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Abstract

Primary sclerosing cholangitis (PSC) is a rare but prominent fibroinflammatory
cholangiopathy which can affect individuals of essentially any age. It carries a
median survival of 15-20 years, regardless of age at diagnosis, and is a foremost
risk factor for cholangiocarcinoma. Given the chronic and progressive nature of
PSC, its inherent risk for biliary tract and other complications, and the paucity of
effective pharmacotherapies, endoscopy plays a major role in the care of many
patients with this disorder. In this review, we discuss the endoscopic
management of PSC, including established and evolving approaches to the
diagnosis and treatment of its benign as well as malignant sequelae. Owing to the
rarity of PSC and dearth of high-quality evidence, we propose pragmatic
approaches based on both currently available data and expert opinion.
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Core tip: Primary sclerosing cholangitis is a chronic, inflammatory condition of the
biliary tract associated with several biliary and extrabiliary complications requiring
endoscopic evaluation, treatment, and surveillance.
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INTRODUCTION

Primary sclerosing cholangitis (PSC) is a chronic, progressive cholestatic disease of
unknown pathogenesis that is characterized by inflammation and stricturing of the
biliary system. The incidence of PSC worldwide is heterogeneous, with studies
reporting prevalence rates ranging from as low as nearly 0 to as high as 14 patients
per 100000 individuals, depending on which region is studied”. The mean age at the
time of diagnosis of PSC is approximately 40 years old, and 60% of patients diagnosed
with PSC are malel’l. Notably, PSC is associated with inflammatory bowel disease
(IBD); indeed, roughly 70% of patients diagnosed with PSC are at some point in their
lives also diagnosed with IBD (before, contemporaneous with, or after the diagnosis
of PSC), though this too is geoepidemiologically variablel“l.

Although many patients with PSC are asymptomatic at the time of diagnosis, the
long-term consequences of PSC can be severe and even lethal. The median liver
transplantation-free survival for patients with PSC is approximately 15-20 yearst. The
shortened survival is in large part related to the fact that PSC is a mutagenic condition
associated with several different malignancies including cholangiocarcinoma (CCA),
gallbladder carcinoma, colorectal cancer, and hepatocellular carcinoma, among
others. The chronic parenchymal inflammation associated with PSC over time also
leads to the development of liver cirrhosis, which although a precursor for
hepatocecullar carcinoma, is not required for the development of other malignancies.

Despite years of research, there remains an absence of pharmacologic therapies to
safely and effectively stem the inflammatory cascade driven by PSC that results in
biliary strictures and the development of malignant complications. Therefore,
physicians often have to rely on endoscopy to help manage patients during the PSC
disease course. This review focuses on the role of biliary as well as luminal endoscopy
in the diagnosis, management, and surveillance of PSC and its complications.

DIAGNOSIS OF PSC

Approximately 50% of patients diagnosed with PSC are initially asymptomatic;
therefore, clinicians must maintain an index of suspicion that their patient may have
PSC if characteristic abnormalities are discovered in laboratory, imaging,
cholangiographic, and histologic studies!l. At the time of diagnosis, patients with PSC
are often found to have chronically elevated serum liver tests with a cholestatic
pattern of liver injury. Cholangiography will usually demonstrate diffuse intrahepatic
and/or extrahepatic biliary ductal irregularities characterized by areas of alternating
stricture and dilation, though a small subset of patients with PSC (approximately
10%) will have a negative cholangiogram, a phenotypic variant of PSC referred to as
“small duct PSC”. Liver biopsy in patients with PSC typically shows evidence of
periductal fibrosis, chronic nonsuppurative cholangitis, and ductular reaction, though
classic “onion skin” features are not commonly seen on biopsy specimens. Notably,
with the exception of small duct PSC and rare instances, clinicians often can rely on
cholangiographic and serum laboratory data to establish a diagnosis of PSC, i.e.,
without obtaining a liver biopsy.

From a historical perspective, direct cholangiography by endoscopic retrograde
cholangiography (ERC) was first described in the early 1970s and, for years, had a
central role in a clinician’s diagnostic approach to PSCUl. Prior to the development of
ERC, PSC was rarely diagnosed due in large part to the inability to reliably image the
biliary tree. ERC in PSC demonstrates a classic “beads on a string” appearance of the
intrahepatic and extrahepatic ducts, representing diffuse ductal stricturing alternating
with proximal ductal dilation. The use of ERC for the diagnosis of PSC shed light on
the different phenotypic variants of the disease (Table 1). For example, it permitted
the recognition that there are patients with PSC with solely intrahepatic strictures,
solely extrahepatic strictures or, in some cases, both intrahepatic and extrahepatic
strictures. The classification of the different phenotypic variants by cholangiography
and liver biopsy is key as each variant demands its own nuanced diagnostic and
management approach.

In the past decade, for patients with suspected PSC, there has been a shift from ERC
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Table 1 Phenotypic variants of primary sclerosing cholangitis

Phenotype Cholangiographic features Liver histology features
Classic PSC Multifocal intrahepatic and extrahepatic strictures  Typical findings of PSC (e.g., non-suppurative
and resultant upstream (i.e., proximal) ductal paucicellular cholangitis, periductal fibrosis,
dilation ductular reaction, and ductopenia)
Intrahepatic PSC Multifocal intrahepatic strictures and resultant Typical findings of PSC
upstream (i.e., proximal) segmental ductal dilation

Extrahepatic PSC Extrahepatic only strictures and resultant Non-diagnostic or non-specific features of

upstream (i.e., proximal) ductal dilation cholestasis, particularly in early stage disease
Small-duct PSC Normal Typical findings of PSC

All of the above phenotypes will generally have a cholestatic serum biochemical profile, though a small minority of patients can have normal serum liver
tests. PSC: Primary sclerosing cholangitis.

to a non-invasive diagnostic option-magnetic resonance cholangiopancreatography
(MRCP). MRCP uses heavily T2-weighted image sequences to highlight the biliary
system and is useful for the diagnosis of several different biliary disorders such as
choledocholithiasis, CCA, and sclerosing cholangitis (including PSC). Technologic
advancements (such as ultrafast T2-weighted imaging sequences and three-
dimensional reconstruction via maximum intensity progression) have amplified the
role of MRCP in the diagnosis of PSCI'l. Compared to ERC, MRCP allows for better
visualization of smaller, proximal branches of intrahepatic ducts and, therefore, may
be a superior modality for the diagnosis of PSC phenotypes that do not primarily
involve the extrahepatic and/or perihilar ductsl’l. Over the last two decades, meta-
analyses and cost-effectiveness studies have demonstrated that MRCP is at least
equivalent to ERC as the initial modality to provide cholangiographic evidence of
PSC[I(],II].

Although the role of ERC in the initial diagnostic approach to PSC is diminishing,
there are scenarios where ERC may be required. For example, in instances where
MRCP is negative in the diagnosis of patients with a high pre-test probability of PSC
based on other clinical features, ERC is a reasonable next step. ERC is also appropriate
for patients who cannot tolerate MRCP due to contraindications (such as non-MRI
compatible implanted cardiac devices) or issues such as respiratory illness (with
inability to breath hold) or metallic foreign bodies that can cause image artifacts or
safety concerns.

ENDOSCOPY FOR EXTRABILIARY SURVEILLANCE OF PSC

Once the diagnosis of PSC is established, the role of endoscopy expands. While the
majority of this review will focus on the role of biliary endoscopy in the surveillance
and management of PSC and its complications, it is also important to consider the
extrabiliary role of endoscopy in PSC (Figure 1). As mentioned earlier, the majority of
patients with PSC are found to have underlying IBD. Therefore, it is recommended
that patients undergo a colonoscopy to evaluate for possible IBD once a diagnosis of
PSC has been established. Concomitant PSC in patients with IBD has been shown to
be an independent risk factor for the development of colorectal cancer, therefore it is
recommended that colonoscopies be performed annually as part of dysplasia
surveillance in these patients!'*°.

During dysplasia surveillance for patients with IBD, it is recommended that
endoscopists obtain four quadrant biopsies sequentially while withdrawing the
colonoscope after cecal intubation is achieved!'”). Recently, however, researchers have
raised questions about the appropriateness of this approach given concerns that the
majority of the colon is left unsampled!""l. Research has since focused on the possible
benefits of chromoendoscopy for dysplasia surveillance in IBD patients (Figure 2). A
recent meta-analysis demonstrated that chromoendoscopy had a dysplasia detection
rate of 7% compared to 5.1% in the traditional random biopsy cohort. Future studies
are needed to demonstrate a benefit to chromoendoscopy and its cost-effectiveness in
PSC-associated IBD and are likely to produce clinically meaningful results that would
change our approach to dysplasia surveillance for these patients!'’l.

Upper gastrointestinal pathology, though not as commonly recognized, is also
important to bear in mind in patients with PSC. Indeed, the hepatobiliary
inflammation in PSC (akin to primary biliary cholangitis) can result in focal portal
tract fibrosis resulting in portal hypertension before the development of widespread
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"Esophageal varices
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Figure 1 Overview of endoscopic surveillance of primary sclerosing cholangitis. AASLD: American Association for the Study of Liver Diseases; CA 19-9:
Carbohydrate antigen 19-9 serum tumor marker; EGD: Esophagogastroduodenoscopy; PSC: Primary sclerosing cholangitis; PSC-IBD: Inflammatory bowel disease

co-existing with primary sclerosing cholangitis.

cirrhosis, thus rendering patients with PSC at risk for esophageal varices and other
sequelae. In a large cohort study of 283 patients with PSC from the Mayo Clinic, 36%
were found to have esophageal varices, the majority of which were moderate or large
in size; of the patients found to have esophageal varices, 47% were identified as not
having cirrhosis on liver biopsyl. Practice guidelines support performing
esophagogastroduodenoscopy for variceal screening in patients with PSC who
develop cirrhosis”*1. One area of controversy, however, is whether there is a role for
variceal screening in patients with PSC without cirrhosis. At this time, guidelines limit
variceal screening to only those with evidence of advanced liver fibrosis; however,
clinicians should be aware of the possibility of varices in patients with PSC before the
development of cirrhosis®!.

DIAGNOSIS AND MANAGEMENT OF DOMINANT
STRICTURES

Due to the invasive nature and potential complications associated with ERC, it should
generally be limited to instances where there is concern that patients have developed
complications requiring intervention and/or tissue sampling, such as
choledocholithiasis, acute cholangitis, or a dominant stricture. Development of a
dominant stricture is a relatively common but also feared complication of the PSC
disease course. Dominant strictures are loosely defined as extrahepatic strictures of
less than or equal to 1.5 mm or intrahepatic strictures greater than or equal to 1.0 mm
in diameter (Figure 3)I*1. Published reports suggest that 40%-58% of patients with PSC
will develop a dominant stricture during their lifetime™-**l. This is of particular
importance as patients with PSC who develop dominant strictures have a mean
survival of 14 years compared to 27 years in patients who do not develop dominant
strictures”l. Moreover, the presence of a dominant stricture is itself associated with an
increased risk of developing CCAP*1, Clinicians should become concerned about the
possibility of a dominant stricture (and the potential for underlying CCA) when a
patient develops subacute worsening of right upper quadrant pain or laboratory
abnormalities suggestive of worsening biliary obstruction, though in many cases, a
dominant stricture is found (incidentally) during routine CCA surveillance, as
discussed further below!'.

Reishidenge WJGE | https://www.wjgnet.com 87 February 16,2019 | Volume1l | Issue2 |



Marya NB et al. Role of endoscopy in the management of PSC

Figure 2 Example of the use of chromoendoscopy in a patient with primary sclerosing cholangitis. In this
example, the colon was irrigated using a methylene blue solution. Targeted biopsies were obtained in a region of the
sigmoid colon where decreased uptake of methylene blue revealed a diffusely flat, nodular region. Pathology
revealed multifocal low-grade dysplasia requiring total proctocolectomy.

Once patients become symptomatic (i.e., develop pruritus, jaundice, or cholangitis)
or develop laboratory abnormalities consistent with worsening cholestasis and there
is evidence that a dominant stricture has developed, endoscopic intervention with
ERC is warranted. Once a dominant stricture has been identified, a key step (in
addition to remediating the stricture) is to distinguish whether or not it is benign or
malignant (i.e.,, CCA). In one retrospective study of 20 patients with PSC with new
dominant stricture formation, 35% of the patients were found to have underlying
malignancy™. Therefore, it is of critical importance to consider and rule out the
possibility of malignancy when such strictures are identified. For diagnostic
evaluation of dominant strictures, a newer technology, single-operator
cholangioscopy (SOC), is available to provide targeted sampling under visual
guidance. Currently, an indication for SOC is to provide a definitive diagnosis for any
patients with indeterminate strictures following biliary brushing or random biopsies.
The mean sensitivity of biliary biopsies of all indeterminate strictures via SOC for
diagnosing underlying malignancy is 68%, which is slightly better than random
brushings and biopsies (59% and 63 %, respectively)*l. For patients with PSC, one
would expect that the diagnostic performance of SOC is even lower, therefore, the
challenge of detecting underlying malignancy is even more difficult. One of the
potential limitations of SOC in patients with PSC is that SOC catheters are large in
diameters (measuring 10 french) and can be difficult to insert into and through
stenosed areas of the biliary system. An important benefit of SOC, at least in theory, is
that in addition to directed biopsies, SOC offers direct visualization of the biliary
mucosa within dominant strictures and thereby provide valuable diagnostic
information. Visualization and characterization of stricture phenotypes (through
advanced techniques such as narrow band imaging and probe-based methodologies)
could improve how we characterize these strictures in the future; however, at present,
the role of SOC in the initial evaluation of dominant strictures is still being defined
through ongoing studies!*'.

Another important consideration when evaluating possible malignancy in PSC is
the role of endoscopic ultrasound (EUS) and fine needle aspiration/core needle
biopsy (FNA/ENB). If a patient has evidence of perihilar lymphadenopathy,
endoscopists should be cautious, however, with transperitoneal sampling via EUS.
Transperitoneal sampling of tumors or malignant lymph nodes carries a risk of
microscopic seeding of malignant cells. In a study of 191 patients with unresectable
Klatskin tumors, transperitoneal sampling was associated with peritoneal metastases
in 83% of patients compared to 8% in those who did not have EUS-FNA /FNB!"l.
Therefore, protocols of liver transplantation for patients with CCA exclude those who
have undergone percutaneous or transperitoneal biopsies of suspected malignancy
due to concern for microscopic seeding!*’.

In the last decade, an emerging modality for the evaluation of indeterminate
strictures is confocal laser endomicroscopy (CLE). CLE provides real-time information
to endoscopists regarding microscopic tissue composition of the biliary
subepithelium. After a contrast agent (e.g., fluorescein) is injected and used to stain
the extracellular matrix of tissues, resultant high-contrast images allow for analysis of
the subepithelial architecture of the target area and potential differentiation of
neoplastic from benign tissuel*). A study published in 2011 demonstrated that CLE
had an accuracy of 81% for correctly diagnosing the underlying pathology of
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Figure 3 Examples of dominant strictures (arrow) in primary sclerosing cholangitis patients as seen on
magnetic resonance cholangiopancreatography (A) and on endoscopic retrograde cholangiography (B).

indeterminate strictures and was superior in diagnostic performance compared to
ERCP with random brushings!’. Specifically when used for patients with PSC with
dominant strictures, CLE has been shown to be more sensitive for the detection of
neoplastic tissue compared to traditional brushings or biopsies!*l. Further study of
CLE will be necessary to validate the technique and support its use in the algorithm
for evaluating dominant strictures.

While ruling out underlying malignancy in a patient with a dominant stricture, a
contemporaneous step is to consider what therapeutic intervention to perform to
relieve worsened biliary obstruction posed by the dominant stricture. Some
researchers hypothesize that decreasing episodes of cholangitis and limiting
inflammation secondary to dominant strictures via biliary interventions may decrease
the risk of CCA in patients with PSCF*1. When an intervention for a dominant
stricture is indicated, a frequent question faced by gastroenterologists, hepatologists,
and endoscopists is what specific endoscopic intervention to pursue (i.e., stricture
dilation or short-term stenting or both) (Figure 4). To help address this question, a
randomized controlled trial was recently performed in 9 centers across Europe. In this
study, patients were randomized to one of two groups - either balloon dilation alone
or short-term stent placement for a maximum of 2 wk. Patients were then followed for
24 mo. The primary outcome of the study was cumulative recurrence-free patency of
dominant strictures. The study was ended early after an interim analysis
demonstrated futility and that there were significantly more treatment-related
adverse events in the group that received short-term stenting. Specifically, the
patients who received short-term stenting had higher rates of post-ERCP pancreatitis
as well as acute cholangitis compared to the patients who had balloon dilation alone.
But whether more tailored use of a stent for specific scenarios or use of a fully-covered
self-expanding metallic stent would have resulted in more favorable outcomes with
stenting is unknown. Further data are required to provide recommendations
regarding whether patients should undergo balloon dilation without short-term
stenting for first-line management of dominant strictures, potentially saving stenting
for only those cases wherein balloon dilation alone does not result in improved biliary
drainage*’.

ROLE OF ENDOSCOPY IN SURVEILLANCE FOR CCA

The development of CCA is ostensibly the most severe complication for patients with
PSC. The cumulative 30-year risk of developing CCA in PSC is approximately 20%".
Treatment options for CCA are limited, as is reflected by the 5-year survival rate for
patients following this diagnosis of less than 10%!*.

A multimodal approach is necessary to provide surveillance for CCA in patients
with PSC. Currently, such an approach includes using annual serum laboratory
testing and abdominal imaging (e.g., via MRCP) in addition to routine follow-up and
labwork. The former would entail measurement of carbohydrate antigen 19-9 (CA 19-
9), the only available biomarker for CCA (Figure 5). Choosing a CA 19-9 cutoff value
of 220 U/mL improves sensitivity to nearly 100% at the cost of low specificity and
accuracy (38% and 47%, respectively). Conversely, choosing a CA 19-9 threshold of >
129 U/mL increases specificity, but at the cost of decreased sensitivity™**!l. It is also
important to not completely rely on CA 19-9, as 7% of the general population have a
negative Lewis Antigen and, therefore, does not produce CA 19-9F.
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Figure 4 Examples of endoscopic management of a dominant stricture in a primary sclerosing cholangitis
patient using balloon dilation (A) and short-term stenting (B).

If the combination of imaging and serum biomarkers is suggestive of findings
concerning for CCA, the role of endoscopy and, particularly, ERC is to provide
additional diagnostic information to help make a formal (tissue) diagnosis. This can
be done by obtaining biliary brushings for cytology (which can include fluorescence
in situ hybridization), acquiring targeted biopsies via fluoroscopy and/or
cholangiosopy, or by providing a visual assessment of the stricture using
cholangioscopy™™.

In addition to surveillance for CCA, societal guidelines also recommend that
Ppatients receive screening for gallbladder cancer. In patients with PSC, the estimated
(lifetime) incidence of gallbladder cancer ranges from 3%-14%. Thus, in addition to
the screening recommendations above, patients should undergo abdominal
ultrasound annually to assess for gallbladder polyps and other potentially (pre-
)cancerous changes!”l.

COMPLICATIONS OF ENDOSCOPY IN PATIENTS WITH PSC

As has been alluded to throughout this article, although endoscopy has a very
important role in the management and surveillance of patients with PSC,
gastroenterologists will try to limit endoscopic interventions (especially ERC) in
patients with PSC due to concerns of causing complications. In 2009, a Mayo Clinic
study compared the rate of complications of over 1000 patients with and without PSC
undergoing ERC. This retrospective review demonstrated no significant difference in
the overall rate of complications in patients with PSC and those without PSC; there
was, however, a significantly higher rate of subsequent acute cholangitis in patients
with PSC compared to those without PSC (4% vs 0.2%, respectively). A seemingly
contributing factor to the development of cholangitis in patients with PSC was the
length of the ERC procedure, as patients with PSC who developed cholangitis had an
average procedure length of almost 90 min compared to 50 min in those who did not
develop cholangitist™l.

Different therapeutic maneuvers during ERC have varying rates of complications.
For example, in one prospective study of over 500 balloon dilations of dominant
strictures in 96 patients, significant adverse events such as pancreatitis (2.2%), acute
cholangitis (1.4%), and bile duct perforation (0.2%) occurred rarely””. As mentioned
previously, however, a recent randomized controlled trial suggests that short-term
stenting of dominant strictures appears to carry a higher risk profile compared to
balloon dilation. Short term stenting was associated with a higher rate of acute
cholangitis (12%) and post-ERC pancreatitis (24%). The overall rate of complications
in patients randomized to a short-term stenting protocol compared to balloon dilation
was also much higher (45.4% vs 6.7 %),

The hypothesis behind the increased rate of post-ERC pancreatitis with stenting in
patients with PSC is that compared to patients without PSC, the papilla in PSC is
often small and retracted. Therefore, in addition to potentially more difficult
cannulation, placement of a stent across such a small papilla may have a much higher
chance of blocking off the pancreatic duct, thereby leading to pancreatitis. This
hypothesis is supported by the fact that studies suggest that a prior sphincterotomy is
protective against the development of post-ERC pancreatitis in patients with PSCFl,
Similarly, stenting carries an increased risk of blocking off the cystic duct or
intrahepatic ducts, which can lead to cholecystitis or acute cholangitis, respectively.
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Annual CCA surveillance with abdominal

US or MRCP plus serum CA 19-9 | Negative/normal
results
Positive result(s) [T
v v
CA 19-9 = 20 U/mL or CA 19-9 = 20 U/mL and Liver mass
dominant stricture, biliary imaging worrisome for CCA
dilatation, or ductal
Consider MRCP if imaging
modality used was ERC with sampling for
ultrasound cytology and FISH
> Duct-based mass
All negative, cytology Cytology suspicious Cytology Cytology Mu!ti—
atypical, and/or FISH or FISH polysomy suspicious and positive —>| specialty
trisomy or tetrasomy FISH polysomy for CCA carz.a
i ¢ planning
MRCP in ERC £ MRCP in ERC £ MRCP in
6 mo 4-6 mo 3-4 mo x2
v v
Resume MRCP every MRCP every
baseline 6 mo x 2 6 mo
surveillance

Figure 5 Proposed surveillance algorithm for cholangiocarcinoma in patients with primary sclerosing cholangitis. CCA: Cholangiocarcinoma; US:
Ultrasound; MRCP: Magnetic resonance cholangiopancreatography; CA 19-9: Carbohydrate antigen 19-9; ERC: Endoscopic retrograde cholaniography; FISH:

Fluorescence in situ hybridization.

This is of particular concern in patients with PSC compared to those without PSC
because of the several strictures laden throughout the biliary tree that already result in
impaired biliary drainagel®".

SYNOPSIS AND FUTURE DIRECTIONS

In this review article, we have discussed how the role of endoscopy has shifted over
the past 4 decades and also highlighted important questions that still are yet to be
addressed.

Originally, ERC was the premier diagnostic modality available for PSC and was
central to our recognition of PSC and developing an understanding of the various PSC
phenotypes. As non-invasive methods of imaging of biliary anatomy emerged, the
role of endoscopy has changed, but endoscopy still remains a pillar of PSC
management. We now rely on ERC for the diagnosis of PSC when a patient cannot
undergo MRCP, for the surveillance of extrabiliary manifestations of, and for the
management and surveillance of biliary complications of PSC.

New research continues to provide gastroenterologists guidance with how to best
use endoscopic techniques to manage patients with PSC. Specifically, and for
example, just within the last year a randomized controlled trial has provided us with
important new data regarding how we manage dominant strictures in PSC.

Clinical questions that remain to be answered and that could change the role of
endoscopy in the future management of PSC are several: (1) Is there a benefit to
chromoendoscopy compared to high-definition white light colonoscopy for dysplasia
surveillance in patients with PSC-IBD? (2) Do patients with PSC without cirrhosis
require variceal screening? (3) What is the role of cholangioscopy in CCA
surveillance? (4) In light of the increased risk of complications, when should
endoscopists perform short-term stenting of dominant strictures instead of or in
addition to balloon dilation? (5) Would fully-covered self-expanding metallic stents
fare better in PSC, though at what (monetary) cost? And (6) What is the role of CLE
and other novel techniques in the diagnostic approach to dominant strictures?

We anticipate and encourage that these questions and others be addressed
collaboratively in the coming years as we continue to improve how we use endoscopy
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to best manage and care for patients with PSC.
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