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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activiry, participants will be able to:

m Describe the early and advanced imag-
ing features of ductal and liver parenchy-
mal involvement in PSC.

m Identify the common complications of
PSC across multiple imaging modalities.

m Recognize disease progression and the
imaging findings of early-stage malig-
nancies.

See rsna.orgllearning-center-rg.

Primary sclerosing cholangitis (PSC) is a chronic progressive in-
flammatory disease of the bile ducts that leads to multifocal bile
duct fibrosis, strictures, cholestasis, liver parenchymal changes, and
ultimately cirrhosis. It more commonly occurs in young adults,
with a variety of clinical and imaging manifestations. The cause of
the disease is not known, but it has a strong association with in-
flammatory bowel disease and can overlap with other autoimmune
diseases, including autoimmune hepatitis and immunoglobulin
G4-related disease. Patients are predisposed to various hepatic and
extrahepatic deteriorating complications, such as bile duct and gall-
bladder calculi, acute bacterial cholangitis, liver abscess, and portal
hypertension, as well as malignancies including cholangiocarcinoma
(CCA), gallbladder cancer, and colorectal carcinoma. Imaging has
an essential role in diagnosis, surveillance, and detection of compli-
cations. MR cholangiopancreatography and endoscopic retrograde
cholangiopancreatography have high specificity and sensitivity for
detection of primary disease and assessment of disease progression.
However, many patients with PSC are still diagnosed incidentally
at US or CT. Novel imaging techniques such as transient elastog-
raphy and MR elastography are used to survey the grade of liver
fibrosis. Annual cancer surveillance is necessary in all PSC patients
to screen for CCA and gallbladder cancer. Familiarity with PSC
pathogenesis and imaging features across various classic imaging
modalities and novel imaging techniques can aid in correct imaging
diagnosis and guide appropriate management. The imaging features
of the biliary system and liver parenchyma in PSC across various
imaging modalities are reviewed. Imaging characteristics of the dif-
ferential diagnosis of PSC, clinical associations, and complications
are described. Finally, the role of imaging in evaluation of PSC pro-
gression, pre-liver transplant assessment, and post-liver transplant
disease recurrence are discussed.

©RSNA, 2019 - radiographics.rsna.org

Introduction
Primary sclerosing cholangitis (PSC) is a chronic progressive
immune-mediated inflammatory disease of the intra- and/or ex-
trahepatic bile ducts, which eventually leads to bile duct fibrosis,
multifocal strictures, cholestasis, and biliary cirrhosis (Fig 1). PSC is
a relatively rare disease, with a incidence of less than 50 per 100000
patients. It is diagnosed in young patients aged 30—40 years and is
twice as common in men than in women (1-3). The incidence varies
among various populations. It is reported to be highest in northern
Europe and some parts of the United States, with an incidence of up
to 16.2 per 100000 patients, and PSC is far less common in south-
ern Europe (0.22 per 100000 patients in Spain) and Asia (0.95 per
100000 patients in Japan) (4).
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TEACHING POINTS

B The central segments of the liver including the caudate lobe
are not affected by the inflammatory process and cholestatic
damage of PSC. Therefore, these segments undergo compen-
satory hypertrophy and regeneration.

B Enlarged reactive abdominal lymph nodes are commonly
diagnosed in PSC and should not be misdiagnosed as a lym-
phoproliferative disorder or metastatic disease.

B Peripheral wedge-shaped areas of atrophy demonstrate hy-
poenhancement in early contrast-enhanced phases and hy-
perenhancement in more delayed contrast-enhanced phases.
Peripheral heterogeneous liver parenchymal enhancement at
contrast-enhanced arterial phase MRl is also expected.

B Periportal edema in PSC could be identified as periportal high
signal intensity on T2-weighted images.

B Periductal CCA is characterized by a branched and elongated
pattern of growth along the irregular, narrowed, or dilated
bile duct at MRI without a discrete mass. The periductal thick-
ening is hypointense at T1-weighted imaging and hyperin-
tense at T2-weighted imaging.

The pathogenesis of PSC is not fully under-
stood. It is posited that the release of profibro-
genic cytokines such as transforming growth
factor § or genetic or immune-mediated factors
cause typical bile duct fibrosis and sclerosing
cholangitis (5). There is also a strong association
between PSC and HLA antigens, more than with
any other genetic associations, determined by a
genome-wide association study with large cohorts
(6). Furthermore, environmental factors such as
childhood microbial exposure are thought to play
an important role in disease pathogenesis. Studies
show that the intestinal microbiome plays a central
role in the initiation of immune responses in the
biliary tree (5). As such, irritable bowel diseases
(IBDs), including Crohn disease and ulcerative
colitis (UC), are diagnosed in 70% of patients with
PSC, with UC diagnosed in 87% (5).

PSC patients may present with cholestatic
symptoms such as jaundice, pruritus, fatigue, and
right upper quadrant pain and may be diagnosed
with steatorrhea and episodes of acute bacterial
cholangitis. Patients are often asymptomatic, and
PSC is suspected owing to elevated levels of cho-
lestatic liver function enzymes (such as alkaline
phosphatase and y-glutamyl transpeptidase), di-
agnosed at general health examinations or during
screening of at-risk patients with IBD. Asymp-
tomatic patients with IBD, even without choles-
tatic biochemical markers, can manifest charac-
teristic cholangiographic features at imaging.

PSC is a diagnosis of exclusion that can be es-
tablished only in the absence of secondary causes
of sclerosing cholangitis, including toxic, infec-
tious, or other potential inflammatory factors that
may result in bile duct injury. The main compo-
nents of PSC diagnosis are elevated cholestatic
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serum markers along with biliary ductal dilata-
tion and strictures at cholangiography, including
endoscopic retrograde cholangiopancreatogra-
phy (ERCP) or MR cholangiopancreatography
(MRCP).

If liver biopsy is performed, the results may
show classic pathologic features of periductal
concentric fibrosis, or “onion skin,” around the
affected ducts (Fig 2) (5). However, this finding is
seen in less than 40% of biopsy specimens and is
not a pathognomonic finding of PSC. Therefore,
biopsy is not routinely used as a diagnostic tool for
PSC and is reserved primarily for disease staging
(7). A retrospective study of 138 PSC patients
showed that performing liver biopsy did not add
value in the diagnosis of large duct PSC or in the
management of patients with cholangiographic
changes (8). However, biopsy is necessary in pa-
tients with suspected small duct PSC and normal
findings at cholangiography. Biopsy could also be
beneficial in the assessment of overlap syndromes,
such as autoimmune hepatitis (AIH), to identify
the need for immunosuppressive therapy (2,5,9).

There is no approved nonsurgical curative
therapy for PSC (5). Oral ursodiol (ursodeoxy-
cholic acid) is one of the main treatment options
of cholestatic diseases (9). It is controversial
whether ursodiol should be administered in PSC
because it improves serum liver biochemistry
measurements but does not improve survival
rates (10). The European Association for the
Study of the Liver (EASL) has no specific recom-
mendation for the use of ursodiol in PSC (11).
The American Association for the Study of Liver
Diseases (AASLD) recommended against the use
of ursodiol in PSC in 2010 (3,9).

Endoscopic or percutaneous interventional
cholangiographic techniques provide palliative
therapy through dilation of dominant strictures,
placement of stents, or lithotripsy to break intra-
ductal stones. The only definite curative treat-
ment in end-stage liver disease is liver transplant.
Progression of PSC to cirrhosis and liver failure
is often unpredictable (3). Sequelae of portal
hypertension in advanced stages include bleed-
ing from the esophageal or parastomal varices (in
those patients with PSC and IBD who undergo
colectomy and ileostomy), ascites, and encepha-
lopathy (5). Therefore, surveillance for disease
progression and complications at follow-up
imaging is of high importance. Early imaging
detection of associated malignancies, including
cholangiocarcinoma (CCA), gallbladder cancer,
and colorectal carcinoma, is necessary in the
management of this population.

We review the imaging features of PSC,
including ductal and parenchymal involvement,
and the extrahepatic associations of PSC and its
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Figure 1. Advanced PSC. lllustration of the
coronal plane of the upper abdomen in a patient
with advanced PSC shows periductal fibrosis,
strictures, and dilatation of intrahepatic and ex-
trahepatic bile ducts. These findings lead to bili-
ary cirrhosis with a specific dysmorphic change,
including left lobe and caudate hypertrophy and
right lobe atrophy, along with sequelae of por-
tal hypertension, including esophageal varices,
retroperitoneal vessel engorgement, and sple-
nomegaly. The magnified inset shows periductal
fibrosis and biliary sludge and stone. Transverse
colon with inflammatory bowel disease (IBD), a
probable association with PSC, is also shown.

complications. Disease progression, pretrans-
plant evaluation, and posttransplant assessment
for complications (eg, disease recurrence) are
also discussed.

PSC Imaging Manifestations
There are several biliary and parenchymal
morphologic changes in PSC, with a spectrum
of manifestations across various imaging mo-
dalities. Biliary ductal changes are the primary
imaging features of PSC. Liver parenchymal
changes eventually develop because of the re-
duced bile stream, with variable imaging appear-
ances at different stages of the disease. Tables 1
and 2 include examples of MRI and CT proto-
cols, respectively.

Biliary Ducts
PSC is diagnosed by the presence of typical fea-
tures at cholangiography after secondary causes
of sclerosing cholangitis are excluded (Fig 3).
In most PSC cases, both the intrahepatic and
extrahepatic biliary systems are involved (13). In
about one-fourth of cases, the disease is confined
to the intrahepatic biliary ducts; disease confined
to the extrahepatic biliary system is quite rare
(5%) (14). PSC may also involve the cystic duct,
gallbladder, and pancreatic duct.

There are several findings of PSC at US and
CT, as these may be the initial imaging modali-
ties performed in patients with cholestatic signs
and symptoms. At US, concentric echogenic mu-
ral wall thickening can be visualized involving the

radiographics.rsna.org

« Periductal fibrosis
* Biliary sludge
« Biliary stone

Figure 2. Periductal sclerosis. Photomicrograph in a patient
with PSC shows a bile duct with periductal concentric depo-
sition of connective tissue (arrow), or onion-skin appearance,
which is a characteristic finding of PSC. (Hematoxylin-eosin
stain; original magnification, X200.)

extrahepatic biliary duct, with segmental intrahe-
patic biliary duct dilatation and echogenic portal
triads. Gallbladder luminal sludge or stones and
inflammatory polyps can also be depicted. At CT,
similar soft-tissue concentric smooth thickening
of the extrahepatic biliary duct can be depicted,
resulting in mild segmental and often peripheral
intrahepatic biliary ducts, preferentially affecting
the left hepatic lobe (2).
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Table 1: PSC MRI Parameters for Siemens* 1.5-T and 3.0-T Systems

Section Receiver b value
Imaging TE Thickness Intersection Bandwidth  (sec/
Parameter TR (msec) (msec) (mm) Gap (mm) Matrix (kHz) mm?) Phases
Axial T2-weight- 3000 60 5 2 256 X 256 32 NA NA
ed with FSE
T2-weighted 3000-4000 600-800 1 1 256 X 128 NA NA NA
FSE (coronal
3D MRCP)
DWI echo-pla- 5000 70 7 2 128 X 128 64 50 and NA
nar images’t 750
Axial T1-weight- 4.77 1.77 3 NA 192 X 160 64 NA  Hepatic arterial
ed 3D FS (20 sec); por-
spoiled GRE tal venous (70
nonenhanced sec); delayed
and contrast- (3 min)
enhanced MRI

Source.—Reference 12.

Note.—DWI = diffusion-weighted imaging, FS = fat-saturated, FSE = fast spin-echo, NA = not applicable,
TE = echo time, 3D = three-dimensional, TR = repetition time.

*Siemens Healthineers, Erlangen, Germany.

TAcquired using breath-hold technique (number of averages, 1; acquisition time, 15-30 sec).

Table 2: PSC CT Parameters (Siemens Definition System)

Contrast Material PeakTube Tube Current Detector Section Interval
Enhancement Voltage (kVp) (mA) Collimation (mm) Thickness (mm) (mm) Phases
Contrast-en- 120 300 0.6 5 5 Hepeatic arterial
hanced CT (20-30 sec); por-
tal venous (60 sec)
Nonenhanced 120 300 0.6 5 5 NA*
CT
Source.—Reference 12.
*NA = not applicable.

There are also characteristic diagnostic eased extrahepatic bile ducts (15), demonstrated
features of biliary ductal changes in PSC at by findings of diffuse echogenic thickening of the
cholangiography, MRCP, ERCP, and percutane- extrahepatic bile duct. Marked wall thickening
ous transhepatic cholangiography (PTC). Some of the bile duct can obliterate the lumen, which
characteristic imaging features include intra- may be difficult to distinguish from intraluminal
hepatic and extrahepatic short segmental bile sludge. In one study, US depicted mural thick-
duct strictures alternating with normal or mildly ening of the common bile duct in 17 of 18 PSC
dilated bile ducts, with a beading appearance. cases (16). Mural echogenic thickening of the
Often there is mild diffuse dilatation of the entire bile ducts is an expected finding, appearing as
intrahepatic biliary system with a branching-tree a bright echogenic portal triad formed from the
appearance (Fig 4) (14). The spectrum of imag- branches of the hepatic artery, portal vein, and
ing features is reviewed by using a multimodality bile ducts (Fig 5) (13).
approach in the following sections, along with a Biliary duct dilatation with associated mural
discussion of findings depicted by using newer thickening with history of jaundice or UC are
techniques and cholangioscopy. findings suggestive of PSC (13). Nonetheless, the

role of US in the diagnosis of early PSC is limited
US Features owing to suboptimal assessment of the intrahe-
Abdominal US is an effective and accurate mo- patic biliary ducts. Because of the sclerotic nature

dality for the visualization and evaluation of dis- of PSC, the intrahepatic ducts may not dilate
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Figure 3. Flowchart shows the

differential diagnosis algorithm for
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enough to be visualized; hence, the biliary system
in PSC patients could have a normal or nondiag-
nostic appearance at US (2).

CT Features

Patients with unrecognized PSC are more likely
to be evaluated with CT, considering the in-
crease in performing CT for the assessment of
upper abdominal symptoms (2). Cross-sectional
imaging with CT can demonstrate some findings
suggestive of sclerosing cholangitis, such as focal,
discontinuous, and often peripheral segments

of intrahepatic biliary duct dilatation, without

an associated mass lesion on contrast-enhanced
images and thickening and enhancement of the
bile ducts owing to inflammation (Fig 6) (2,17).
However, similar to US, CT is limited in the as-
sessment of biliary strictures (15). Also, visualiza-
tion of small peripheral bile ducts is substantially
limited at CT and PSC can be missed, especially
in the early stages of the disease (15).

MRI and MRCP Features

MRCP is a noninvasive modality and involves no
radiation exposure. MRCP utilizes a heavily T2-
weighted sequence achieved by using a gradi-
ent-echo balanced steady-state free-precession
technique. Slow-moving or static fluid within the

cholangitis !
: Inflammatory: Eosinophilic
cholangitis
Stone: Choledocholithiasis —
L Other: PSC

biliary tree and pancreatic duct has high signal
intensity at MRCP, and surrounding tissue has
low signal intensity. MRCP has high diagnostic
sensitivity (86%) and specificity (94%) for detec-
tion of PSC (18) and has become the diagnostic
imaging modality of choice in the workup of pa-
tients with suspected PSC, as recommended by
both the AASLD and EASL guidelines (9,11).

In terms of cost effectiveness, MRCP is supe-
rior to ERCP for initial screening of suspected
cases (19). However, the diagnostic accuracy
of MRCP in detecting early-stage PSC is 90%,
compared with 97% for ERCP (20), and some
cases of early-stage PSC might be missed at
MRCP. Hence, ERCP is preferred in nondiag-
nostic cases and in patients with early small duct
PSC who might have normal MRCP findings de-
spite clinical, biochemical, and histologic findings
compatible with a PSC diagnosis (9,11).

In healthy patients, it is difficult to image small
peripheral biliary ducts, as they are filled with
only a small amount of intraductal bile. However,
peripheral bile ducts in PSC patients are more
recognizable owing to biliary dilatation, and there
are characteristic features at cholangiography. The
features vary in different stages of the disease.

In the early stages of PSC, multifocal annular
short segmental strictures in the intrahepatic
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Figure 4. Ductal irregularities in a 61-year-old patient with long-standing PSC. (a) Coronal MRCP
image obtained before liver transplant shows diffuse beading of the intrahepatic biliary system with a
branching-tree appearance, with saccular dilatations (arrow) and segmental stricture of the extrahepatic
biliary ducts. Note the dominant stricture of the left hepatic duct (arrowhead), with dilatation proximal
to the stricture. (b, ¢) ERCP images show ductal irregularities including strictures, dilatations, and marked
dilatation due to a dominant stricture in the left hepatic duct (arrow in b) and diverticula (arrow in c).
(d) Axial T2-weighted MR image shows ductal dilatations and irregularities (arrow), predominantly in
the left lobe. (e) Gross photograph of the explanted liver after liver transplant shows a concentric biliary
stricture (arrow). The results of a pathology test revealed high-grade dysplasia of the left hepatic duct, as
did the results of brush cytology and fluorescence in situ hybridization.
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Figure 5. Portal triad in a 60-year-old woman with long-standing PSC and a history of Crohn disease.
Gray-scale (a) and color Doppler (b) US images show a dilated intrahepatic duct (a) and common he-
patic duct (b) (measuring up to 7 mm). Inflammatory thickening of the intrahepatic bile ducts in PSC
causes bright echogenic portal triads (arrowhead), which are composed of branches of the hepatic artery,

portal vein, and bile ducts.

Figure 6. Ductal wall thickening in a 54-year-old man with
PSC. Coronal contrast-enhanced venous phase CT image shows
thickening of the common bile duct wall (arrowheads). Note the
presence of cirrhosis and complications of portal hypertension,
including splenomegaly, ascites, and retroperitoneal collaterals.

and/or extrahepatic biliary system alternating with
normal ducts or focal mildly dilated ducts (beaded
appearance) is the typical MRCP imaging mani-
festation (Figs 4, 7) (5,14,21). However, long seg-
mental intrahepatic biliary strictures are not com-
mon and are concerning features of superimposed
CCA (9,14).The strictures are usually located at
the biliary bifurcations and are out of proportion
to their upstream dilatations (Fig 4) (5,14,21).
This is likely because of periductal fibrosis and in-
flammation, which prevent the biliary ducts from
dilating (Fig 4). In more advanced stages of PSC,

[ ..

Figure 7. Beaded appearance in a 62-year-old man with PSC.
Maximum intensity projection from coronal thin-section MRCP
shows intra- and extrahepatic bile duct beading (arrowheads).
Note the abrupt cutoff (arrows) owing to intrahepatic bile duct
strictures.

biliary ducts at the periphery of the liver paren-
chyma may not be well visualized and may have

a “pruned-tree” appearance (Fig 8) owing to the
progression of fibrosis and advanced strictures that
obliterate small peripheral ducts (14). Moreover,
an obtuse angle instead of an acute angle between
the central and more peripheral ducts is a finding
suggestive of PSC (Fig 8) (14,22).

The most common MRI features of PSC are
intrahepatic bile duct dilatation (77%) (Figs 4,
9), stenosis (64%) (Figs 4, 7), beading (36%)
(Figs 4, 7), extrahepatic bile duct stenosis (50%)
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Figure 8. Pruned-tree appearance in a 53-year-old man with
PSC. Coronal MRCP image shows peripheral intrahepatic bile
ducts (black arrows) that are not well depicted, referred to as
pruned-tree appearance, and focal dilatation (arrowhead) prox-
imal to the stricture (white arrow) of the common bile duct.
Note that the angle between the central and more peripheral
ducts (*) is almost a right angle instead of an acute angle.

Figure 9. Intrahepatic ductal dilatation in a 69-year-old man
with PSC. Axial contrast-enhanced T1-weighted MR image
shows intrahepatic bile duct dilatation (arrowheads). Note the
relative hypertrophy of the left lobe.

(Figs 7, 8), wall enhancement (67%), and
thickening (50%) (Fig 10) (23). Other findings
of ductal involvement are diverticula and webs.
Outpouchings of the mural surface of the bile
ducts, known as diverticula, occur in up to 27%
of patients (24). However, these are not pathog-
nomonic findings of PSC and could be visualized
after trauma or other inflammatory biliary pro-
cesses (24). A web is a focal incomplete circum-

Figure 10. Bile duct wall thickening in a 27-year-old man
with PSC. Axial contrast-enhanced T1-weighted arterial phase
MR image shows extrahepatic bile duct wall enhancement
(arrowhead).

ferential narrowing with 1-2-mm thick areas that
can develop into a diverticulum that is a focal,
eccentric, and saccular dilatation of the bile duct
(Fig 4). An increase in intraductal pressure at
conventional cholangiography could precipitate
this transformation (14,24).

ERCP Features
ERCP is performed with a side-viewing upper
endoscope that is guided into the duodenum,
allowing access into the bile and pancreatic ducts.
The ducts are injected with contrast material,
allowing radiologic visualization and a variety of
therapeutic interventions. Traditionally, ERCP
was considered the procedure of choice in the
diagnosis of PSC. However, with advances in
less-invasive imaging modalities, it is no longer
considered a first-line diagnostic test. ERCP is
still useful when MRCP views are suboptimal
(9) and for assessment of a suspicious dominant
biliary stricture identified at MRCP, which can
be confirmed by the results of brush cytology or
fluorescence in situ hybridization (11) (Fig 4).
Another major advantage of ERCP is its thera-
peutic interventions, such as dilation of stric-
tures or bile duct stent placement (5). However,
ERCP is an invasive procedure, with exposure to
radiation and potential complications including
pancreatitis and cholangitis; 10% of PSC patients
undergoing ERCP require hospitalization (25).
In the advanced stages of PSC, strictures of
the central bile ducts prevent opacification of
the peripheral bile ducts at ERCP. Therefore,
MRCP can better depict peripheral biliary ducts
in the advanced stages of PSC (Fig 11) (14).The
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Figure 11. Ductal rarefaction at ERCP in a 31-year-old man with advanced PSC and substantial caudate
hypertrophy and splenomegaly. (a) ERCP image shows marked segmental narrowing of the left hepatic
biliary ductal system and rarefaction of the peripheral ducts (arrowheads), mostly in the right hepatic bili-
ary ductal system. (b) Follow-up US image shows sludge (arrow) with no wall thickening.

presence of multifocal bile duct strictures in PSC
often renders ERCP technically challenging, as
these strictures may be difficult to bypass (25).
Considering these limitations, MRCP is now
recognized as the standard imaging modality for
diagnosing PSC.

PTC Features

PTC provides high-quality images that help
identify the site(s) of biliary tract strictures or
filling defects. A percutaneous approach can be
used not only for imaging the biliary tree but for
performing therapeutic decompression of bacte-
rial cholangitis and removal of biliary stones (26).
However, it usually requires several attempts

of hepatic puncture to gain access to the bili-

ary system (26). Percutaneous access can have
complications, including bilio-cutaneous fistula
formation, cholangitis, and liver abscess. With the
advances in cross-sectional imaging and MRCP,
the role of PTC in assessing PSC is significantly
limited. PTC has similar efficacy as that of ERCP
but has increased morbidity and is performed in
those patients in whom an endoscopic approach
previously failed because of dominant strictures
or occlusions (27).

Peroral Cholangioscopy and SpyGlass
Direct visualization of the biliary tree was made
possible in the 1970s with the use of peroral chol-
angioscopy. This ERCP-based technique is useful
in the direct evaluation of suspected filling defects
identified at ERCP, and it permits tissue sampling
through targeted biopsy. The limitations of this
procedure are that it requires two operators to
perform and the image quality is suboptimal (28).
In 2005, the first single-operator peroral chol-
angioscopic system with four-way deflected steer-

ing, SpyGlass, was introduced by Boston Scien-
tific (Marlborough, Mass.). The main reported
advantages of SpyGlass include improved accessi-
bility, direct visualization, and characterization of
abnormal biliary lesions in the small intrahepatic
bile ducts (29). The presence of fibrosis results

in replacement of the smooth homogeneous pink
mucosa with whiter mucosa (Fig 12) (28).

In a recently published study, SpyGlass had sig-
nificantly superior sensitivity in gross assessment
of the biliary system compared with that of ERCP
alone (81% vs 53%, respectively) (30). The diag-
nostic yield of SpyGlass-targeted biopsy for the
assessment of inflammatory changes in PSC and
non-PSC patients has been shown to be superior
to that of brush cytology. This better diagnostic
yield correlated with the greater amount of tissue
within each tissue specimen required for histologic
evaluation with a SpyGlass-targeted biopsy (31).

Liver Parenchyma
Aside from characteristic changes of the bile
ducts that are diagnostic features of PSC, several
hepatic parenchymal features can be observed
during the course of the disease. Liver morpho-
logic analysis in the late phases of PSC demon-
strates distortion of the liver morphology (Fig 13)
(21). A rounded or spherical shape of the liver
in PSC is the morphologic change that was first
described by Disiinceli et al (22), which remains
a unique finding for PSC that has progressed to
cirrhosis (Fig 14). This observed change is caused
by hypertrophy of the caudate lobe and atrophy
of the left lateral and right posterior segments of
the liver (1,22). The central segments of the liver
including the caudate lobe are not affected by the
inflammatory process and cholestatic damage of
PSC. Therefore, these segments undergo com-
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Figure 12. Endoscopic images obtained by using SpyGlass, a single-operator peroral cholangioscopy system with four-way deflected

steering, in a 43-year-old man with PSC show homogeneous smooth pink pale mucosa (a) in a healthy and normal duct; a white
fibrotic duct (b), a characteristic finding of PSC; and a heterogeneous intraductal mass () (c) around the duct, with intraductal CCA.

Figure 13. Gross morphology. Pho-
tograph of the explanted liver in a
19-year-old man with advanced PSC
who underwent liver transplant shows
a dysmorphic biliary cirrhotic liver,
with a characteristic yellow-green
change in liver hue and bile stasis (ar-
rowheads). Note the caudate hyper-
trophy (green contour) and lobulation
of the hepatic surface (arrow).

pensatory hypertrophy and regeneration (Fig 14)
(21,32,33). It has been shown that caudate lobe
hypertrophy in PSC is more frequent (22%-68%
across various studies) than in cirrhosis from
other causes, along with hypertrophy of the left
lobe and atrophy of the right lobe (22,23).

PSC patients can also be diagnosed with
reactive enlarged portal and/or portocaval lymph

nodes (Fig 15) (22).There are other parenchymal

changes diagnosed in PSC, including periph-
eral parenchymal inflammation, wedge-shaped
confluent fibrosis, heterogeneity of the liver
parenchyma, periportal edema, and cirrhosis
with indirect signs of portal hypertension, such
as splenomegaly, ascites, and collateral vascula-
ture, which are reviewed across various imaging
modalities in the following sections.

US Features

US can help confirm findings suggestive of liver
parenchymal changes and cirrhosis in advanced
PSC, such as liver contour nodularity and coarse
and heterogeneous echogenicity of the liver paren-
chyma (13). US images can also depict possible

development of mass-forming CCA (16). On
contrast-enhanced US images, CCA demonstrates
peripheral rim enhancement during the arterial
phase. A less common appearance during the
arterial phase is diffuse heterogeneous hyperen-
hancement on contrast-enhanced US images. In
the portal venous phase and more delayed phase,
CCA appears hypoechoic relative to the contrast-
enhanced echogenic liver parenchyma (34). The
major benefit of performing US is to guide liver
biopsy without radiation exposure.

Transient Elastography

Transient elastography is a US-based technique
for quantitative assessment of liver stiffness or fi-
brosis. First introduced in 2003, its clinical appli-
cation has been investigated in many studies and
has gained increasing attention worldwide (35).
Lack of radiation exposure and short duration

of imaging (around a few minutes) are among

its major advantages. Most patients tolerate the
procedure well.

Usually, 10 valid measurements should be
obtained, with the median value of the 10 mea-
surements being considered for reporting liver
elasticity (35). Liver stiffness as assessed with
transient elastography has been validated for the
assessment of liver fibrosis in different chronic
liver diseases (35), and transient elastography
can help detect liver stiffness in PSC patients. It
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Figure 14. Caudate hypertrophy in two patients with advanced PSC. Axial contrast-enhanced T1-
weighted (a) and T2-weighted (b) MR images show massive caudate hypertrophy (contour). Note the
dilated bile ducts (arrowheads) and the rounded shape of the liver in both patients.

Figure 15. Lymphadenopathy in a 41-year-old man with PSC. Axial contrast-enhanced T1-weighted (a)
and T2-weighted (b) MR images shows periportal enlarged lymph nodes (arrow), likely a reactive mani-
festation in the setting of PSC.

has been shown that liver stiffness as assessed by
transient elastography correlated well with the
degree of liver fibrosis in PSC patients. There are
also promising data suggesting that liver stiffness
as assessed by transient elastography is associated
with disease outcome (4,5,35).

CT Features

The major benefit of performing CT for PSC is
its high sensitivity in the structural evaluation of
the whole abdomen. CT is effective in helping
exclude other causes that can result in biliary
stasis and dilatation, such as hepatic and pancre-
atic lesions (15). Peripheral wedge-shaped areas
of confluent fibrosis with decreased enhancement
on contrast-enhanced arterial phase images and
peripheral heterogeneous parenchymal enhance-

ment could be depicted on CT images (Fig 16).
However, MRI has better tissue characterization
and better depicts these findings and is gener-
ally superior to CT in the assessment of the liver
parenchyma (Fig 16).

In advanced stages of PSC, distortion of the
liver parenchyma and surface nodularity induced
by cirrhosis can be depicted on CT images. Liver
lobar atrophy and hypertrophy related to cirrho-
sis are also effectively assessable on CT images.
Enlarged reactive abdominal lymph nodes are
commonly diagnosed in PSC and should not be
misdiagnosed as a lymphoproliferative disorder or
metastatic disease (36). CT images can also dem-
onstrate indirect signs of portal hypertension (eg,
varices or splenomegaly) and can help identify
mass lesions (eg, CCA) (37).



RadioGraphics

RG ¢ Volume 39 Number 7

Khoshpouri et al 1949

Figure 16. Peripheral parenchymal inflammation and wedge-shaped confluent hepatic fibrosis in a
54-year-old man with PSC. (a—c) Axial contrast-enhanced arterial phase CT image (a) and T1-weighted
MR images obtained in the portal venous (b) and late enhancement (c) phases show peripheral subcap-
sular heterogeneous enhancement with segmental hypertrophy (arrowheads) owing to altered blood
supply in response to inflammation between the wedge-shaped areas of hypoenhancement of confluent
fibrosis (A in a and b) or enhanced regions of confluent fibrosis in the late enhancement phase (A in
©). (d) Axial T2-weighted MR image shows wedge-shaped reticular hyperintense areas (A) of confluent

fibrosis. Note the ascites (arrow) around the liver.

MRI Features

MRI can help assess liver parenchymal changes
in addition to biliary tree changes in PSC (33).
MR images can depict findings suggestive of liver
cirrhosis, including atrophy of the right liver lobe;
hypertrophy of the left liver lobe and caudate lobe;
reticular or nodular liver parenchyma; nodular liver
contour; and signs of portal hypertension, such as
splenomegaly, ascites, and collateral vessels.

T1-weighted Imaging.—Hyperintensity of the
liver parenchyma in PSC on nonenhanced T'1-
weighted images has been reported (21). Periph-
eral wedge-shaped areas of atrophy demonstrate
hypoenhancement in early contrast-enhanced
phases and hyperenhancement in more delayed
contrast-enhanced phases (Fig 16) (21). Periph-

eral heterogeneous liver parenchymal enhance-
ment at contrast-enhanced arterial phase MRI
is also expected (23,33). Increased enhance-
ment of the peripheral liver parenchyma during
the arterial phase can be seen in 56% of PSC
cases. This increased heterogeneous peripheral
enhancement of the liver parenchyma is likely
due to the altered blood supply in those areas in
response to parenchymal inflammation (23).

Arterial phase peribiliary enhancement with
focal, segmental, or diffuse distribution is another
expected enhancement pattern of PSC. This
peribiliary enhancement is likely related to on-
going cholangitis (38).

T2-weighted Imaging.—Wedge-shaped periph-
eral atrophic areas of confluent hepatic fibrosis
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demonstrate high T2-weighted signal intensity (Fig
16). This signal abnormality is a consequence of
parenchymal edema and hyperperfusion owing

to peripheral parenchymal inflammation (33,39).
Another reported reason for this finding is impaired
lymphatic and venous drainage of the portal triads
(39). Periportal edema in PSC could be identified
as periportal high signal intensity on T2-weighted
images (Fig 17). This finding has been reported in
40%—-68% of cases in different studies (23,39).

Diffusion-weighted Imaging.—In a small study of
38 PSC cases, the authors reported high sensitiv-
ity and specificity of apparent diffusion coefficient
(ADC) values in the detection of early (75% and
75%, respectively) and advanced (80% and 85%,
respectively) liver parenchymal fibrosis (33). How-
ever, the utility of diffusion-weighted imaging and
ADC sequences for assessment of the distribution
and stage of whole liver parenchymal fibrosis is
still controversial (40). There are several reasons
for this controversy, including limitations in MRI
protocols and ADC value reproducibility in imag-
ing the liver parenchyma (41).

MR Elastography.—MR elastography is an MRI-
based technique that can be used to assess the
mechanical properties of tissues. Liver stiffness
measured by MR elastography is an imaging
biomarker in the assessment of chronic liver
diseases. Currently, MR elastography is the most
accurate noninvasive method for the diagnosis
and staging of liver fibrosis and could potentially
replace liver biopsy (42).

A retrospective study of 266 PSC patients
showed that MR elastography has high specific-
ity (94%) in the detection of liver parenchymal
fibrosis. In the same study, liver stiffness as
assessed at MR elastography was predictive of
progression to decompensated liver disease (Fig
18) (42). It has been shown that MR elastog-
raphy—based liver stiffness values are indepen-
dently associated with liver transplant—free
survival in PSC patients (43). Both the diagnos-
tic and prognostic value of MR elastography for
PSC make it an attractive MRI technique for
routine clinical assessment of PSC patients and
patient stratification in clinical trials (43).

Although MR elastography may be performed
in conjunction with MRCP, the cost of performing
MR elastography and its lack of wide availability
are still major limiting factors (4). However, MR
elastography is now increasingly available and is
integrated into MRI protocols for the assessment
of chronic liver diseases, including PSC. A new
Current Procedural Terminology (CPT) code has
been introduced by the American Medical Asso-
ciation to allow for billing of these studies (44).

radiographics.rsna.org

Figure 17. Periportal edema in a 55-year-old woman
with PSC. Axial T2-weighted MR image shows peripor-
tal hyperintensity owing to edema (arrows).

Figure 18. MR elastography in a 57-year-old man with severe
PSC. Axial color-coded MR elastography stiffness map (within
95% confidence interval from an MR elastogram) shows stage
4 fibrosis, with a mean liver stiffness of 5.52 kPa.

Clinical Associations of PSC

Inflammatory Bowel Disease

IBD is defined as a chronic immune-mediated in-
flammatory disease of the gastrointestinal system.
UC is limited to the mucosa and submucosa of
the large colon, whereas Crohn disease can involve
any segment of the gastrointestinal tract, from the
mouth to the anus, and involves all layers of the
bowel wall, resulting in fistula formation (45).

A strong association exists between PSC and
IBD. The diagnosis of IBD can precede PSC
diagnosis or vice versa. Almost 70%—-80% of
PSC patients develop IBD, either at the onset of
PSC or years after PSC diagnosis. Among those
patients with IBD, 87% are diagnosed with UC,
while 13% are diagnosed with Crohn disease (Ta-
ble 3) (1,46). IBD can also be diagnosed years
before PSC, and 5%—-10% of patients diagnosed
with UC may develop PSC during their lifetime



RadioGraphics

RG ¢ Volume 39 Number 7

Khoshpouri et al 1951

Table 3: Clinical Associations of PSC

Associated Con-

dition* Incidence among PSC Patients

Features

IBD (5,46) 70%-80%; in PSC patients with
IBD, 87% have UC and 13%
have Crohn disease

AIH-PSC overlap 6%—-11%

syndrome (47)

IgG4-sclerosing 10%
cholangitis—
PSC overlap
(2,48,49)

Right-sided colitis and ileitis without transmural inflamma-
tion or fistulas, with the rectum usually spared

AIH diagnosis and poor response to steroid therapy

Strictures and segmental dilatations of the biliary tree (similar
to those in PSC) at MRCP

Biliary ductal beading, biliary ductal dilatation at MRCP;
central macroregenerative nodules, peripheral atrophy, and
caudate or left lobe hypertrophy at cross-sectional imaging

Involvement of other organs and parts of the body aside
from the biliary system, including the pancreas, kidney,
retroperitoneum, thyroid, and orbit

An isolated stricture of the distal or intrapancreatic segment
of the common bile duct and hilar bile ducts (most com-
mon locations of involvement)

Long and continuous intrahepatic or extrahepatic bile duct
strictures and prestenotic dilatations at MRCP

Circumferential symmetrical bile duct wall thickening with
delayed contrast enhancement with noticeable lumen at
cross-sectional imaging

*Numbers in parentheses are references.

(5). PSC-associated IBD is an independent

AIH-PSC Overlap Syndrome

disease entity, as determined by the analysis of a
genome-wide association study, in which UC and
Crohn disease were found to be genetically more
similar to each other than to PSC (6).

It has been reported that PSC can develop in
patients with IBD even after they undergo total
colectomy (50). Colectomy has little affect on
the progression of liver disease in PSC patients
(50). For these reasons, identification, diagnosis,
and surveillance of IBD in PSC are important,
especially for early detection of colorectal cancer.
Interestingly, the clinical presentation of IBD in
PSC patients may differ from that of UC or Crohn
disease not associated with PSC (Table 3) (5).

Although endoscopy and biopsy are standard
methods for intraluminal surveillance, imaging
has an important role in assessing both intralu-
minal and extraluminal disease (51). US has a
limited role in the evaluation of IBD. CT and
MRI can depict bowel wall and other gastrointes-
tinal involvements in IBD (Fig 19) (Table 4). CT
enterography and MR enterography are nonin-
vasive imaging techniques that are increasingly
used in the diagnosis and monitoring for known or
suspected IBD (54,55). These imaging techniques
are also helpful when there is clinical suspicion for
complications of IBD, which include fistulas, stric-
tures, or abscesses (54). However, MR enterogra-
phy is more sensitive than CT enterography and
can be used as a radiation-free diagnostic test (56).

Autoimmune liver diseases can be diagnosed

in up to 25% of PSC patients (57). PSC may
overlap with AIH, defined as AIH-PSC overlap
syndrome (57). Therefore, MRCP is recom-
mended in the assessment of patients with AITH,
especially in patients with cholestasis or poor
response to corticosteroid treatment. The chol-
angiographic features of PSC in AIH are similar
to those in PSC patients without ATH. The MRI
features of AIH-PSC overlap syndrome are
summarized in Table 3 (47).

IgG4-related Sclerosing Cholangitis

It has been reported that 10% of PSC patients
have elevated IgG4 levels. However, IgG4-re-
lated sclerosing cholangitis is a unique finding in
the spectrum of the recently described 1gG4-
related diseases, which affect multiple organs
and should be differentiated from PSC when the
inclusive diagnostic features of IgG4-related dis-
ease are lacking (eg, the HISORt criteria, Aistol-
ogy, imaging, serology, other organ involvement,
and response to steroid therapy) (58). Several
nonimaging techniques help differentiate these
two diseases, including clinical, biochemical,
and histopathologic methods.

Patients with IgGG4-related disease are generally
older and more symptomatic than PSC patients
(48). There is involvement of other organs and
parts of the body aside from the biliary system
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Figure 19. Inflammatory bowel disease. (a) Coronal contrast-enhanced venous phase CT image in a
56-year-old woman with PSC and Crohn disease shows mucosal enhancement (arrowheads) owing to
hyperemia and fat deposition within the bowel wall. (b) Axial contrast-enhanced T1-weighted MR image

in a 47-year-old man with PSC and UC shows bowel mucosal hyperenhancement (arrowhead).

in IgG4-related sclerosing cholangitis (Table

3) (2,48). Elevated serum IgG4 levels greater
than four times the upper limit of normal and a
ratio of IgG4 to immunoglobulin 1 of more than
0.24 suggest IgG4-related sclerosing cholangitis.
Marked infiltration of IgG4-positive plasma cells
around the bile ducts and storiform fibrosis are
the characteristic features of IgG4-related scle-
rosing cholangitis at histopathologic examina-
tion (48). On the other hand, there are imaging
features that could differentiate IgG4-related
sclerosing cholangitis from PSC (Table 3) (Fig
20) (48,49). Immunosuppression with steroid
therapy is considered the first-line treatment of
IgG4-related disease (58).

Differential Diagnosis
A PSC diagnosis is made after excluding the
secondary causes of sclerosing cholangitis
through the evaluation of patient history, demo-
graphic and clinical data, and imaging results
(Fig 3). It is important to distinguish between
these two entities, as secondary causes have a
favorable response to medical treatments, in-
cluding corticosteroid therapy (2). It is impor-
tant to note that sonographic manifestations,
including intrahepatic and extrahepatic biliary
strictures and dilatations, are nonspecific and
can be diagnosed in other causes of cholangitis
such as HIV-related cholangiopathy (Fig 21)
and choledocholithiasis. However, some of the
secondary causes are distinguishable at MRI
and MRCP (Figs 20-23). Table 5 summarizes
the differential diagnosis of PSC, with associ-
ated imaging and ancillary findings.

Table 4: Multimodality Imaging Features of IBD

MRI (45)
Bowel wall thickness >3 mm
Mesenteric adenopathy >8 mm (more common
in Crohn disease)
Mesenteric fibrofatty proliferation (more com-
mon in Crohn disease)
Early mucosal enhancement on contrast-en-
hanced T'1-weighted images
Hyperintense mural signal on T2-weighted fat-
suppressed and/or fluid-sensitive images
Diffusion restriction on diffusion-weighted images
CT (52)
Bowel wall thickening
Pseudodiverticula
Halo sign (submucosal fat deposition in the
bowel wall)
Mesenteric fat proliferation (more common in
Crohn disease)
Mesenteric adenopathy (more common in
Crohn disease)
Homogeneous enhancement of the bowel wall
US* (53)
Noncompressible bowel
Echogenic hyperemic mesentery
Mesenteric lymphadenopathy
Fibrofatty proliferation of the mesentery
Mural thickening of the small and large bowel
walls

Note.—Numbers in parentheses are references.
*US has a limited role in the assessment of IBD.




RadioGraphics

RG ¢ Volume 39 Number 7

Benign Complications of PSC

Biliary Stones

Chronic bile duct stasis frequently predisposes
PSC patients to the development of cholesterol
or more commonly pigment stones that are bili-
rubinate black calculi (60). Bile duct calculi are
a common complication of PSC, with a reported
incidence of 25% (61). Pigmented bile duct
stones are reported in 8%—-30% of PSC cases,
owing to biliary stasis (14). These can be visu-
alized as well-defined T2-weighted dark filling
defects on MRCP images.

Both intrahepatic and extrahepatic biliary
stones are significantly more prevalent in PSC
patients than in the general population (60-62).
PSC patients are also predisposed to gallstones
after an interval of 5 years from time of diagnosis
(9). However, the presence of biliary tree stones is
not an essential diagnostic feature (61). Whenever
a known PSC case is complicated by recurrent
ascending cholangitis, that should raise the suspi-
cion for biliary stones (61). Moreover, complicated
intraductal biliary stone disease can trigger sec-
ondary sclerosing cholangitis with similar clinical
and imaging features to those of PSC. This makes

Figure 20.

Khoshpouri et al 1953

IgG4-sclerosing  cholangitis in a
63-year-old man with IgG4-related cholangiopa-
thy. (a, b) Coronal MRCP (a) and axial T2-weighted
MR (b) images show a common bile duct stricture
(arrow in a) and autoimmune pancreatitis (arrow-
heads in b). Note the pancreatic duct strictures (ar-
rowheads in a) due to inflammation of the pancre-
atic parenchyma. (c) lllustration shows involvement
(yellow areas) of the intrahepatic and distal extrahe-
patic ducts in IgG4-sclerosing cholangitis.

it challenging to differentiate PSC from second-
ary sclerosing cholangitis (60). As such, second-
ary causes of sclerosing cholangitis, including
recurrent pyogenic cholangitis (Fig 22) and portal
biliopathy (Fig 23), should be evaluated for before
confirming the diagnosis of PSC.

A greater degree of biliary distention and
extrahepatic bile duct involvement manifests in
patients with recurrent pyogenic cholangitis than
in those with PSC (60). The other clue to differ-
entiate PSC is the more diffuse pattern of ductal
strictures as compared with isolated peripheral
involvement in secondary sclerosing cholangitis
(9). Detection of secondary causes of sclerosing
cholangitis is crucial, as this can aid in guiding
appropriate medical and/or surgical therapy.

The appearance of biliary stones varies at
imaging, ranging from typical rough calcific foci
within dilated bile ducts on US and CT im-
ages, to refined foci with high attenuation in
nondilated ducts on CT images, or infrequent
echogenic biliary casts on US images (Fig 24)
(62). US is helpful in detecting biliary calculi that
can complicate PSC strictures and in identifying
gallbladder abnormalities (9,60).

MRI with MRCP is the imaging modality of
choice to detect bile duct stones (63). MRCP
has high sensitivity and specificity in detection of
biliary stones (95% and 90%, respectively) (63).
T2-weighted images are superior to T 1-weighted
images for detection of biliary stones, as they
depict focal areas of signal-intensity-void filling
defects among the background of high-signal-
intensity bile (Fig 24) (63). Although biliary stones
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Figure 21. AIDS cholangiopa-
thy in a 39-year-old man with a
9-year history of HIV infection who
presented with scleral icterus and
dark urine. (a) Coronal MRCP im-
age shows segmental strictures of
the intrahepatic ducts (arrowhead)
and papillary stenosis (arrow).
(b) lllustration shows the intrahe-
patic ductal involvement (yellow
areas) and papillary stenosis.

RadioGraphics

Figure  22. Recurrent  pyo-
genic cholangitis in a 53-year-old
woman. (a) Coronal MRCP image
shows significant dilatation of the
intrahepatic and extrahepatic bili-
ary system, with internal filling de-
fects representing pus and stone.
(b) lllustration shows the ductal
changes in recurrent pyogenic
cholangitis (yellow area).

Figure 23. Portal biliopathy in a 66-year-old man. Axial (a) and coronal (b) contrast-enhanced CT im-
ages show superior mesenteric vein thrombosis (arrow in a) and chronic portal vein thrombosis (arrow in
b) and ductal dilatations (arrowheads). The patient was diagnosed with portal biliopathy.

are usually isointense at T1-weighted imaging, it in the stones (Fig 24). The paramagnetic effect of
is not infrequent to see biliary stones with high metal ions shortens the T'1 relaxation time of the
signal intensity at T'1-weighted imaging in PSC, as water protons (63). At ERCP, biliary stones can be
most stones are pigment stones in this population. visualized as well-defined filling defects within the
Hyperintensity of pigment stones at T 1-weighted biliary ducts (Fig 24). The management of biliary

imaging is caused by the presence of metal ions stones in PSC patients is described in Table 6.
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Table 5: Differential Diagnosis of PSC with Associated Imaging Findings and Ancillary Features

Entity Imaging Findings

Ancillary Features

Portal hypertensive biliopathy
Choledochal cyst

IgG4-related sclerosing cholangitis

AIDS cholangiopathy

Ischemic cholangitis

Eosinophilic cholangitis

Recurrent pyogenic cholangitis

Choledocholithiasis

Portal vein thrombosis

Intrahepatic and/or extrahepatic
cystic dilatations

Distal common bile duct and pan- IgG4 level elevation
creatic duct involvement, fibrosis,
and involvement of other organs

Papillary stenosis

Biliary cast and/or biloma

Common bile duct and cystic duct Eosinophilia
involvement
Intrabiliary filling defects

Intrabiliary filling defects

Congenital

HIV-positive serology test results

History of surgery, trauma, intra-
arterial chemotherapy, or liver
transplant

Recurrent episodes of fever and
jaundice; history of antibiotic
therapy

Sources.—References 2, 59.

Bacterial Cholangitis

Bacterial cholangitis in PSC patients may de-
velop spontaneously after bacterial overgrowth
in an obstructed and/or stenotic bile duct. The
presence of biliary stones and biliary strictures
compounds the risk of superimposed bacterial
cholangitis in PSC patients (65). ERCP can also
precipitate bacterial cholangitis in PSC patients,
as the obstructed bile ducts cannot drain prop-
erly after ERCP (71).

Recurrent bacterial cholangitis in the setting of
PSC can also contribute to the progression of dis-
ease (5). Bacterial cholangitis can be a life-threat-
ening medical emergency, with mortality rates
reported to be up to 65%. The classic Charcot
triad of fever, abdominal pain, and jaundice can
manifest in bacterial cholangitis. Clinical diagnosis
can be challenging as it does not always have the
classic presentation (range, 15.4%—72%) (72).
Imaging is not always needed for diagnosing bac-
terial cholangitis as it is often clinically apparent.
However, different imaging modalities, including
US, ERCP, and MRCP, can be used to detect the
source of biliary obstruction and/or stenosis. In the
context of a dominant biliary stricture and signs
and symptoms of acute cholangitis, urgent decom-
pression of the biliary system is critical (5).

Smooth and symmetric dilatation of the
intrahepatic and/or extrahepatic biliary system is
expected in bacterial cholangitis. Enhancement
of the biliary wall is a common finding in bacte-
rial cholangitis and can be depicted on delayed
contrast-enhanced MR images in 92% of cases
(49). Reactive hepatic parenchymal changes to
the biliary duct inflammation result in dilatation

of the peribiliary venous plexus and parenchymal
perfusional changes in bacterial cholangitis at early
contrast-enhanced imaging (Fig 25). Increased
T2-weighted signal intensity with wedge-shaped,
peripheral patchy, or peribiliary regions visualized
in the arterial and delayed phases is an expected
finding of bacterial cholangitis (Fig 25) (73).

Diffusion-weighted imaging can help in the
detection and differentiation of acute cholangi-
tis from abscess (74). Diffusion-weighted signal
intensity is expected to increase at higher b values
in cases of liver abscess and decrease in cases of
acute cholangitis without abscess formation (75).
Management of bacterial cholangitis in PSC
patients is described in Table 6.

Abscess
Delayed or inappropriate treatment of bacterial
cholangitis may lead to increased pressure in
the biliary system, which can trigger increased
permeability and necrosis of the biliary tree and
extension of infection into the liver parenchyma
(14). Necrosis and loculation of this infected
parenchyma result in liver abscess formation.
On US images, liver abscess appears as a
poorly demarcated mass, with no central flow
on Doppler US images (Fig 26a). Echogenicity
of the central lesion is variable (hypoechogenic
to hyperechogenic), dependent on the lesion
content. Internal septa and sometimes gas can
be depicted on US images (76). CT images
demonstrate a lesion with central hypoattenua-
tion and peripheral rim enhancement (Fig 26).
A low-attenuating ring surrounding the enhanc-
ing rim can be visualized owing to peripheral
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Figure 24. Biliary stones in a
30-year-old man with PSC. US (a),
coronal T2-weighted MR (b), axial
T1-weighted fat-saturated MR (c),
and ERCP (d) images show stones
(arrowheads in a—c) within the bile
ducts. Note the dilated ducts on
the US image (arrow in a) and the
cluster of stones on the ERCP im-
age (arrowhead in d).

radiographics.rsna.org

Table 6: Management and Surveillance Recommendations for Benign and Malignant Entities in PSC

Entity Benign or Malignant

Management or Surveillance Recommendations®

Stone Benign

Bacterial cholangitis Benign

Liver abscess Benign
CCA Malignant
Colorectal cancer Malignant

Gallbladder cancer Malignant

Stone removal can be accomplished by using standard endoscopic
techniques with or without sphincterotomy, with balloon or bas-
ket extraction for extrahepatic biliary stones (65)

Immediate administration of broad-spectrum antibiotic therapy (66)

Percutaneous drainage with intravenous antibiotic therapy shows
favorable outcome compared with surgical drainage (67)

Liver function tests performed every 3—6 months (68)

Some experts recommend US or MRI and MRCP in combination
with administration of serum cancer antigen 19-91 every 6-12
months (68, 69)

ERCP should be performed as the next step with any ongoing
suspicion for new malignancy (9)

Brush cytology tests should be performed in suspected dominant
strictures (9) with fluorescence in situ hybridization (70) or Spy-
Glass biopsy* (32) to increase sensitivity

Annual colonoscopy, even after liver transplant (68)

Annual US examination (9,11, 69)

*Numbers in parentheses are references.
tNot sensitive or specific for CCA.

*None of these techniques alone have high sensitivity in screening for CCA in the PSC population.
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Figure 25. Bacterial cholangitis in a 43-year-old man with PSC who presented with fever and jaundice.
Axial contrast-enhanced T1-weighted (a) and T2-weighted (b) MR images show focal biliary strictures,
with upstream ductal dilatation. The surrounding hepatic parenchyma shows inflammatory changes,

including edema and relative increased perfusion (arrow).

edema. This causes a characteristic contrast-en-
hanced imaging feature called the double-target
sign. CT can show gas in the lesion in the form
of air bubbles or air-fluid level (77).

MR images demonstrate a lesion that is cen-
trally hypointense at T'1-weighted imaging and
hyperintense at T2-weighted imaging, with periph-
eral high signal intensity suggestive of periabscess
edema (Fig 26). Contrast-enhanced T'1-weighted
imaging demonstrates enhancement of the capsule
and internal septa (74) (Fig 26). Central diffu-
sion restriction (high signal intensity at diffusion-
weighted imaging and low signal intensity at ADC
mapping) is helpful in identifying hepatic abscess
in equivocal cases (78). Management of liver ab-
scess in PSC patients is described in Table 6.

Malignant Complications of PSC

Gallbladder Involvement

Involvement of the gallbladder is usually an inci-
dental finding at US in up to 41% of PSC cases
(60). This includes gallbladder enlargement,
wall thickening, diverticula (Fig 27), gallstones,
inflammatory polyps, pseudotumors, adenomas,
and adenocarcinomas (60).

A benign gallbladder polyp is a common find-
ing in PSC (79). Gallbladder polyps appear as
immobile echogenic lesions arising from the gall-
bladder wall, with no acoustic shadowing at US
(Fig 28) (80). High-risk features for malignant
transformation of gallbladder polyps include
3 mm or more growth in a 6-month period, sessile
polyps, solitary polyps, thickened gallbladder wall,
and choledocholithiasis (80). Previously, cholecys-
tectomy or close follow-up was recommended in
PSC with gallbladder polyps or lesions of any size

on the basis of the EASL and AASLD guidelines
(9,11). Current guidelines recommend chole-
cystectomy for any gallbladder polyp larger than
10 mm in the general population, although this
threshold is lowered for high-risk conditions such
as PSC (81). Cholecystectomy is recommended
in PSC patients with polyps larger than 0.8 cm on
the basis of the American Society of Gastroenter-
ology guidelines (69).

It has been reported that 40%—-60% of gall-
bladder lesions in PSC patients are malignant
(82). Gallbladder cancer has a 2% lifetime risk in
PSC patients and has a poor prognosis (Fig 29)
(3). Because of chronic and recurrent inflam-
mation of the biliary system in PSC, the normal
gallbladder epithelium goes through a series of
consecutive events including metaplasia, dyspla-
sia, and carcinoma in situ before developing into
malignancy in about 15 years (82).

The three typical US patterns of gallbladder
cancer include (@) a mass replacing the gallblad-
der; (b) focal or diffuse thickening of the gallblad-
der wall, which can be hypoechoic or hyperechoic;
and (¢) an intraluminal fungating mass with an
irregular border. The presence of internal vas-
cularity can help distinguish gallbladder cancer
from mimics such as tumefactive sludge or clot
(Fig 11) (83). Management and surveillance for
gallbladder involvement are detailed in Table 6.

Cholangiocarcinoma

CCA is the second most common primary ma-
lignancy of the liver in the general population,
whereas it is the most common tumor diagnosed
in PSC patients. PSC patients are at high risk of
developing CCA during the disease course, with
the 10-year cumulative chance of CCA estimated
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Figure 26. Abscess in a 66-year-old man with PSC. Doppler US (a), axial contrast-enhanced CT (b),
axial contrast-enhanced T1-weighted MR (c), and axial T2-weighted MR (d) images show an abscess in
the right lobe. Note the lack of flow on the Doppler US image (a) and the rim enhancement and septal
enhancement (arrowheads in b, c) on the CT and T1-weighted MR images.

Figure 27. Gallbladder wall thickening and diverticulum in a 23-year-old woman with PSC. US (a) and
axial T2-weighted MR (b) images show gallbladder wall thickening (arrow in a) and gallbladder diver-
ticula (arrows in b). There was no focal tenderness over the gallbladder (negative sonographic Murphy
sign) to suggest acute cholecystitis.
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Figure 28. Gallbladder polyp in a 32-year-
old man with PSC. US image shows an 8-mm
polyp (arrow) attached to the gallbladder
wall, with no posterior shadow.

Figure 29. Gallbladder cancer in a 31-year-old man with PSC. Axial T2-weighted (a) and contrast-en-
hanced T1-weighted (b) MR images show an irregular enhancing lesion (arrowhead) in the gallbladder,

a finding suggestive of gallbladder cancer.

to be around 7%—-9% and a total risk of 10%—
15% (14,84). It is important to be suspicious for
CCA even at the time of PSC diagnosis and to
survey for CCA for early detection (Table 6). In-
trahepatic discernible ductal dilatations or domi-
nant strictures, especially those with rapid pro-
gression at MRCP; intraductal polypoid lesions;
or focal bile duct thickening with enhancement at
MRI should raise suspicion for CCA (1,14).
Intrahepatic CCA has three subtypes: mass
forming, infiltrating periductal, and intraductal
growing. The most common subtype in PSC
patients is periductal CCA. Periductal CCA
is characterized by a branched and elongated
pattern of growth along the irregular, narrowed,
or dilated bile duct at MRI without a discrete
mass. The periductal thickening is hypointense
at T'1-weighted imaging and hyperintense at
T2-weighted imaging (85). The tumor could
be at the bifurcation of the common hepatic

duct, which results in intrahepatic biliary dilata-
tion with abrupt cutoff of the biliary system (eg,
Klatskin tumor) (Fig 30) (1,14).

The characteristic US finding of a Klatskin
tumor is nonvisualization of the right and left
biliary duct junction. Liver transplant has been
shown to provide prolonged disease-free survival
in patients with unresectable perihilar CCA who
are diagnosed in an early stage than in those with
de novo CCA (86).

The most common CCA subtype overall is
mass forming. It can be hypoechoic or hyperechoic
on US images (Fig 30). In the arterial and portal
venous phases at CT and T1-weighted imaging,
heterogeneous early peripheral enhancement
(area of active growth) with progressive central
enhancement in the delayed phases is a finding
suggestive of mass-forming CCA (Fig 30) (85).
On T2-weighted images, a hyperintense tumor is a
typical finding of CCA, which obstructs bile ducts
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Figure 30. Hilar CCA (Klatskin tumor) in a 41-year-old man with PSC. US image (a), maximum intensity
projection from coronal thin-section MRCP (b), and axial contrast-enhanced T1-weighted (c) and T2-
weighted (d) MR images show a hilar CCA (arrowheads), or Klatskin tumor. Note the ductal cutoff due
to the tumor (a), as well as mixed echogenicity (b), hypoenhancement (c), and hyperintensity (d) of the

tumor.

and vessels and leads to upstream ductal dilata-
tion (Fig 30). A central low-signal-intensity focus
within the lesion represents severe fibrosis (85).
Intraductal CCA may occasionally manifest as
a polypoid hyperechoic mass confined to the bile
duct wall. Anechoic mucin that is produced by
the tumor can mask the mass and limit its visual-
ization. On T'1-weighted images, intraductal CCA
appears hypo- to isointense compared with the
liver parenchyma. It has variable signal intensity
on T2-weighted images, but hyperintensity is the
most common signal change. Another imaging
feature that raises suspicion for an underlying
CCA is peripheral capsular retraction, owing to
the inherent desmoplastic nature of the tumor.
Fluorodeoxyglucose (FDG) PET has 85%
diagnostic sensitivity for detecting mass-forming
CCA (87). Although this sensitivity is below that
of MRI in the detection of CCA (88), it has been
shown that FDG PET can change the manage-

ment of 30% of CCA cases by better depict-

ing extrahepatic metastases (87). However, it is
limited for detecting the infiltrating CCA sub-
type (87). Although liver biopsy can be used to
confirm CCA, it is not recommended in all cases
in which resection is planned. A negative biopsy
does not exclude CCA owing to the possibility of
sampling error (89).

Colorectal Cancer

Colorectal cancer risk is greater in patients with
UC and PSC than in patients with UC alone
(90). In fact, PSC is an independent risk factor for
the development of colorectal cancer in patients
who have already been diagnosed with UC (91).
There are some characteristics of PSC-associated
colorectal cancer that would affect surveillance
(Table 6). Colorectal cancer tends to involve the
right colon or more proximal parts of the colon in
76% of PSC patients with IBD (90). It is detected
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at a more advanced stage compared with that in
the general population. In PSC patients, those
with colorectal cancer and IBD are diagnosed with
IBD at a younger age compared with non-PSC
patients with colorectal cancer and IBD (90).

Evaluation of Disease Progression
and Pretransplant Imaging

PSC is a chronic progressive disease with a vari-
able natural history. There is no medical curative
therapy, and the only definitive treatment is liver
transplant in end-stage disease (4). Because of
the unpredictability of the clinical course and dis-
ease severity, it is challenging to speculate the risk
of disease progression and to have a surrogate
endpoint to indicate the need for liver transplant.

To date, various prognostic indices have been
introduced on the basis of serum biomarkers,
clinical features, and imaging findings. Also,
several combined scores have been created on the
basis of natural history studies (4). A Child-Pugh
score is used in staging cirrhosis due to chronic
liver diseases in general. A Model for End-Stage
Liver Disease (MELD) score is used to indicate
the need for liver transplant in all causes of liver
failure (4). The revised Mayo risk score is the
most commonly and specifically used model in
PSC clinical trials (4). These models are based
on demographic and/or clinical information
including laboratory data (4). However, these
models have some limitations in PSC patients.
For example, given the fluctuating nature of bio-
markers during the course of the disease, clinical
use of these models in predicting prognosis and
transplant-free survival is limited.

Imaging has been shown to overcome the
limitations of these models (92). Several imaging
biomarkers and findings are associated with PSC
severity and outcome. Liver stiffness measure-
ments obtained at MR elastography and US tran-
sient elastography are reliable indicators of liver
fibrosis and predict disease severity (42,93,94,
95). Higher absolute spleen volume and left lobe
and caudate to total liver volume ratios correlate
with more severe PSC, as determined by the re-
vised Mayo risk score (92). Additionally, change
in the ratio of left lobe or right lobe to total liver
volume and absolute spleen volume could predict
liver transplant—free survival (96).

Vertical spleen size at US and spleen and liver
volumetry at cross-sectional imaging have shown
promising results for predicting outcome in PSC
(92,97). High-grade and diffuse strictures of
the intrahepatic bile ducts at ERCP were found
to be indicators of poor prognosis (98). How-
ever, the radiologic features of PSC at MRI and
MRCP are more suitable to be used as predictive
markers owing to the noninvasive nature of the

Khoshpouri et al 1961

technique (99). Intrahepatic biliary duct dilata-
tion and parenchymal heterogeneity and dysmor-
phism at MRI and MRCP can independently
predict PSC evolution (99). Arterial peribiliary
hyperenhancement at MRI is also associated with
disease severity, defined by the revised Mayo risk
score (38).

Liver transplant is the only available definitive
treatment of end-stage PSC. Imaging plays an
important role in the pretransplant evaluation for
both the donor and the recipient. Understanding
the arterial and venous anatomy of the recipi-
ent and the donor affects surgical technique and
reduces potential intraoperative complications
(100). Also, pretransplant volumetric assess-
ment of the donor liver is important to ensure
that at least 30%—-35% of the pretransplant liver
volume remains after surgery to prevent small-
for-size syndrome (101). Pretransplant imaging
can also help identify any incidental hepatic or
extrahepatic benign or malignant lesions that may
preclude liver transplant (100).

Posttransplant Recurrence
It has been reported that PSC recurs in 20%-—
25% of cases 5—-10 years after liver transplant
(102). Diagnosis of recurrent PSC requires care-
ful evaluation, as there are other causes of biliary
changes after liver transplant with similar fea-
tures, such as anastomotic strictures, established
ductopenic rejection, hepatic artery thrombosis
or stenosis, and nonanastomotic biliary strictures.
It has been noted that biliary complications,
particularly nonanastomotic biliary strictures, are
more commonly diagnosed after liver transplant
in PSC patients than are other causes of liver
failure (103). However, detection of these stric-
tures after liver transplant implies the diagnosis
of recurrent PSC only if they occur more than 90
days after transplant (102,103).

Similar to the diagnosis of PSC in native liv-
ers, a combination of biochemical, radiologic,
and occasionally histologic findings are used to
diagnose recurrent PSC. Characteristic multifo-
cal strictures and segmental dilatations of biliary
ducts are suggestive findings at cholangiography,
including MRCP, ERCP, and PTC (103). How-
ever, MRCP has been the first-choice imaging
modality among most clinicians in assessing the
extra- and intrahepatic biliary ducts, even after
liver transplant (102,103).

Conclusion
Imaging plays a fundamental role in the manage-
ment of PSC patients, as it is essential in confirm-
ing the diagnosis of PSC and aids in assessment of
disease progression and identification of possible
complications and associated diseases. There are
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classic and novel imaging techniques that assist the
radiologist in determining the correct diagnosis
and appropriate patient management.
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