PSC. Abbreviations: MRCP, magnetic
resonance cholangiopancreatography; PSC, primary sclerosing cholangitis.

B.M. Fung, J.H. Tabibian / Liver Research 3 (2019) 106e117 107
ERCP has been regarded as the gold standard in diagnosing PSC. In
the 1970s, it was largely through the introduction and increased
use of ERCP that facilitated the appreciation of the classic “beaded”
appearance of the biliary tree in PSC (Fig. 1) and increased greater
awareness of this disease.25 Due to advancements in magnetic
resonance imaging (MRI), however, MRCP has essentially become
the preferred initial cholangiographic modality for the diagnosis of
PSC (Fig. 2).18,21 MRCP is non-invasive, accurate, and provides cross-
sectional images of the biliary tree and surrounding structures
Fig. 1. ERCP in a patient with PSC. ERCP with balloon occlusion cholangiogram
demonstrating diffusely irregular intrahepatic bile ducts consistent with PSC. Abbre-
viations: ERCP, endoscopic retrograde cholangiopancreatography; PSC, primary scle-
rosing cholangitis.
without the procedural risks and ionizing radiation associated with
ERCP. A meta-analysis of 6 studies (456 patients) comparing MRCP
to ERCP for the diagnosis of PSC found MRCP to have a high
sensitivity and specificity (86% and 94%, respectively).26 Further-
more, cost-minimization analyses have found a significant cost
savings by performing MRCP rather than ERCP in the initial diag-
nostic testing for PSC.27,28 However, there are limitations of MRCP
which should be recognized, including: (i) decreased sensitivity for
identifying subtle early changes of PSC (especially early intra-
hepatic disease), (ii) limited accuracy in the differentiation between
secondary sclerosing cholangitis and CCA, and (iii) the inability to
obtain tissue samples (e.g. biliary cytology brushings, intraductal
biopsies).29e31 Thus, ERCP remains a useful diagnostic tool in
certain scenarios, e.g. when MRCP is equivocal or infeasible, or
when clinical suspicion for early PSC or related complications is
high, and/or when biliary specimens are needed.18

Endoscopic ultrasound (EUS) is another modality that may be
useful in the diagnosis of suspected PSC (or its complications), with
the advantage of a lower rate of complications than ERCP and
ability to detect very early ductal changes in comparison toMRCP.32

It may be particularly useful in a subset of relatively asymptomatic
patients with suspected early disease who are hesitant to undergo
ERCP or liver biopsy due to the higher risk of morbidity and mor-
tality associated with these diagnostic procedures.33 Although EUS
is currently not a substitute for cholangiography by ERCP or MRCP,
it can serve as a complement to routinely used diagnostic modal-
ities, providing better clarity as to what the next best diagnostic
step would be for patients with suspected PSC.34 Given the very few
published studies on the use of EUS (and its associated in-
terventions, e.g. EUS-guided liver biopsy, EUS hepatic elastography)
in the diagnosis of PSC, further research is needed to clarify the role
of EUS before it can be routinely recommended in clinical practice
for this indication.

Of note, there is also a role for non-hepatobiliary endoscopy for
patients with PSC (e.g. surveillance colonoscopy for colorectal
cancer, surveillance upper endoscopy for esophageal varices in
patients who progressed to cirrhosis); these modalities are beyond
the scope of the present review but have been recently discussed
elsewhere.19,23



Fig. 4. Dominant stricture during ERCP. A dominant stricture in the region of the
hepatic duct is seen on ERCP. Abbreviation: ERCP, endoscopic retrograde
cholangiopancreatography.
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3. Indications for endoscopic biliary intervention in PSC

3.1. Dominant strictures

Themost common indication for endoscopic intervention in PSC
is to evaluate and/or treat “dominant strictures”.18,35 Dominant
strictures on ERCP have been defined as a stenosis with a diameter
of: (i)� 1.5mm in the common bile duct or (ii)� 1.0mm in the
hepatic duct within 2 cm of the hepatic ductal confluence (Figs. 3
and 4).18,36,37 Though suspected dominant strictures can be visu-
alized on MRCP as well as on other imaging modalities, the diam-
eter criterion is considered by some to only be applicable to
stenosis seen on ERCP due to the inability of other modalities to
introduce hydrostatic pressure in the ducts.18,38 A large proportion
of patients have dominant strictures (prevalence is estimated at
36e57% of patients with PSC), and patients can have multiple
dominant strictures.36,39,40 Patients who develop a dominant
stricture have been reported to have poorer long-term outcomes,
largely due to the fact that a significant proportion of dominant
strictures harbor CCA.39 In one longitudinal study of 128 patients
with PSC, the mean survival of patients with dominant strictures
was significantly worse than those without dominant strictures
(13.7 vs. 23 years).41

CCA is arguably the most dreaded complication of PSC,
responsible for approximately one-third of all-cause mortality in
patients with PSC.7,42 This large proportion of deaths due to CCA
can be attributed in part to the fact that CCA: (i) has a dearth of
reliable predictors for developing CCA,8,10,43 (ii) frequently presents
with non-specific symptoms (e.g. abdominal pain, weight loss,
jaundice, fatigue), thus potentially delaying diagnosis,37,44 (iii) oc-
curs with a relatively high incidence in PSC (400- to 1500-fold
lifetime risk compared to the general population),7,8 and (iv) is an
aggressive malignancy, with up to 80% of patients who develop CCA
dying within 1 year.8,45,46 Due to the association of dominant
strictures and CCA, endoscopic therapy (discussed in later sections),
in theory, could ostensibly further delay the diagnosis of CCA by
alleviating its symptoms (e.g. via stenting).41 Thus, accurate and
early distinction between a benign dominant stricture and CCA is
vitally important.
Fig. 3. Schematic representation of diameter criteria for the diagnosis of a
dominant stricture. A dominant stricture is generally defined as a stenosis with a
diameter of: (i) � 1.5mm in the common bile duct or (ii) � 1.0mm in the hepatic ducts
within 2 cm of the hepatic ductal confluence.
3.2. Biliary stone disease

Biliary stones are another frequent indication for endoscopic
biliary intervention. Right upper quadrant pain, new or worsening
pruritus, new or worsening jaundice, rising serum liver enzymes or
bilirubin, and unexplained fevers, when not related to an under-
lying dominant stricture, are often due to choledocholithiasis with
or without acute cholangitis and/or acute cholecystitis.23,41,47 In a
retrospective study of 117 patients with PSC, 51% of patients who
underwent ERCP were found to have a stone.48 In a smaller pro-
spective study of patients with PSC referred for cholangioscopy to
evaluate for dominant strictures or stones, 56% of patients had
stones, of which approximately one-third were missed on cholan-
giography.49 Interestingly, while extrahepatic bile duct stones are
relatively common and intrahepatic bile duct stones very rare in the
general population, in patients with PSC, both occur with relatively
high frequency.50

Similar to the treatment of choledocholithiasis in the general
population, choledocholithiasis in patients with PSC is often
managed by ERCP with sphincterotomy, balloon sweeping of the
bile ducts, and saline lavage. If a dominant stricture is present,
balloon dilation and/or brushing can also be performed. Patients
with cholecystitis or (resolved) choledocholithiasis may be referred
for cholecystectomy, but caution should be taken as cholecystec-
tomy in patients with PSC, particularly those with advanced liver
disease, is associated with increased morbidity.51

4. Initial evaluation and surveillance of dominant strictures

The finding or suspicion of a dominant stricture generally re-
quires multi-modal testing to adequately assess for CCA, often
entailing a combination of serologies, imaging, ERCP, and other
endoscopic techniques (Fig. 5). Serologic testingwith tumormarker
carbohydrate antigen 19-9 (CA 19-9) is often one of the first steps in
ruling out CCA; however, the use of this biomarker is limited for
several reasons, including its low sensitivity and specificity for
CCA.52 Elevations in serum CA 19-9 levels can be seen not only in



Fig. 5. Evaluation of dominant strictures in patients with PSC: A multimodal undertaking. Of note, ancillary modalities such as cholangioscopy and endoscopic ultrasound may
be implemented in addition to ERCP with biliary brushings/biopsies, as discussed in the text, and serum liver tests including CA 19-9 should be monitored. Abbreviations: CA 19-9,
carbohydrate antigen 19-9; CCA, cholangiocarcinoma; ERCP, endoscopic retrograde cholangiopancreatography; FISH, fluorescence in situ hybridization; MRCP, magnetic resonance
cholangiopancreatography.
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malignant conditions, but also in benign conditions, such as pan-
creatobiliary ductal obstruction or inflammation.18,23,47 Further-
more, not all individuals with malignancy synthesize CA19-9; for
example, those who do not express the Lewis histo-blood group
antigen (e.g. due to mutations in FUT3, the gene encoding fucosyl-
transferase 3 cannot effectively secrete CA 19-9, and thus will not
mount elevated CA 19-9 levels even in the presence of CCA or other
pancreatobiliary malignancy.53e55 Thus, the serum CA 19-9 level
should be interpreted cautiously, and an undetectable level in the
presence of (benign or malignant) biliary obstruction should be
regarded as a possible clue to an individual patient's inability to
synthesize CA 19-9.53

Imaging, including abdominal ultrasound, computed tomogra-
phy, andMRCP, also play a role in the workup and/or surveillance of
dominant strictures.21,22 Currently, many large-volume centers
perform yearly or biennial MRI/MRCP for patients with PSC,56

which has a reported sensitivity and specificity of 89% and 75%,
respectively.52 The addition of CA 19-9 levels greater than 20 U/mL
to suspicious findings on MRI/MRCP increases the sensitivity of
detecting CCA to near 100%; however, this is at the expensive of
decreased specificity (38%).52 Transabdominal ultrasound may be
considered in lieu of MRCP given its lower cost, increased avail-
ability, and greater patient acceptability (e.g. quicker and less
claustrophobia-inciting), but in some studies its sensitivity is
seemingly lower at 57% (though specificity is higher at 94%).52

Analogous to MRI/MRCP, the use of CA 19-9 increases the sensi-
tivity of ultrasound to 91%, but again, at the expensive of decreasing
specificity to 67%.52 Thus, while imaging constitutes a vital tool,
many patients will require ERCP with tissue sampling or other
endoscopic techniques for accurate diagnosis.57,58

In the following sections, we discuss the role of various endo-
scopic techniques used in the evaluation of dominant strictures in
PSC.

4.1. Biliary brush cytology and advanced cytologic techniques

Bile duct brushings are routinely obtained for tissue sampling
during ERCP. This technique has a specificity of greater than 95% for
detecting malignant lesions; however, its sensitivity for malignant
lesions is low, ranging from 5% to 40%, with a systematic review and
meta-analysis reporting a pooled sensitivity of 43%.59e62 A
weighted scoring system, termed atypical biliary brushing score
(ABBS), has been created to help risk stratify individuals (with or
without PSC) with atypical brush cytologies. This tool assigns point
values to seven variables (1 point for age over 60, procedure indi-
cation of pancreatic mass, stricture in the distal common bile duct,
CA 19-9 over 300 U/mL; 2 points for endoscopic impression of
malignancy, common hepatic duct stricture, and the presence of
PSC), with scores over 4 associated with higher risks of malig-
nancy.63 However, this tool has not been validated.

Although regular cytology has low sensitivity for detecting
malignant lesions, fluorescence in situ hybridization (FISH) analysis
can be added to enhance the sensitivity and improve the diagnostic
yield of brush cytology. This advanced cytologic technique uses
fluorescent deoxyribonucleic acid (DNA) probes to evaluate for
chromosomal duplications or regional structural abnormalities,
findings that may suggest a malignant process through chromo-
somal instability.64e68 Studies report that FISH polysomy combined
with cytology can improve the sensitivity for malignant lesions to
45e59%, while keeping the specificity near 100%,60 and evaluating
for the deletion of the 9p21 locus (which codes for the tumor
suppressor gene p16 involved in cell cycle entry) in addition to FISH
can further increase the sensitivity to 76e89%.60,69 Furthermore,
the detection of polysomy during subsequent ERCPs (i.e. serial
polysomy) or in multiple areas of the biliary tree (i.e. multifocal
polysomy) is associated with a higher risk of CCA than isolated or
unifocal polysomy.70,71 Digital image analysis (DIA), a technique
that quantifies abnormalities of nuclear DNA, has also been shown
to have a higher sensitivity than conventional cytology, but in part
due to its lower specificity, has fallen out of favor.72

4.2. EUS

EUS can be a useful technique in distinguishing between ma-
lignant and benign biliary strictures, particularly for distal (extra-
hepatic) strictures.61,73e75 As mentioned earlier in this review, EUS
is a safer technique than ERCP given its ability to provide data
without cannulating the common bile duct. On sonography, the
presence of a pancreatic mass (causing a stricture from extrinsic
compression) and/or an irregular bile duct wall has a reported
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sensitivity for malignancy of 88% and specificity of 100%, while bile
duct wall thickness greater than 3mm has a reported sensitivity for
malignancy of 79% and specificity of 79%.76 In a meta-analysis of 36
studies comprising 3532 individuals, overall pooled sensitivity and
specificity of EUS for diagnosing malignancy was found to be 78%
and 84%, respectively.77 The addition of fine needle aspiration (FNA)
provides an even higher diagnostic yield, with a separate meta-
analysis of 9 studies (with 284 patients), demonstrating a sensi-
tivity and specificity of 84% and 100%, respectively.78 However, it
should be noted that FNA carries a possible risk of seeding malig-
nant cells along the needle track (particularly along the hep-
atoduodenal ligament), an area that may not be resected in
subsequent surgical intervention (e.g. LT).79,80 Evidence for this risk
is limited, with one study of 191 patients with CCA that underwent
transperitoneal FNA prior to LT to have a higher likelihood of
peritoneal metastases versus patients who did not undergo FNA
biopsy,79 while a subsequent retrospective study found that pre-
operative EUS-FNA in patients with CCA did not affect overall sur-
vival.81 Due to this uncertainty, patients are currently excluded
from LT evaluation per the Mayo Clinic protocol if they have un-
dergone EUS-FNA.82

4.3. Intraductal ultrasound (IDUS)

IDUS is a technique that provides real-time high-resolution
cross-sectional characterization of biliary strictures, typically per-
formed during ERCP.83e85 By inserting a high-frequency
(12e30MHz) ultrasound transducer over a wire into the pan-
creatobiliary system under fluoroscopic guidance, the endoscopist
can visualize the bile duct and its surrounding tissues.86,87

Disruption of normal bile duct wall echo layers, irregular thick-
ening or irregularity of the bile duct wall, hypoechoic sessilemasses
with signs of adjacent tissue or vascular invasion, and the presence
of enlarged lymph nodes are findings on IDUS that have been re-
ported to suggest malignancy.84,87e90 Although not often used in
clinical practice (in part due to highly variable exposure and
training in fellowship programs), published literature suggests that
IDUS is a highly accurate technique in evaluating strictures, with
significantly higher sensitivity, specificity, and accuracy over ERCP
or EUS.84,91,92 A retrospective study of 397 patients with indeter-
minate biliary strictures found the use of IDUS to provide a sensi-
tivity, specificity, and accuracy of 93%, 90%, and 91%, respectively for
distinguishing between malignant and benign strictures.93 A sub-
sequent study of 193 patients found similar results, with IDUS
providing high sensitivity, specificity, and accuracy for dis-
tinguishing malignant from benign bile duct obstruction (97%, 79%,
88%, respectively).90 Given the ability to visualize various layers of
the bile duct wall, IDUS has also been considered a tool for tumor
staging. A cohort study with 174 patients with malignant diseases
found the accuracy of identifying T1, T2, and T3 stages to be 84%,
73%, and 71%, respectively; and the accuracy rates for N0 and N1 to
be 69%.93 The low accuracy with N staging is likely due to limited
depth of ultrasound penetration. Despite these favorable reports,
IDUS is infrequently needed and not widely utilized for the evalu-
ation of dominant strictures.

4.4. Cholangioscopy

Cholangioscopy is a technique that uses a small-caliber flexible
endoscope to directly inspect the inner part of the biliary tree. First
described in 1976, the first generation of direct peroral cholangio-
scopy was expensive, fragile, and required two highly skilled
endoscopists to perform the procedure, preventing it from gaining
widespread acceptance.94,95 Subsequently, new advances in tech-
nology have allowed for crucial improvements in visualization and
technical tools, leading to revived interest in the field of chol-
angioscopy. In 2007, the SpyGlass® system (Boston Scientific Corp.,
Natick, MA, USA) was introduced, allowing for a single operator to
perform the procedure.96 However, optical quality was still subpar.
Most recently, in 2015, high-resolution cholangioscopy (SpyGlass
DS™, Boston Scientific Corp., Natick, MA, USA) was introduced,
providing significantly improved high-definition imaging of the
bile ducts.94 In the past, most studies on single-operator chol-
angioscopy (SOC) have been performed using the earlier generation
of the SpyGlass system, thus little is known about the strengths and
weaknesses of the new system. However, preliminary research
suggests that this tool will have a positive impact on our ability to
accurately diagnose biliary strictures. Of note, there are other
cholangioscopy systems, but they are not commonly used, and thus
will not be discussed in this review.

The SpyGlass DS™ platform consists of a reusable fiber optic
probe within a disposable delivery catheter (SpyScope), which is
passed through the working channel of and attached to the duo-
denoscope.97 By means of this catheter, tasks such as irrigation of
the bile duct, small tissue biopsies, as well as therapeutic proced-
ures, such as lithotripsy and ablation, can be performed.98 Chol-
angioscopy has the unique ability to examine biliary epithelial
vascular patterns for abnormalities (e.g. irregularly dilated tortuous
vessels, also known as “tumor vessels”), which are highly sensitive
and specific for malignancy when found in conjunction with
abnormal targeted biopsies.99,100 Identification and biopsy of nod-
ules, ulcers, or papillary/villous mucosal projections, all of which
suggest malignancy, is also possible with cholangioscopy.101 A
recent meta-analysis of 21 studies found that the pooled sensitivity
and specificity of SOC for the diagnosis of CCA in patients with PSC
was 65% and 97%, respectively.102 SOCwith targeted biopsies had an
accuracy rate of 96%, higher than the accuracy rate of bile duct
brushings (87%), FISH (69% for polysomy, 47% for trisomy), probe-
based confocal laser endomicroscopy (pCLE) (75%), or the combi-
nation of SOC and any of the aforementioned other ERCP-based
modalities (ranging from 73 to 90%).102 However, this technique
comes with tradeoffs; there are several reports suggesting a higher
post-procedural adverse event rate when cholangioscopy is used
(up to 20%).103e105 Furthermore, the cost-effectiveness of this sys-
tem with a single-use disposable access and delivery catheter is
unclear, though there is suggestion of cost savings.106e108 Addi-
tional large comparative diagnostic studies are warranted to vali-
date the accuracy of SOC, evaluate the true rate of adverse events,
and assess for cost savings.

4.5. pCLE

pCLE is an emerging imaging modality performed during ERCP
that provides real-time high-resolution in vivomicroscopic imaging
of the biliary epithelium. By illuminating tissue (after administra-
tion of intravenous or topical contrast, typically fluorescein) and
measuring the reflected fluorescent light, cellular and subcellular
features can be identified, allowing for differentiation of normal
architecture from neoplastic changes.109 Through the use of pCLE,
unnecessary biopsies can be avoided, and if biopsy is necessary, it
can be done with higher precision and efficiency. To standardize
terminology for describing pCLE findings in the pancreaticobiliary
ducts, a classification systemwas created (i.e., Miami classification),
with the following criteria suggestive for malignancy: the presence
of (i) thick, dark bands (>40 mm), (ii) thick, white bands (>20 mm),
(iii) dark clumps, (iv) visualized epithelium (villi, glands), and (v)
fluorescein leakage.110 These criteria have been shown to have an
overall sensitivity, specificity, and accuracy of 98%, 67%, and 81%,
respectively, for the diagnosis of malignancy in indeterminant
strictures.111 The classification was subsequently validated, with a
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consensus definition that the combination of two or more of the
Miami criteria (except fluorescein leakage) was suggestive of ma-
lignancy, providing a sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of 97%, 33%, 80%,
and 80%, respectively, compared with 48%, 100%, 100%, and 41% for
standard tissue sampling.112 Subsequently, a new set of criteria (i.e.,
Paris classification) has been proposed in an effort to improve the
low specificity of pCLE when using the Miami classification.113,114

These criteria build off of the Miami classification and provides
additional guidance to distinguish between malignant and benign
inflammatory strictures by evaluating for vascular congestion, dark
granular patterns, increased interglandular space, and thickened
reticular structures.113 A prospective, international, multicenter
study found the Paris classification to have a sensitivity, specificity,
and accuracy of 89%, 71%, and 82%, respectively, compared with
56%, 100%, and 72% with standard tissue sampling alone.115 This
represents an improvement over prior classification systems, but
the accuracy is still less than desired. Establishment of a reliable
and accurate classification system for diagnosing bile duct lesions
with pCLE remains an ongoing effort.

4.6. Optical coherence tomography (OCT) and volumetric laser
endomicroscopy (VLE)

OCT is another investigative tool that can provide real-time
in vivo cross-sectional imaging of the ductal wall at a microscopic
level. This technique is similar to EUS in principle but uses low-
intensity infrared light (at a wavelength ranging 750e1300 nm)
instead of sound, thus allowing for significantly higher resolution
images.116,117 With OCT, visualization of layer architecture (and
structures such as blood vessels, lymphoid aggregates, crypts,
submucosal glands) is possible at a level of detail approaching that
of histopathology.118e120 Although large studies comparing the
accuracy of OCT to other endoscopic modalities are lacking, several
small studies have shown that OCT can distinguish benign from
malignant lesions with superior accuracy to that of brush
cytology.121,122

Recently, VLE, a second-generation technology of OCT, has been
developed, improving on OCT by allowing for 360 degree rotation, a
wider field of view, and faster imaging processing.123 Early reports
on this technology are encouraging, but additional studies are
needed to evaluate the roles of OCT and VLE in evaluating dominant
strictures in or surveilling patients with PSC.

5. Therapeutic endoscopic interventions for dominant
strictures

Biliary obstruction of dominant strictures is a major cause of
morbidity and mortality in patients with PSC. Although the optimal
frequency, type of intervention, and degree to which endoscopic
intervention delays the progression of PSC has been largely unclear,
ERCP remains an important tool for the management of dominant
strictures, with the goal of relieving biliary obstruction and reducing
serum alkaline phosphatase level to below 1.5 times the upper limit
of normal (which has been shown to be associated with improved
survival and a reduced risk of CCA in patients with PSC).124,125 Pa-
tients with symptoms of biliary obstruction, such as jaundice, pru-
ritus, right upper quadrant pain, worsening biochemical profile, and
cholangitis are generally thought to be appropriate candidates for
endoscopic therapy, with therapeutic options including balloon
dilation and stent placement, both of which can be utilized either
alone or in combination. A percutaneous approach is also an alter-
native to endoscopic therapy for relieving biliary obstruction, but is
associated with increased morbidity and mortality, and thus
reserved for the patients who have failed an endoscopic
approach.126 In the following sections, we discuss the roles of
various endoscopic methods currently employed in relieving biliary
obstruction in patients with PSC (Fig. 6).

5.1. Balloon dilation

The American Association for the Study of Liver Diseases (AASLD)
currently recommends that endoscopic biliary stricture dilation be
the initial treatment of dominant strictures.127 In balloon dilation, a
balloon catheter is introduced into the stricture, inflated for 30e60
seconds until the stricture opens, and then deflated and withdrawn
(Fig. 7A). Strictures are typically dilated up to the maximum diam-
eter of the ducts, and may require several (on average 2e3 times)
serial dilations 1e4 weeks apart for technical success (no narrowing
or obstruction of contrast medium through the previously stenosed
biliary segment on fluoroscopy).18,36,128 In a large prospective study
of 500 endoscopic balloon dilations in 96 patients, symptoms of
biliary obstruction as well as biochemical profile were improved
with balloon dilation, and transplant-free survival rates after five
and ten years were 81% and 52%, respectively.129

5.2. Stenting

Stenting is another option to open up a dominant stricture,
though often reserved for cases wherein dilation alone appears to
be inadequate or unable to provide durable benefit (Fig. 7B).18 In
most large studies of endoscopic treatment using stent, plastic
stents measuring 7 to 10 Fr in diameter have been used.18 A shorter
stent duration (approximately 1e2 weeks) is generally preferred
over a longer stent duration (8e12 weeks) due to the increased risk
of premature stent occlusion over time (which would require “early
repeat” therapeutic ERCP) in patients with PSC; furthermore,
similar efficacy has been shown regardless of the duration of
stenting.130e132 In a retrospective study of 32 patients with PSC that
underwent short term stenting (mean duration of 11 days),
symptoms of pruritus, fatigue, and right upper quadrant abdominal
pain improved in 83% of patients after 2 months. Furthermore, at 1
and 3 years, 80% and 60% of patients, respectively, did not require
further interventions.132 Despite the potential ability to maintain
dilation and prevent rapid re-occlusion of a stenosed bile duct,
stenting carries multiple disadvantages, including: (i) the need for
repeating ERCP for stent removal, (ii) the risk of worsening chole-
stasis and the development of cholangitis if re-occlusions are to
occur, and (iii) an increased risk for bacterial translocation and
colonization of the biliary tree.133 Microbiological studies have
found rates of bacterobilia as high as 98% in patients with biliary
stent placement compared with 55% in patients without a stent.134

Furthermore, patients with stents are more likely to have poly-
microbial cultures with high-grade pathogens.134 This is especially
troublesome as patients with PSC appear to have difficulty clearing
biliary infections even after courses of antibiotics.135

Historically, the use of stenting has been based on endoscopist's
preference and expertise. In fact, the European Association for the
Study of the Liver (EASL) and European Society for Gastrointestinal
Endoscopy (ESGE) guidelines also suggest that the choice between
stenting and balloon dilation should be left to the endoscopist's
discretion.18 However, only balloon dilation has been reported to
show significant improvement in LT-free survival when compared
to predicted revised Mayo Risk Score.36,48,136,137 Furthermore, a
recently published multicenter randomized trial (DILSTENT2) of 65
patients with PSC and a dominant stricture found that short-term
stents were not superior to balloon dilation and were associated
with a significantly higher occurrence of adverse effects.138 Thus,
we currently recommend balloon dilation as the first line therapy in
the majority of cases.



Fig. 7. Treatment of a dominant stricture in a patient with PSC. Description: (A) Endoscopic balloon dilation of a dominant stricture. (B) Placement of a self-expandable metallic
stent (SEMS) in a patient who experienced rapid stricture recurrence following balloon dilation alone and also following balloon dilation with plastic stent placement. Abbreviation:
PSC, primary sclerosing cholangitis.

Fig. 6. Simplified overall management algorithm of dominant strictures in patients with PSC. The overall management of dominant strictures depends on whether malignancy
is found. Balloon dilation is the preferred initial treatment modality for benign strictures, while palliative stenting is the preferred initial treatment for (unresectable) malignant
strictures or for benign dominant strictures that are refractory to balloon dilation. Abbreviations: CA 19-9, carbohydrate antigen 19-9; ERCP, endoscopic retrograde chol-
angiopancreatography; PDT, photodynamic therapy.
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5.3. Topical mitomycin C

Mitomycin C is an aziridine-containing chemotherapeutic agent
that is currently used intravenously and topically for its antitumor
activity.139 It has also been reported to have a role in preventing
scar formation following various surgical procedures by slowing
down fibroblast cell division and proliferation.140,141 Thus, it is hy-
pothesized that mitomycin may be able to slow down the pro-
gression of biliary strictures in patients with PSC.142 A phase 2 study
is currently underway to evaluate the efficacy of intrabiliary
installation of mitomycin C during ERCP (ClinicalTrials.gov identi-
fier: NCT01688024).

http://ClinicalTrials.gov
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6. Palliative endoscopic interventions for PSC-associated CCA

Surgical resection offers the only potentially curative therapy for
malignant biliary obstruction. However, a majority of patients
present with unresectable lesions, prompting the role of palliative
endoscopic intervention.143 From a palliative perspective, endo-
scopic biliary drainage with biliary stent placement can relieve
acute biliary obstruction and its associated symptoms (pruritus,
jaundice, malaise, fat malabsorption), prevent liver failure due to
progressive biliary obstruction, improve overall quality of life, and
reduce the number of repeated hospitalizations and health care
costs due to the aforementioned sequelae of untreated obstructive
cholestasis.144While percutaneous biliary drainagewith or without
percutaneous stenting is another option in relieving biliary
obstruction, the endoscopic route is typically preferred, as it is less
invasive, more comfortable for patients (eliminating the need for an
external bag), and avoids the risk of tube-related complications,
such as hemorrhage, infection, bile leakage, and pleural complica-
tions.143 Both plastic stents and self-expandable metallic stents
(SEMSs) can be used for the palliation of distal bile duct obstruc-
tion, with various benefits and limitations. Plastic stents are less
expensive compared with SEMSs (in patients surviving 3e6
months or less) and can be more easily replaced if they become
occluded,145 but they have limited patency due to their narrow
lumen limited up to 12 Fr, compared to SEMSs with diameters as
large as 30 Fr or 10mm. Comparison studies between plastic and
SEMSs have shown that the patency rates of SEMSs were superior
to those of plastic stents for distal biliary obstruction (10e12
months vs. 3e4 months, respectively).146e149 Thus, despite its high
costs, the insertion of SEMSs is generally recommended in patients
with a life expectancy greater than 3e6 months, as the higher costs
are offset by lower incidences of re-intervention and hospitaliza-
tions for complications.150,151

In addition to stenting, there are other modalities of palliation
which show promise. These include endoscopic photodynamic
therapy, radiofrequency ablation, and high-intensity ultrasound
therapy.152e156 It remains to be determined whether these mo-
dalities will improve survival in patients with advanced unresect-
able CCA.

7. Adverse events post-ERCP in PSC

Although commonly performed in clinical practice, ERCP is an
invasive procedure that has significant risks. In patients without
PSC, ERCP-specific adverse events are estimated to occur at a rate of
3e11%, with a systematic review of 21 surveys involving 16,855
patients revealing a complication rate of 6.85%.157,158 In patients
with PSC, the reported rate of overall post-ERCP adverse events is
thought to be higher (in most studies), with an estimated compli-
cation rate ranging from 7% to 18%, predominantly consisting of
complications from post-ERCP pancreatitis (PEP) and post-ERCP
cholangitis (PEC).48,159e163 The risks of perforation and bleeding,
however, does not appear to be increased compared to patients
without PSC.159 Despite these statistics, the overall risk of ERCP in
PSC is thought to be acceptable when the procedure is performed
by experienced pancreaticobiliary endoscopists.18,161,164,165

7.1. PEP

PEP is the most common and feared complication associated
with ERCP, with published literature suggesting an occurrence rate
of 5e10% in patients with PSC undergoing ERCP.159,163,166 PSC has
also been shown to be an independent risk factor for PEP, with a
two-fold increase in risk over patients without PSC.163 While the
mechanism for this higher complication rate is unclear, it is
hypothesized that the increased complexity of ERCP (and thus
increased procedure times) in patients with PSC, the presence of
distal biliary strictures leading to greater papillary manipulation,
and the performance of therapeutic procedures (e.g. biliary brush
cytology, sphincterotomy, stenting and dilation) lead to the
increased risk of PEP in patients with PSC.18 Of note, biliary
sphincterotomy performed during ERCP may increase the risk of
PEP (as well as the risk of bleeding and perforation) immediately
after the procedure, but is protective against PEP during subsequent
ERCPs (which are commonly needed in patients with PSC) by
facilitating easier biliary cannulation in future procedures.163

Several peri-procedural strategies have been shown to reduce
the incidence and severity of PEP, including aggressive fluid hy-
dration (particularly with lactated Ringer's solution),167e169 routine
use of rectal non-steroidal anti-inflammatory drugs (NSAIDs)
(relative risk (RR) 0.36, number needed to treat (NNT) 15),170,171 and
pancreatic duct stenting (in patients at high risk of PEP, absolute
risk reduction of 12%).172e174 Both the administration of NSAIDs
(particularly diclofenac or indomethacin administered rectally)
immediately before or after ERCP (in patients without contraindi-
cations to NSAIDs) and the use of pancreatic duct stenting in high
risk patients are strongly recommended by the ESGE and have been
found to be cost-effective.175e177

7.2. PEC

The risk of PEC in patients with PSC has been difficult to assess as
bacterial cholangitis and bacteriobilia are not infrequent findings
among patients with PSC (regardless of whether ERCP has been
recently performed).44 Furthermore, ERCP is often performed for
patients with abdominal pain and abnormal serum liver tests,
which may be the initial presentation of subclinical acute bacterial
cholangitis; thus, it is often unclear whether bacterial cholangitis
was already present prior to endoscopic intervention or is a
complication of ERCP. Regardless, PEC has been reported to occur in
0.6e8% of patients, and proper preventative measures should be
taken.48,136,159e163,165 Patients with PSC undergoing ERCP should
receive prophylactic peri-procedural antibiotics as well as a short
course of oral antibiotics that cover biliary flora (e.g. enteric gram-
negative organisms and enterococci) for 3e7 days after the pro-
cedure to decrease the risk of PEC.18,21,178 In a Cochrane meta-
analysis of 9 randomized controlled trials (RCTs) including 1573
patients, the prophylactic use of antibiotics reduced the risk of
cholangitis, sepsis, bacteremia, and pancreatitis (RR 0.54, RR 0.35,
RR 0.50, RR 0.54, respectively).179 Other measures to reduce the risk
of PEC include minimizing contrast injection during ERCP, aspi-
rating bile immediately after biliary cannulation, and aspirating the
injected contrast from the biliary tree at the end of the procedure to
removal viscous fluid from the biliary tree, facilitating drainage of
bile and reducing the risk of PEC.180

8. Cholangiographic classification of PSC and prognostic
significance

PSC is a heterogenous disease, with a wide range of disease
phenotypes. To better describe cholangiographic findings, Chen
and Goldberg181 published the first ERCP criteria for ductal changes
in 1984. Subsequently, the classification has been modified by
Majoie et al.182 and Ponsioen et al.,6 with the classification of Pon-
sioen et al. now validated and shown to correlate with patient
prognosis.183 The classification characterizes the radiographic ap-
pearances of the biliary tree based on severity (e.g. degree of nar-
rowing/irregularity of the biliary ducts, visualization of dilated
regions, degree of obliteration of the ducts) and then provides a
resultant score based on the degree of intrahepatic and
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extrahepatic involvement.183 There are also other classifications
that have recently been proposed. Robles-Medranda et al.184 pro-
posed a novel classification system using a new set of definitions,
which in a single-centered non-randomized study, appeared to
improve sensitivity and specificity to 96% and 92%, respectively,
with a PPV and NPV of 93% and 96%, respectively. Another group
has proposed the Edmonton classification which attempts to
stratify patients with PSC and extrahepatic dominant strictures
based on differences in phenotypic expression seen on cholangio-
scopy.185 The clinical usefulness of these classification systems is
yet to be determined.

9. Conclusions

PSC is a rare, premalignant cholangiopathy characterized by
fibroinflammatory obliteration of the intrahepatic and/or extrahe-
patic biliary tree. Due to the nature of its many manifestations and
complications, as well as the lack of effective pharmacotherapies,
biliary endoscopy plays a significant role in the care of patients with
PSC. Although ERCP has largely been replaced by MRI/MRCP and
serum biomarkers for initial diagnosis, ERCP continues to be the
primary modality for advanced diagnostics and treatment of PSC-
related complications. Advanced endoscopic tools such as ERCP
with FISH, EUS, IDUS, and cholangioscopy appear to be effective
tools that have increased the diagnostic accuracy of evaluating
dominant strictures for malignancy over the past several decades.
In addition, the treatments of dominant strictures through the use
of balloon dilation and stenting have significantly improved patient
morbidity and quality of life. While endoscopic intervention is an
invasive procedure that carries associated risks, we believe the
results are generally favorable, especially when appropriate pro-
phylactic strategies are taken and the patient is in experienced
hands.
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