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      Abbreviations 

    18 F-FDG    Fluorodeoxyglucose   
  CBD    Common bile duct   
  CCA    Cholangiocarcinoma   
  CHD    Common hepatic duct   
  CT    Computed tomography   
  ERC     Endoscopic retrograde 

cholangiography   
  GBC    Gallbladder carcinoma   
  HCC    Hepatocellular carcinoma   
  IHD    Intrahepatic bile duct   
  kPa    Kilopascal   
  LSM    Liver stiffness measurement   
  LT    Liver transplantation   
  METAVIR     Meta-analysis of histological data in 

viral hepatitis   
  MRI    Magnetic resonance imaging   
  MRC     Magnetic resonance cholangiography   
  MRE    Magnetic resonance elastography   
  PET    Positron emission tomography   
  PET/CT     Positron emission tomography/com-

puted tomography   
  PHTN    Portal hypertension   
  PSC    Primary sclerosing cholangitis   

  PTC     Percutaneous transhepatic 
cholangiog  raphy   

  SUV    Standardized uptake value   
  T1W    T1-weighted   
  T2W    T2-weighted   
  US    Transabdominal ultrasound   
  UTE    1-D transient elastography   
  VCTE ™      Vibration-controlled transient 

elastography   
  VRT    Volume rendering technique   

        Introduction 

 Primary sclerosing cholangitis (PSC) is an 
uncommon, but nonetheless signifi cant chronic 
cholestatic liver disease. It occurs in a relatively 
young patient population, frequently progresses 
to end-stage liver disease, and is highly associ-
ated with cholangiocarcinoma (CCA). Because 
of low disease prevalence, but frequent complica-
tions, PSC patients often receive care at institu-
tions with advanced multidisciplinary 
hepatobiliary and liver transplantation services. 
Radiologic tests are routinely performed in the 
diagnosis, management, and treatment of 
PSC. Noninvasive modalities used include trans-
abdominal ultrasound (US), computed tomogra-
phy (CT), magnetic resonance imaging (MRI), 
magnetic resonance cholangiography (MRC), 
and positron emission tomography/computed 
tomography (PET/CT). 
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 Imaging of the biliary tree contributes to the 
diagnosis of PSC. The diagnosis of PSC is made 
not only from clinical history, laboratory results, 
and liver biopsy but also based on radiologic 
fi ndings [ 26 ]. This chapter reviews the role of 
noninvasive imaging in PSC.  

    Radiologic-Pathologic Correlation 

 The utility of noninvasive diagnostic radiology is 
primarily based on the detection and demonstra-
tion of characteristic macroscopic morphologic 
changes of disease. By the time of presentation 
and diagnosis, PSC has caused macroscopic 
damage and morphologic alterations of the bili-
ary tree that are relatively unique to PSC com-
pared to other cholangiopathies. This refl ects the 
histopathology of PSC. 

 PSC is a fi broinfl ammatory, fi broobliterative 
disease that nonuniformly involves the larger intra-
hepatic bile ducts and/or the extrahepatic bile duct. 
PSC causes morphologic distortion of these larger 
bile ducts that were initially described using percu-
taneous transhepatic cholangiography (PTC) and 
endoscopic retrograde cholangiography (ERC). 
The basic macroscopic fi nding of PSC is the pres-
ence of multiple biliary strictures separated by nor-
mal caliber or only mildly dilated bile duct 
segments. The nonuniformity of PSC causes asym-
metries in duct morphology and disease distribu-
tion. Features of PSC as originally demonstrated 
by PTC and ERC include bile duct strictures, bead-
ing, mural irregularity, diverticula, pruning, focal 
dilatation, and duct wall thickening [ 4 ]. 

 Of note, the normal biliary tree is diffi cult to 
demonstrate with noninvasive imaging because 
of its relatively small caliber. In PSC, obstructing 
strictures result in the upstream accumulation of 
bile. The increased volume of bile within at least 
mildly distended intra- and/or extrahepatic bile 
ducts results in much greater conspicuity of ducts 
and associated pathologic changes. Although the 
biophysical principles and technology of nonin-
vasive modalities differ substantially, US, CT, 
MRI, and MRC all depend on contrast differ-
ences inherent in normal and pathologic tissues 
to generate images. Because the contrast differ-

ence between fl uid bile (water) and the liver (soft 
 tissue) is pronounced, the cholestatic pathophysi-
ology of PSC is fundamental to its depiction.  

    Transabdominal Ultrasound (US) 

 US likely impacts the diagnosis of PSC more 
than it is realized. In one study, the mean age at 
diagnosis was 40 years [ 46 ]. The majority of PSC 
patients present with symptoms. The most preva-
lent symptom is right upper quadrant or abdomi-
nal pain. Other symptoms and signs include 
pruritus, jaundice, fever, and weight loss [ 43 ]. 
Biochemical tests are usually cholestatic, often 
with a disproportionately elevated alkaline phos-
phatase, consistent with bile duct obstruction 
[ 20 ]. In this clinical scenario, US is often the fi rst 
test ordered, and can be the fi rst to demonstrate 
the biliary tree abnormalities of PSC. 

 The pathophysiology of PSC contributes to its 
depiction at US. Infl ammatory infi ltration of the 
bile duct wall and periductal fi brosis [ 7 ,  22 ] 
results in thickening, irregularity, and increased 
echogenicity. Fibrosis is strongly echogenic at 
sonography. Superimposed obstruction can cause 
at least mild upstream dilatation. Fluid is anechoic 
at sonography. As a result, US contrast resolution 
is increased by the pathologic changes of PSC, 
and US can depict the fi ndings of PSC (Fig.  13.1 ) 
[ 5 ,  21 ]. However, it should be emphasized that a 
negative US examination does not exclude the 
presence of PSC.

   PSC can lead to cirrhosis and US can assess 
cirrhosis. Changes in hepatic shape, surface mor-
phology, and increased parenchymal echo-
genicity from fi brosis can be used to suspect or 
establish a diagnosis of cirrhosis. Surface mor-
phology is particularly amenable to US evalua-
tion in the setting of perihepatic ascites, which 
acts as an acoustic window. Other fi ndings of 
portal hypertension (PHTN) can be appreciated 
to include umbilical vein collaterals and spleno-
megaly. Spectral and color Doppler US are very 
useful in evaluating fl ow directionality and 
velocity, waveform morphology, and patency of 
hepatic vessels. Many fi ndings at Doppler US are 
characteristic of cirrhosis and PHTN. 
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 One of the most signifi cant complications of 
PSC is CCA, developing in 8–14 % of PSC 
patients [ 43 ]. CCA can be suspected or detected 
by US. Intrahepatic CCAs are depicted as solid 
mass lesions that can be either hyperechoic or less 
frequently hypoechoic [ 32 ]. Intrinsic sonographic 
features usually do not distinguish mass- forming 
CCA from other intrahepatic benign or malignant 
neoplasms. Although the level of biliary obstruc-
tion can be correctly identifi ed in 96 % of CCAs 
[ 31 ], direct demonstration of distal common bile 
duct (CBD) CCAs by US is limited by bowel-
related gas that usually obscures the suprapancre-
atic and intrapancreatic CBD segments. 

 Perihilar CCAs (Klatskin tumors) can be dem-
onstrated sonographically. The modifi ed 
Bismuth-Corlette classifi cation system [ 3 ] 
emphasizes the relationship of perihilar CCAs to 
the common hepatic duct (CHD). The CHD is 
consistently demonstrable by US. As a result, 
intrahepatic bile duct (IHD) obstruction to the 
level of the CHD is often apparent in cases of 
perihilar CCA [ 31 ]. Isolation of the right hepatic 
duct and/or left hepatic duct, nonvisualization of 
the CHD, abnormal CHD thickening, and abnor-
mal soft tissue or a mass at the level of the CHD 

are highly suggestive of perihilar CCA, as is an 
associated collapsed, nondistended gallbladder in 
a fasting patient. 

 PSC patients are also at an increased risk for 
gallbladder carcinoma (GBC). GBC is thought to 
be associated with carcinogenesis induced by 
chronic PSC-related gallbladder infl ammation 
and a neoplastic fi eld effect involving the gall-
bladder and bile ducts [ 23 ,  30 ]. The prevalence of 
gallbladder mass lesions in PSC patients is esti-
mated to be 3–14 % compared to 0.35 % in the 
general population [ 30 ]. In PSC, 56 % of mass 
lesions have dysplasia or are GBC. Lewis et al. 
pathologically evaluated 72 whole gallbladder 
specimens from 66 cholecystectomies performed 
at liver transplantation (LT) and 6 cholecystecto-
mies performed prior to LT in PSC patients [ 23 ]. 
GBC was found in 14 % of the gallbladders. In 
addition, gallbladder intestinal metaplasia, low- 
grade dysplasia, and high-grade dysplasia were 
identifi ed as signifi cant associated risk factors. A 
metaplasia-fl at dysplasia-carcinoma sequence 
was proposed for GBC in PSC patients. 

 US is the best modality to evaluate the gall-
bladder. Because of the risk of GBC in PSC, both 
the American Association for the Study of Liver 

a b

  Fig. 13.1    US of a 24-year-old female with PSC. ( a ) US 
shows anechoic bile in mildly dilated extrahepatic bile 
duct, mucosal irregularity, and diffuse bile duct wall 

thickening ( arrow ). ( b ) Her ERC demonstrates typical 
luminal fi ndings of PSC ( arrow ). Note IHD involvement       
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Diseases (AASLD) and the European Association 
for the Study of the Liver (EASL) recommend 
annual abdominal ultrasound for the detection of 
gallbladder lesions [ 30 ]. It is recommended that 
cholecystectomy be performed for all polyps 
≥0.8 cm and probably for all polyps < 0.8 cm, 
unless the patient is a very poor cholecystectomy 
candidate, in which case the lesion should be 
sonographically reevaluated every 3–6 months.  

    Computed Tomography (CT) 

 CT is a readily available noninvasive imaging 
modality with signifi cant impact in PSC. Current 
multi-detector scanners generate images with 
high spatial resolution and high temporal resolu-
tion. High spatial resolution results from thin 
slices (~1 mm) and fast acquisition speed. Thin 
slices increase image sharpness and anatomic 
detail. Thin slices allow for the postprocessing of 
data sets using multiplanar reformatting (MPR), 
maximum intensity projection (MIP), and vol-
ume rendering techniques (VRT). These postpro-
cessing algorithms produce nonaxial images 
displayed in coronal, sagittal, and nonorthogonal 
projections. VRT images can be rotated and tum-
bled in contiguous conventional and nonconven-
tional projections for optimal anatomic display. 
For surgical planning, advanced software and an 
independent 3-D workstation can be used for 
lobar and segmental volumetrics and to display 
the anatomy of the hepatic veins, portal vein, and 
hepatic artery. High temporal resolution allows 
for bolus tracking of exogenously administered 
contrast with segmented time frames of image 
acquisition used to generate arterial, portal 
venous, and delayed phases of enhancement. 
Unfortunately, CT cholangiography with 
positive- contrast excretion into the bile ducts can 
no longer be performed. The contrast material 
used, Cholografi n®, is no longer available in the 
United States. 

 Analogous to US, CT is often performed in 
patients with abdominal pain and jaundice. It is 
not uncommon for CT to be the fi rst test to detect 
PSC. The CT fi ndings of PSC, especially early in 
its course, can be subtle. Mildly dilated IHDs 

have a disconnected “dot-dash” pattern corre-
sponding to end-on and longitudinally oriented 
distended duct segments separated by interven-
ing soft tissue density strictures [ 42 ]. Even small, 
peripheral IHDs can be conspicuous within the 
background liver, being fi lled with low-density 
bile, which intrinsically increases the otherwise 
moderate contrast resolution of CT. The fi broin-
fl ammatory and fi broobliterative changes of PSC 
manifest as duct wall thickening, irregularity, and 
narrowing, with the degree of duct wall enhance-
ment being variable and inconsistent [ 38 ]. Mural 
changes are most apparent at the level of the 
CHD. By CT, the CHD is large enough to be con-
sistently demonstrated in patients without or with 
PSC. Low-density fat in the hepatic hilum delin-
eates its outer wall, and low-density bile within 
the CHD lumen defi nes its inner wall. The CHD 
is discernible as a ring-like structure on axial 
images and is normally of uniform thickness 
≤1.5 mm. In PSC, the CHD becomes irregular 
with wall thickening potentially ≥2.0 mm 
(Fig.  13.2 ) [ 38 ].

   CCA can be suspected or detected by 
CT. Intrahepatic CCA can present as a mass 
lesion. Intrahepatic CCAs do have neovascular-
ity. In larger intrahepatic CCAs, macroscopic 
neovascularity tends to be sparse, stringy, and 
peripheral. Mass-forming intrahepatic CCAs 
tend to be dominated by an abundant, central 
fi brous stroma with scant tumor cellularity. At 

  Fig. 13.2    CT of a 37-year-old female with PSC. CT 
shows common hepatic duct dilatation with intraluminal 
bile, wall thickening, and bile duct wall enhancement 
( arrow )       
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arterial phase CT, these CCAs tend to have no 
discernible to mild peripheral enhancement with 
central iso- to hypodensity. During the portal 
venous and delayed phases, there can be centrip-
etal enhancement with contrast retention in the 
extracellular matrix of the central fi brous tissue, 
which can be subtle [ 14 ]. These lesions tend to 
be rounded, somewhat poorly marginated in 
non-cirrhotic livers, but pseudoencapsulated in 
cirrhosis; they can be associated with overlying 
capsular retraction, adjacent dilated IHDs, and 
satellite nodules (Fig.  13.3a ) [ 10 ,  37 ,  39 ]. With 
intrahepatic mass- forming CCAs, vascular 
encasement is common, but macroscopic throm-
bus is unusual [ 10 ]. The features of intrahepatic 
CCA can overlap with those of hepatocellular 
carcinoma (HCC), particularly poorly differenti-
ated HCCs or larger HCCs with central 
necrosis.

   Small intrahepatic CCAs can appear as arte-
rial phase hypervascular nodules [ 8 ,  9 ]. These 
CCAs tend to accumulate contrast, and enhance 
during the portal venous and delayed phases of 
multiphasic imaging. This is compared to typical 
small HCCs which wash out and become 
hypodense during the portal venous and delayed 
phases. However, arterial phase hypervascular 
CCAs with subsequent washout do occur. 

 PSC patients with cirrhosis are at an increased 
risk of HCC, which is estimated to be up to 2 % 

per year [ 30 ]. This is probably related to the asso-
ciation of HCC and cirrhosis. Given the overlap 
of imaging features, HCC should be considered 
in PSC patients with cirrhosis. 

 Of perihilar CCAs, 70 % are of the periductal 
infi ltrating morphologic subtype [ 14 ]. These can 
be diffi cult to demonstrate by CT and can appear 
only as a stricture. Although some features such as 
duct wall thickening >5 mm, stricture length ≥18–
22 mm, shouldering, portal venous or delayed 
phase enhancement, and soft tissue stranding 
within portal fat planes suggest perihilar periduc-
tal infi ltrating CCA, these fi ndings are insuffi cient 
to reliably differentiate dominant benign strictures 
from malignant strictures in PSC [ 14 ,  38 ]. Of note, 
malignant lymphadenopathy is common in cases 
of perihilar infi ltrating CCA [ 14 ]. 

 Of perihilar CCAs, 12–22 % are of the mass- 
forming morphologic subtype [ 14 ]. Perihilar 
masses measuring 1–9 cm can occur with fea-
tures analogous to intrahepatic mass-forming 
CCAs. Small lesions can be seen as hypervascu-
lar arterial phase nodules. Larger lesions tend to 
have less pronounced arterial phase rim enhance-
ment and can have portal venous or delayed 
phase washin and contrast retention within the 
central fi brous stroma. Portal vein invasion with 
visible thrombus can be seen. 

 Distal CCAs are anatomically defi ned as 
involving the CBD between the cystic duct origin 

a b

  Fig. 13.3    Cholangiocarcinoma in a 52-year-old male 
with PSC. ( a ) Portal venous phase CT depicts a large, 
poorly marginated, heterogeneous intrahepatic mass- 
forming cholangiocarcinoma ( long arrow ) in the left 

hepatic lobe associated with obstructed peripheral bile 
ducts ( short arrow ). ( b ) Intrahepatic mass-forming chol-
angiocarcinoma in same patient demonstrated by portal 
venous phase MRI ( arrow )       
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and the ampulla of Vater [ 29 ]. Approximately 
89 % are periductal infi ltrating, and 11 % are 
intraductal growing [ 19 ]. CBD dilatation is pres-
ent in 96 % of cases. Imaging fi ndings are usually 
limited to CBD dilatation with abrupt down-
stream narrowing, irregular wall thickening, and 
enhancement. Because these lesions tend not to 
be mass forming, only 11 % have associated main 
pancreatic duct dilatation. Main pancreatic duct 
dilatation occurs when the tumor extends into the 
downstream ampulla of Vater or into the sur-
rounding pancreatic parenchyma [ 19 ].  

    Magnetic Resonance Imaging (MRI) 

 Dynamic multiphasic abdominal MRI with an 
exogenous intravascular-extracellular contrast 
agent provides anatomic and enhancement char-
acterization of PSC and its complications that are 
analogous to CT. An advantage of MRI is better 
contrast resolution compared to CT. A disadvan-
tage of MRI is decreased spatial and temporal 
resolution compared to CT. Decreased spatial 
resolution and increased noise from physiological 
motion is also worse with MRI because of its rela-
tively slower data acquisition time compared to 
CT. However, because of the differences in image 
content, CT and MRI are unpredictably comple-
mentary, and both are often used in cases of PSC. 

 Noncontrast MRI is used to generate two fun-
damentally different types of images. 
T2-weighted (T2W) images are based on differ-
ences in the micromagnetic environment of 
water-associated protons in fl uid versus solid tis-
sue. T2W MRI displays fl uid as markedly hyper-
intense compared to an intermediate to 
hypointense soft tissue background. T1-weighted 
(T1W) images are derived from differences in the 
macromolecular environment of water-associated 
protons in fl uid versus soft tissue. Using T1W 
MRI, fl uid appears hypointense compared to 
mild to moderately hyperintense soft tissue. 
Because T1W images can be acquired faster, spa-
tial resolution is better than with T2W scanning. 

 The inherently high contrast resolution of 
MRI can be augmented by intravenously admin-
istered exogenous contrast material. With the 

exception of hepatobiliary-specifi c agents, the 
pharmacokinetics of gadolinium-based MRI con-
trast is equivalent to iodinated CT contrast mate-
rial. Intravenously administered gadolinium-based 
MRI contrast, which is not hepatobiliary specifi c, 
is used to generate a multiphasic dynamic series 
of T1W images that are analogous to multiphasic 
dynamic CT. Gadolinium-based agents increase 
the contrast resolution and signal-to-noise ratio, 
improving spatial resolution and lesion conspicu-
ity. Because of its intravascular-extracellular dis-
tribution, gadolinium contrast demonstrates the 
same enhancement features of focal and diffuse 
pathology and of normal background anatomic 
structures as does iodinated CT contrast. As a 
result, a dynamic multiphasic T1W MRI series 
can be generated with arterial, portal venous, and 
delayed phases, with hypervascular lesions 
appearing hyperintense and hypovascular lesions 
being hypointense. With routine MRI scanning 
protocols, gadolinium contrast does not produce 
clinically signifi cant changes in T2W images; 
postcontrast T2W scans are not obtained. 

 Using conventional contrast-enhanced MRI, 
the depicted features of PSC and its complica-
tions are the same as with CT (Fig.  13.3b ). With 
multiphasic T1W MRI, the bile duct changes of 
PSC are shown as wall irregularity, thickening, 
and enhancement. Biliary obstruction is shown as 
duct dilatation accentuated by retained intralumi-
nal bile that remains hypointense to the liver. 
Intrahepatic or perihilar mass-forming CCA can 
show arterial phase rim enhancement with cen-
tripetal washin during the portal venous and 
delayed phases. On T2W images, biliary obstruc-
tion is shown as duct dilatation accentuated by 
retained intraluminal bile that is hyperintense to 
the liver. Mass-forming CCA tends to be mild to 
moderately hyperintense compared to back-
ground hepatic parenchyma on T2W scans.  

    Magnetic Resonance 
Cholangiography (MRC) 

 The initial detection and diagnosis of PSC by US, 
CT, and MRI are usually limited to previously 
undiagnosed patients presenting with  unexplained 
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abdominal pain and jaundice. When PSC and/or 
its complications are clinically suspected or 
established, MRC becomes an important nonin-
vasive imaging modality. MRC is a heavily T2W 
MRI technique that generates high signal inten-
sity from fl uid bile. The intrinsic T2W hyperin-
tensity of bile outlines the luminal morphology 
of normal and abnormal bile ducts against such 
an extremely hypointense background that solid 
tissue becomes indiscernible. Several sets of 
MRC images are acquired using different param-
eters to optimally demonstrate the biliary tree. 
Data sets can be directly obtained or indirectly 
produced by postprocessing in any anatomic 
plane for display. Directly acquired thick-slab 
coronal images with multiple obliquities around 
the sagittal axis and high resolution 3-D images 
reconstructed with postprocessing into a coronal 
rotational VRT data set result in images that are 
equivalent to invasive positive-contrast cholangi-
ography (ERC and PTC). The multiprojectional 
and rotational features of MRC are optimal for 
the display of signifi cant bile duct fi ndings that 
could otherwise be obscured by the overlap of 
structures. 

 The MRC fi ndings of PSC are the same as those 
described for ERC and PTC (Fig.  13.4 ) [ 25 ,  45 ]. 
Dave et al. reported a meta-analysis of the diagnos-
tic performance of MRC compared to ERC and 
PTC [ 13 ]. Studies were selected only if they 

included a control group of patients with other hep-
atobiliary diseases. Of the manuscripts that fulfi lled 
criteria for analysis, the overall prevalence of PSC 
among the study patients was 185/456 (41 %). 
MRC interpretations were compared to ERC or 
PTC as the reference standards. MRC had results 
comparable to conventional cholangiography with 
a sensitivity in detecting PSC of 86 % and a speci-
fi city of 94 %. In addition, three clinical scenarios 
were simulated to evaluate the impact of pretest 
probability on the results. When the pretest proba-
bility of PSC was 25 % (low clinical suspicion), the 
posttest probability of PSC given a negative MRC 
was 5 % (considered suffi cient to exclude PSC). 
When the pretest probability was 75 % (high clini-
cal suspicion), the posttest probability of PSC 
given a positive MRC was 98 % (considered suffi -
cient to diagnose PSC). In what was considered the 
worst-case scenario, a pretest probability of 50 %, 
the posttest probability of PSC given a positive 
MRC was 94 %, and the posttest probability of 
PSC given a negative MRC was 13 %. MRC can be 
quickly performed in conjunction with dynamic 
multiphasic MRI providing additive information in 
cases of PSC and its complications [ 27 ,  34 ,  37 ].

   In a retrospective study of 64 PSC patients, 
Ruiz et al. suggested that MRC features com-
bined with multiphasic liver MRI fi ndings can be 
used to predict PSC disease progression [ 34 ]. All 
patients had at least two MRCs separated by at 
least a 1-year interval with multiple scans per-
formed in some patients. A semiquantitative 
method was used to systematically score both 
MRI and MRC fi ndings to assess PSC disease 
severity. Scores from the fi rst and last MRI and 
MRC were compared, with an interval increase 
in score considered disease worsening, no score 
change considered disease stability, and a 
decrease in score to be considered improvement. 
At mean follow-up of 4 years (range, 1–9), 58 % 
showed radiologic worsening, 42 % remained 
stable, and no patient showed improvement. 
Using data derived from the subgroup with inter-
val worsening, two MRI progression risk score 
equations were developed, one for studies per-
formed without contrast and another for studies 
performed with contrast. It was noted that nearly 
90 % of patients with radiologic worsening had 

  Fig. 13.4    Recurrent PSC in an allograft of a 59-year-old 
male, 7 years after LT with Roux-en-Y anastomosis for 
PSC. MRC shows recurrent PSC in the allograft. Note 
fl uid in the Roux loop ( long arrow ). Incidentally, main 
pancreatic duct segment demonstrated ( short arrow )       
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an elevated progression risk score, compared to a 
low progression risk score in nearly 85 % of 
patients with stable disease. In addition, over the 
study interval, 5/64 (8 %) patients were diag-
nosed with PSC-associated malignancies, CCA 
( n  = 2), GBC ( n  = 2), and HCC ( n  = 1). Ruiz et al. 
concluded that risk score analysis could predict 
PSC disease progression and suggested that 
annual MRI and MRC were useful for PSC sur-
veillance [ 34 ]. 

 The MRC fi ndings of PSC-related CCA are 
the same as those described for ERC and PTC, 
viz., a dominant stricture with malignant fea-
tures. Compared to benign strictures, malignant 
strictures tend to be longer (≥18–22 mm) with 
asymmetric narrowing, irregular margins, and 
shouldering [ 14 ]. These fi ndings, however, are 
relatively nonspecifi c. Irregular margins and 
asymmetric narrowing are found in 30 % of 
benign strictures. Gradual tapering and abrupt 
narrowing are seen equally in benign and malig-
nant strictures. The most common cholangio-
graphic fi nding in PSC-related CCA is progressive 
stricture formation with increased upstream bile 
duct dilatation [ 37 ]. Low-risk, noninvasive serial 
MRC is particularly suitable for detecting pro-
gressive stricture formation [ 34 ]. Although useful 
for detecting suspicious fi ndings and providing a 
roadmap for subsequent ERC, MRC cannot 
replace ERC for brush cytology or therapeutic 
interventions such as stenting. It is important to 
note, however, that noninvasive imaging should 
be performed before interventional procedures to 
avoid postprocedural changes, pneumobilia, and 
stent-associated artifact that can and do degrade 
radiologic results.  

    MR Elastography (MRE) 

 Morbidity and mortality from biliary cirrhosis, 
PHTN, and liver failure affect a large proportion 
of PSC patients [ 43 ,  46 ]. As reported by Wiesner 
et al., among a group of 174 PSC patients, liver 
biopsy showed septal fi brosis (Stage 3) or cirrho-
sis (Stage 4) in 43 % of asymptomatic patients 
and in 69 % of symptomatic patients [ 46 ]. During 
a mean follow-up of 5.2 years, 22 % of initially 
asymptomatic PSC patients developed liver 

 failure. During a mean follow-up of 6.2 years, 
49 % of symptomatic patients developed liver 
failure or died, with 93 % of deaths attributable to 
liver disease; 9 % of symptomatic patients were 
referred for or underwent LT. Therefore, moni-
toring the development and progression of 
hepatic fi brosis/cirrhosis in PSC has a signifi cant 
impact on patient management. 

 Elastography is now used to quantitatively mea-
sure liver stiffness, a surrogate biomarker for 
hepatic fi brosis/cirrhosis in lieu of subjective cross-
sectional imaging assessment and/or liver biopsy 
[ 41 ]. Elastography can be performed using either 
US or MRE. A commonly used US implementa-
tion is 1-D transient elastography (UTE). 
FibroScan® uses UTE with proprietary technology 
termed vibration-controlled transient elastography 
(VCTE™) [ 28 ]. A US probe is used to intermit-
tently deliver compression waves to a region of 
interest in the right hepatic lobe with a volume 100 
times larger than liver biopsy. Within the hepatic 
parenchyma, compression waves generate shear 
waves based on the viscoelastic properties of the 
liver tissue. Shear wave speed increases with liver 
stiffness, which increases with hepatic fi brosis. The 
ultrasound transducer tracks and measures shear 
wave velocity in meters per second, which is then 
converted into a liver stiffness measurement (LSM) 
expressed in kilopascals (kPa). In a cohort of 73 
PSC patients who underwent liver biopsy, 
Corpechot et al. verifi ed that a METAVIR-derived 
histologic fi brosis score correlated with VCTE 
LSMs [ 11 ]. Values predictive of fi brosis stages 
≥F1, ≥F2, ≥F3, and F4 were 7.4 kPa, 8.6 kPa, 
9.6 kPa, and 14.4 kPa, respectively. 

 Commercially available FDA-approved pro-
prietary MRE technology is currently manufac-
tured by Resoundant, Inc. It can be implemented 
as an upgrade on currently available MRI scan-
ners manufactured by GE Healthcare, Philips 
Healthcare, and Siemens Healthcare [ 41 ]. An 
external fl exible membrane attached to the right 
upper quadrant is used to generate continuous 
compression waves that are converted to shear 
waves within the liver [ 12 ,  41 ,  44 ]. Intrahepatic 
shear waves are tracked and displayed as axial 
maps of the liver at four separate slice locations; 
color-coded MR elastograms are used to generate 
results reported as shear stiffness in kilopascals 
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(kPa) [ 41 ]. It should be noted that UTE and MRE 
use different algorithms to quantify liver stiffness. 
The liver stiffness measurement by UTE in kPa is 
not equivalent to the shear stiffness measurement 
by MRE in kPa; the UTE value is numerically 
three-times larger than the MRE value [ 17 ]. 

 Huwart et al. verifi ed that the histologic 
METAVIR fi brosis scoring system correlated 
with MRE measurements of shear elasticity in a 
cohort of 96 consecutive patients who underwent 
liver biopsy for suspected chronic liver disease 
[ 17 ]. Values predictive of fi brosis stages ≥F1, 
≥F2, ≥F3, and F4 were 2.4 kPa, 2.5 kPa, 3.1 kPa, 
and 4.3 kPa, respectively. MRE needs to be veri-
fi ed in a cohort of PSC patients. 

 Some studies suggest that MRE has perfor-
mance characteristics that exceed those of UTE 
and other sonographic methodologies [ 12 ,  18 , 
 41 ]. Machine time for MRE data acquisition is 
1–2 min; MRE can be performed along with rou-
tine dynamic MRI and MRC. The technical suc-
cess rate of MRE is signifi cantly higher than 
UTE (94 % vs. 84 %,  P  = 0.016) [ 18 ]. MRE can 
be accurately performed in patients with ascites 
and obesity. UTE cannot be used when there is 
perihepatic ascites because shear waves do not 
propagate through liquids. A 4.5 % UTE failure 
rate (no LSM value obtainable) correlates with a 
body mass index >28 kg/m 2  [ 16 ]. When corre-
lated with histology, using area under receiver 
operating characteristic curve analysis to com-
pare predictive performance, MRE was signifi -
cantly better than UTE for METAVIR fi brosis 
stages F ≥1, F ≥2, F ≥3, and F = 4 among a het-
erogeneous group of chronic liver disease patients 
[ 18 ]. It is suggested that the increased accuracy 
of MRE is related to the large tissue volume and 
the noncontiguity of the four 10-mm-thick cross 
sections through the liver, which reduces sam-
pling error introduced by inhomogeneously dis-
tributed fi brosis [ 40 ].  

    Positron Emission Tomography/
Computed Tomography (PET/CT) 

 PET/CT is a noninvasive imaging modality that 
coregisters the results of a whole-body PET scan 
with CT. PET is a nuclear medicine study that is 

most commonly performed using the  radionuclide 
fl uorodeoxyglucose,  18 F-FDG, to map the cellu-
lar metabolism of glucose. Infl ammation and 
malignant growth increases the uptake and reten-
tion of intracellular  18 F-FDG. The radioactive 
decay of  18 F-FDG is used to generate a scan of 
differential metabolic activity. Relative differ-
ences in radioactivity are semiquantitatively 
measured as a function of standardized uptake 
value (SUV), and hypermetabolic foci are dis-
played as areas of increased saturation on a color 
map. With PET/CT, the PET color map is super-
imposed or fused onto images from a conven-
tional CT performed sequentially before or after 
the PET acquisition to colocalize the areas of 
increased metabolism to anatomic structures. 

 In PSC patients, PET/CT can be used in pri-
mary tumor (CCA) detection, but is more often 
incorporated into the staging of patients who are 
being considered for tumor resection or 
LT. Annunziata et al. recently published a meta- 
analysis of  18 F-FDG PET alone or PET/CT in the 
evaluation of the primary tumor in cases of sus-
pected or documented intrahepatic, perihilar, and 
distal CCA in a spectrum of patients [ 2 ]. Both 
PET alone and PET/CT were shown to be accu-
rate in the diagnosis of primary CCA. For PET/
CT, overall sensitivity and specifi city in the 
detection of primary CCA was 82 % and 75 %, 
respectively. For the detection of hilar CCA, 
using either PET or PET/CT, sensitivity and 
specifi city were 84 % and 95 %, respectively. 
However, the authors noted that additional stud-
ies were needed to verify the fi ndings in perihilar 
CCA, given the small number of cases in the 
meta-analysis. 

 Alkhawaldeh et al. reported the  18 F-FDG PET/
CT results of a PSC cohort, 47/65 (72 %) with 
CCA [ 1 ]. Using semiquantitative SUV analysis, 
sensitivity and specifi city for primary tumor 
detection were 94 % and 83 %, respectively. 
There were six false-positive studies, four from 
infl ammatory strictures of PSC and two related to 
stent placement. 

 Li et al. reported on the utility of  18 F-FDG 
PET/CT in the preoperative staging of 17 patients, 
with perihilar CCA (background liver disease if 
present not specifi ed), who underwent explor-
atory laparotomy with the intent of radical 
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 resection [ 24 ]. Histologic confi rmation of pri-
mary tumor, regional lymphadenopathy, and dis-
tant metastases was available in all cases. The 
sensitivity of whole-body PET/CT in detecting 
the primary perihilar CCA was 58.8 %. 

 As noted by Ruys et al., data regarding the 
role of  18 F-FDG PET/CT in detecting malignant 
locoregional lymphadenopathy and distant 
metastases is sparse [ 36 ]. In the study by Li et al., 
the sensitivity and specifi city in detecting lymph 
node metastases were 41.7 % and 80 %, respec-
tively, with PET-avid malignant nodes ranging in 
size from 4 to 30 mm [ 24 ]. For distant metastases 
involving the liver and peritoneum, sensitivity 
and specifi city were 55.6 % and 87.5 %, 
respectively.  

    Presurgical Staging 
of Cholangiocarcinoma 

 There are two potentially curative surgical 
options for de novo and PSC-related CCA, radi-
cal resection and LT [ 33 ]. Noninvasive imaging 
is especially important in perihilar CCA because 
tumor involvement of the bile ducts, hepatic 
artery, and portal vein at the hepatic hilum deter-
mines resectability, and radial tumor diameter 
≤3 cm is required for LT. Imaging is also used to 
evaluate for locoregional lymphadenopathy and 
distant metastases. 

 As noted by Ruys et al., published data 
describing the diagnostic performance of CT, 
MRI, US, and PET/CT for the preoperative 

 staging of perihilar CCA is limited [ 36 ]. CT was 
found to be the most frequently used radiologic 
test. Meta-analysis was not feasible for MRI, US, 
or PET/CT because of the small number of 
patients in the data sets. Abstracted results for 
longitudinal ductal involvement, portal vein 
involvement, hepatic artery involvement, lymph 
node metastases, and distant metastases are pre-
sented in Table  13.1  [ 36 ].

   In the staging of perihilar CCA, CT is usually 
performed because of its high spatial resolution, 
anatomic detail, and temporal resolution. Primary 
tumor radial diameter, longitudinal ductal exten-
sion, portal vein involvement, and hepatic artery 
involvement can be evaluated. Given their high 
contrast resolution, MRI and MRC can provide 
complementary information to CT results with 
regard to tumor size, hilar/perihilar extension, 
and bile duct involvement, but MRI usually has 
poorer spatial and temporal resolution of the 
hepatic artery and the portal vein, which can be 
worsened by MRI fl ow-related artifact. 

 The accuracy of CT is limited in the evalua-
tion of locoregional nodes in perihilar CCA. The 
meta-analysis by Ruys et al. yielded a summary 
estimate of 61 % sensitivity and 88 % specifi city 
for detecting metastatic lymphadenopathy [ 36 ]. 
In routine CT interpretation, a short-axis diame-
ter > 10 mm is used to defi ne metastatic nodal 
enlargement. However, in a pathologic study of 
resected nodes in perihilar CCA, Ruys et al. 
noted 65 % sensitivity and 61 % specifi city for 
nodal positivity using a cutoff value of 10.5 mm 
[ 35 ]. In one study, PET/CT had 41.7 % sensitivity 

   Table 13.1    Diagnostic performance values for CT, MRI, US, and PET/CT in the preoperative staging of perihilar 
cholangiocarcinoma [ 36 ]   

 Accuracy (%)  Sensitivity (%), specifi city (%) 

 Bile duct  Portal vein  Hepatic artery  Lymph node  Distant 

 CT a   86  89, 92  84, 93  61, 88  67, 94 c  

 MRI b   71–80  79, 0 c   –  –  – 

 US b   59–82  75–83, 
93–100 

 0–43, 100  –  – 

 PET/CT b   –  –  –  42, 80 c   56, 88 c  

  − no data,  Bile duct  longitudinal bile duct extension,  portal vein  portal vein involvement,  hepatic artery  hepatic artery 
involvement,  lymph node  lymph node metastases,  distant  distant metastases 
  a Summary estimates except for distant metastases 
  b Non-pooled ranges 
  c Single study  
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and 80 % specifi city in detecting malignant 
lymphadenopathy [ 24 ]. Limited results are usu-
ally attributed to the high prevalence of PSC 
infl ammatory lymphadenopathy (Fig.  13.5 ) [ 35 ]. 
Therefore, lymph node sampling by staging lapa-
roscopy or laparotomy is performed prior to 
defi nitive surgery [ 14 ,  33 ].

   Extranodal metastases to the liver, perito-
neum, lung, adrenal glands, and bones occur in 
perihilar CCA [ 14 ]. Because multiphasic liver 
CT can be incorporated into a complete CT 
examination of the chest, abdomen, and pelvis, 
CT is useful to screen for distant metastases. In 
one study, CT had a 67 % sensitivity and 94 % 
specifi city for detecting distant metastases [ 15 ]. 
In one study, PET/CT had a 56 % sensitivity and 
88 % specifi city in demonstrating distant metas-
tases [ 24 ]. However, in both of these studies, the 
evaluation of distant metastatic disease was lim-
ited to the liver and peritoneum. Although stag-
ing laparoscopy or laparotomy is important to 
diagnose peritoneal carcinomatosis, laparoscopy 
and laparotomy are limited to evaluating meta-
static disease within the abdomen. Complete CT 
of the chest, abdomen, and pelvis or whole-body 
PET/CT (usual coverage from calvarial vertex 
through the upper thighs) could show extra-
abdominal disease in the noninvasive preopera-
tive staging of patients with perihilar CCA. In 
addition, there is evidence that  18 F-FDG PET/CT 
is accurate in detecting bone metastases and is 

superior to conventional whole-body bone scin-
tigraphy, especially in the axial skeleton [ 6 ]. 

   Conclusion 

 US, CT, MRI, MRC, and PET/CT are nonin-
vasive radiologic tests used in the care of 
patients with PSC and its complications. All 
of these modalities can depict the fi ndings of 
PSC. Any could be the fi rst exam to detect 
PSC in subclinical cases. In established cases 
of PSC, US is used to  annually screen PSC 
patients because of their high risk for gallblad-
der adenocarcinoma. 

 MRC is accurate in the diagnosis of 
PSC. MRC fi ndings parallel those of ERC, 
with potentially better display of intrahepatic 
bile duct changes. Because MRC is noninva-
sive and does not involve the use of ionizing 
radiation, its utility for surveillance of disease 
progression and PSC- related complications is 
being recognized. However, the demonstra-
tion of a dominant stricture by MRC still 
requires follow-up ERC for therapeutic man-
agement and for evaluation of malignancy. 

 CT remains the noninvasive radiologic 
workhorse in patients with an established diag-
nosis of PSC. It is used to evaluate cholangitis 
(e.g., cholangitic abscess formation), deterio-
rating liver function, fi brosis/cirrhosis, PHTN, 
and malignancy (CCA, HCC, or GBC). 
Important in tumor staging, CT helps to char-

a b

  Fig. 13.5     18 F-FDG PET/CT in a 45-year-old male with 
PSC. ( a ) Markedly PET-avid nonmalignant, reactive gas-
trohepatic lymph node ( arrow ) depicted by fused PET/

CT. ( b ) Concurrent CT scan without intravenous contrast 
shows the enlarged node ( arrow ). This node decreased in 
size during 7 years of follow-up imaging       
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acterize the primary malignancy with regard to 
size, radial and longitudinal spread, invasion of 
the hepatic artery and portal vein, associated 
bile duct dilatation, and involvement of con-
tiguous structures such as the hepatoduodenal 
ligament and duodenum [ 14 ,  15 ,  36 ]. Although 
limited in assessing malignant lymphadenopa-
thy and peritoneal carcinomatosis, multiphasic 
dynamic liver CT performed in conjunction 
with CT of the chest, abdomen, and pelvis can 
be used to screen for distant metastases. 

 PET/CT can provide additional informa-
tion in PSC, especially in cases complicated 
by malignancy. Although the data is limited, 
PET/CT can contribute to the detection of the 
primary tumor, malignant lymph nodes, and 
distant metastases. False-positive results asso-
ciated with the fi broinfl ammation and reactive 
lymphadenopathy of PSC are noted as a 
potential limitation (Fig.  13.5 ). 

 Among the more investigative technolo-
gies, MRE is the most likely to be incorpo-
rated next into the routine evaluation of PSC 
patients. Quickly performed along with MRI 
and MRC, MRE can accurately quantitate 
fi brosis in both hepatic lobes. Because MRE is 
noninvasive, unlike liver biopsy, potentially 
more accurate than liver biopsy and sono-
graphic elastography, and does not use ioniz-
ing radiation, MRE could become the study of 
choice to evaluate hepatic fi brosis, progres-
sion of hepatic fi brosis, and response to evolv-
ing antifi brotic therapies. 

 In summary, US, CT, MRI, MRC, and PET/
CT are routinely used in the care of PSC patients. 
Each modality is unique. None demonstrate all 
of the fi ndings of PSC and its complications. 
Depending on the clinical situation, the judi-
cious use of more than one of these complemen-
tary studies is likely to provide the most complete 
information for the best care of PSC patients.      
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