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Magnetic Resonance Imaging
in Primary Sclerosing Cholangitis
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* magnetic resonance Primary sclerosing cholangitis (PSC) is a chronic liver disease in which there are inflammation
imaging and scarring of the bile ducts leading to fibrosis, destruction and narrowing of the bile ducts,

* primary sclerosing resulting in cholestasis. In the long run, PSC can cause liver cirrhosis and failure. In clinical
cholangitis practice, the diagnosis of PSC is generally based on blood tests and imaging studies (currently

* imaging preferably magnetic resonance cholangiopancreatography). To make a diagnosis of PSC

itis necessary to exclude secondary causes of sclerosing cholangitis. The most common MRI
features of PSC concerning bile ducts are: bile duct dilatation, beading, extrahepatic bile duct
stenosis, wall enhancement and thickening. The most common MR features of PSC concerning
hepatic parenchyma are: rounded shape of the liver caused by hypertrophy of caudate lobe
and left liver lobe, atrophy of the right lobe, enlargement of portal and/or portacaval lymph
nodes, peripheral parenchymal inflammation, wedge-shaped confluent fibrosis, heterogeneity
of the liver parenchyma, periportal oedema, cirrhosis with indirect signs of portal hypertension
such as splenomegaly, ascites and collateral vasculature.

SEOWA KLUCZOWE: STRESZCZENIE

* rezonans magnetyczny Pierwotne stwardniajgce zapalenie drég zétciowych jest przewlekig chorobg watroby, w kto-
* pierwotne stwardniajace rej dochodzi do procesu zapalnego i bliznowacenia w obrebie drég zétciowych, co prowadzi
zapalenie drég zotciowych do ich widknienia, destrukcji i zwezen, skutkujgcych cholestazg. Ostatecznie, pierwotne
» obrazowanie stwardniajgce zapalenie drég zoétciowych prowadzi zwykle do marskosci i niewydolnosci
watroby. W praktyce klinicznej, do postawienia rozpoznania niezbedne jest wykonanie badan
krwi oraz badan obrazowych (obecnie metodg z wyboru jest cholangiopankreatografia rezo-
nansu magnetycznego). Postawienie rozpoznania pierwotnego stwardniajgcego zapalenia
drég zotciowych wymaga wykluczenia wtérnych przyczyn stwardniajgcego zapalenia drog
z6tciowych. W obrazowaniu metodg rezonansu magnetycznego, u pacjentéw z pierwot-
nym stwardniajgcym zapaleniem drég zoétciowych obserwuje sie: odcinkowe poszerzenia
i zwezenia drog zotciowych ("obraz korali"), pogrubienie i wzmocnienie kontrastowe $cian
drog zétciowych, zaokrgglony obrys watroby spowodowany powiekszeniem ptatéw lewego
i ogoniastego, atrofia ptata prawego, powigkszenie weztéw chtonnych okolicy zyty wrotnej
i zyty gtéwnej dolnej, obwodowo widoczne cechy zapalenia w obrebie migzszu, zlewajgce
sie obszary witdknienia klinowatego ksztattu, niejednorodno$¢ migzszu, obrzek okotowrotny,
marskos¢ watroby z posrednimi objawami nadcisnienia wrotnego, takimi jak powiekszenie
Sledziony, wodobrzusze i naczynia krazenia obocznego.

Introduction canaliculi, segmental bile ducts, sectoral bile ducts, left and

right hepatic bile ducts. Bile canaliculi merge to form seg-
Bile duct anatomy mental bile ducts which drain each liver segment. The seg-

mental ducts from segments 6. and 7. unite to create right
The bile ducts are a number of tube-like structures that carry posterior sectoral duct (RPSD). The segmental ducts from
bile from the liver to the duodenum. There are intra- and ex- segments 5. and 8. combine to make right anterior sectoral
trahepatic bile ducts. The intrahepatic bile ducts consist of bile duct (RASD). Right anterior and posterior sectoral ducts
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merge to form right hepatic duct (RHD). The segmental
ducts from segments 2.,3. and 4. unite to create left hepatic
duct (LHD). The common hepatic duct (CHD) arises from
the union of right and left hepatic ducts. The angle of their
union is the point of the exit of a bile duct (or ducts) from
segment 1. of the liver. The extrahepatic bile ducts consist
of common hepatic duct, gallbladder, cystic duct, and com-
mon bile duct. The gallbladder stores an excess of the bile.
Cystic duct from the gallbladder merge with common hepatic
duct and together they form common bile duct. The common
bile duct combines with main pancreatic duct and form major
duodenal papilla, a conical structure, where the bile and pan-
creatic juice get to the duodenum (1).

Primary sclerosing cholangitis

Primary sclerosing cholangitis (PSC) is a chronic liver dis-
ease in which there are inflammation and scarring of the
bile ducts leading to fibrosis, destruction and narrowing
of the bile ducts, resulting in cholestasis (2). In the long run,
PSC can cause liver cirrhosis and failure (3). At present,
the etiology of the disease is unknown. It is supposed that
autoimmune factors, genetic susceptibility and incorrect
composition of the gut flora play a key role in pathomech-
anism of PSC (4). This is supported by the observation,
that 50-80% of PSC patients have inflammatory bowel dis-
ease (4). Primary sclerosing cholangitis is a rare disease,
affecting mostly men aged 30 to 50, with prevalence range
from 3.85 to 16.2 cases per 100,000 person-years (5).
In clinical practice, the diagnosis of PSC is generally based
on blood tests (like alkaline phosphatase, aminotransfer-
ases, bilirubin) and imaging studies (cholangiography via
endoscopic retrograde cholangiopancreatography or mag-
netic resonance cholangiopancreatography) (3). This paper
presents current and brief review concerning magnetic res-
onance imaging of the primary sclerosing cholangitis.

PSC Diagnosis

To make a diagnosis of PSC it is necessary to exclude sec-
ondary causes of sclerosing cholangitis such as: toxic, in-
fectious, traumatic, obstructive, ischemic or potential other
inflammatory factors (6). The most useful tools for detecting
PSC are magnetic resonance cholangiopancreatography
(MRCP, in most cases the modality of choice) and endo-
scopic retrograde cholangiopancreatography (ERCP).
ERCP is a technique that incorporate endoscopy and
fluoroscopy. During ERCP, an endoscope is inserted through
the upper gastrointestinal tract into the duodenum. Next,
the catheter or cannula is inserted through the major duo-
denal papilla and radiocontrast is injected to visualize bile
ducts and/or pancreatic duct. Thus, ERCP is an invasive
technique with potential serious complications including
pancreatitis, cholangitis, perforation and bleeding (7).
Magnetic resonance imaging (MRI) with magnetic res-
onance cholangiopancreatography (MRCP) is the imaging
modality of choice to workup of patients with suspected PSC
(7, 8) as recommended by both American Association for
the Study of Liver Diseases (AASLD) and European Asso-
ciation for the Study of the Liver (EASL) guidelines (6, 7)
and widely used for surveillance purposes (6). MRCP has
high diagnostic sensitivity (86%) and specificity (94%) for
detection of PSC (6) and is superior to ERCP for initial
screening of suspected cases in terms of cost effectiveness.

However, diagnostic accuracy of early-stage PSC is 90% for
MRCP compared with 97% for ERCP (8). ERCP is preferred
in non-diagnostic cases and in patients with early small duct
PSC, who have normal MRCP, despite clinical, biochemical
and histological findings (6). In comparison to ERCP, MRCP
is more limited in visualization of the peripheral intrahepatic
branches. Also, the detection of PSC in patients with cirrhotic
liver is reduced in MRCP (8). In these patients cirrhotic
nodules may compress the bile duct lumen that may mimic
sclerotic bile duct changes.

An abdominal ultrasound (US), which is still a very sensi-
tive examination especially for detecting intrahepatic calculi,
cannot provide complete morphological results in the event
of cholangitis. Otherwise, patients with unrecognized PSC
are more likely to be evaluated with computed tomogra-
phy (CT), as it is usually first modality for the assessment
of upper abdominal syndromes (6). However, similar to US,
the role of CT is limited in the assessment of biliary stric-
tures, especially of small peripheral bile ducts that can be
missed in early stages of disease.

MRI and MRCP features in PSC

Technical overview

MRCP can be performed at 1,5 or 3 T scanners, but 3T
MRI exam is preferred because of the better visualization
of the biliary system. A recent recommendation from the In-
ternational PSC Study Group requires at least 1,5 T MR
scanner for the diagnosis (8).

Acquisition is performed in a fasted state (often at least
4 hours), to reduce signal overlap from fluid in the surround-
ing stomach and duodenum, reduce peristalsis and pro-
mote gallbladder distension. Some centres use a negative
oral contrast agent, such as 200-400 ml of pineapple juice,
20-30 min prior MRCP (7).

The main principle of MRCP is use of T2-weighted (T2w)
imaging sequences that provide high signal of biliary sys-
tem and pancreatic duct with suppression of background
signal from abdominal structures (7, 8). The images can
be performed with both two-dimensional (2D) and three-di-
mensional (3D) images. Common additional sequences
obtained during whole abdominal MRI protocol include tra-
ditional axial T2w, Diffusion-weighted images (DWI), in and
out of phase, precontrast T1w and multiphasic postcontrast
T1w series (6). The best images in the diagnosis of PSC
with this method are obtained with the complementary eval-
uation of MRCP images obtained with several (usually 2-3)
different MRCP techniques.

MRI imaging contrast agents can be either extracellu-
lar (ECM) or hepatobiliary contrast agents (HBCAs). ECM
(such as Gadovist, Dotarem) are used when general eval-
uation of liver and vascular structures is needed in exam-
ination of liver disease. HBCA (such as Multihance, Eovist)
behaves like ECM but portion of contrast agent is taken up
by functioning hepatocytes and excreted via bile ducts
that is seen as bright signal on T1w images. The differ-
ence of standard MRCP and HBCA-MRCP is that the latter
requires injection of intravenous contrast and uses T1w
images, whereas standard MRCP uses bile high signal
on T2w images. HBCA-MRCP is less susceptible to motion
artifacts (images are obtained in only one or two breath
holds), but smaller peripheral ducts are not well delineated
with this technique (6). Depending on the contrast agent
used, post-contrast images are acquired in different phases
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including arterial, portal venous, equilibrium (parenchyma),
delayed and hepatobiliary phases (7).

According to Arive L et al. performing the sequences after
contrast injection is not needed in all cases. It is unneces-
sary for detecting of bile duct abnormalities in cases where
liver function tests have altered, if the previous exam has
shown nothing. In PSC it can be useful in the initial exam-
ination, to detect heterogeneous enhancement of the liver
parenchyma and contrast uptake by the wall of the bile ducts.
Itis not certain that it is essential in regular monitoring of PSC.
Contrast injection can also be used in suspicion of cholan-
giocarcinoma (CCC) even though contrast uptake by CCC
is generally similar to uptake by a local fibrous stenosis (9).

To sum up, the complete workup for performing MRI
/MRCP in PSC should consists of:

¢ bile duct imaging: T2w MRCP preferred over T1w

and 3D MRCP over 2D MRCP to improve visualization
of biliary ducts;

¢ liver parenchyma imaging: cross sectional T2w and

T1w acquisition is recommended. T2w coronal plane
acquisitions cover most of the liver from anterior to pos-
terior, they are important to evaluate the peripheral
intrahepatic ducts. Fat-suppressed T1w images add in-
formation about liver parenchyma. Contrast enhanced
images form part of complete workup to detect and
differentiate mass lesions and inflammation (7).

The examination should be interpreted according to
the plan that includes:

1) examination of the bile ducts, describing any steno-

sis and dilatations if present;

2) systemic search for any intrahepatic calculus;

3) examination of the heterogeneity of the liver

parenchyma;

4) investigation to find signs of liver hypertension;

5) analysis of the enhancement of the liver parenchyma

and enhancement of the wall of the bile ducts (9).

MRI/MRCP bile ducts features

The features of PSC vary in different stages of the disease.
In the early stages, multifocal annular short segmental
strictures in the intrahepatic and/or extrahepatic biliary

ducts alternating with normal ducts or focal mildly dilated
ducts (beaded appearance so called "string of pearls ap-
pearance") is the typical MRCP manifestation. A problem
may arise in the early stages of the disease, especially
in healthy patients, concerning visualization of small pe-
ripheral biliary ducts as they’re filled with only 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.
Long segmental intrahepatic biliary strictures are not com-
mon and are concerning features of superimposed chol-
angiocarcinoma (CCA). The strictures are usually located
at the biliary bifurcations and are out of proportion to their
upstream dilatations (6). This is likely because of peri-
ductal fibrosis and inflammation, that prevent the biliary
ducts from dilating. In more advanced stages peripheral
biliary ducts may not be well visualized and may have
a "pruned-tree" appearance (6, 9) owing to the progression
of fibrosis and advanced strictures obliterating small pe-
ripheral ducts. Moreover, an obtuse angle instead of acute
between the central and more peripheral ducts is sugges-
tive of PSC (6).

Both MRI and MRCP are good tools for evaluation of bil-
iary stones, that can coexist with PSC. T2-weighted images
are superior to T1-weighted images for detection of biliary
stones, as they illustrate focal areas of signal-intensity-void
filling defects among the background of high-signal-inten-
sity bile. Biliary stones can be iso- or hyperintense at T1w
imaging.

To be precise in the interpretation of PSC changes on
MRCP images, Arrive L et al. proposed the description de-
tails of the hepatic bile ducts morphological changes. Ac-
cording to them, the stenosis is moderate when it is less
than 75%, and severe when greater than 75%, short when
it is less/or equal to 2 mm, long when exceeds 10 mm, in-
termediate when between 2-10 mm; involvement of the bile
ducts is localised when less than 25% of the intrahepatic
bile ducts are involved and diffuse when more than 25%
are affected (9).

Summing up, the most common MRI features of PSC
concerning bile ducts are: bile duct dilatation (77%) — usually
moderate, beading (36%), extrahepatic bile duct stenosis
(50%), wall enhancement (67%) and thickening (50%) (6).

Figure 1. Axial scans show a progression of the disease (stricture of the common hepatic duct, progressive periportal fibrosis and inhomogenity
of the liver parenchyma) in case of a patient suffered from colitis ulcerosa.
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Figure 2. MRCP image of the patient suffered from Crohn disease

shows multiple dilatations and strictures of the biliary tree.

Figure 3. T2w MRCP scans in coronal and axial planes depict
regeneration tumors. Radiological findings were confirmed

in histopathological examination (a chronic fibro-inflammatory
changes, an infiltration of lymphocytes and eosinophils).

MR liver parenchyma features

Aside from bile ducts changes, several hepatic parenchymal
features can be observed in PSC, such as: rounded/spheri-
cal shape of the liver caused by hypertrophy of caudate lobe
and left liver lobe, atrophy of the right lobe, enlargement
of portal and/or portocaval lymph nodes, peripheral pa-
renchymal inflammation, wedge-shaped confluent fibrosis,
heterogeneity of the liver parenchyma (reticular, nodular pa-
renchyma), periportal oedema, cirrhosis with indirect signs
of portal hypertension such as splenomegaly, ascites and
collateral vasculature (6).

The characteristic findings of liver parenchyma in PSC

are:

e T1-weighted imaging: atrophied, peripheral wedge-
shaped areas present hypoenhancement in early
contrast-enhanced phases and hyperenhancement
in more delayed contrast-enhanced phases. Arte-
rial phase peribiliary enhancement with focal, seg-
mental or diffuse distribution can be seen as another
enhancement pattern of PSC, related to ongoing
cholangitis;

* T2-weighted imaging: wedge-shaped peripheral con-
fluent hepatic fibrosis is seen as areas of high signal in
T2w images. The signal abnormalities are due to pa-
renchymal oedema and hyperperfusion due to paren-
chymal inflammation. Periportal oedema is seen as
high T2w signal and is seen in 40-68% of cases in dif-
ferent studies (6);

e diffusion-weighted imaging: some authors has re-
ported high sensitivity and specificity of apparent dif-
fusion coefficient (ADC) values in the detection of liver
parenchymal fibrosis, however, the utility of DWI and
ADC remains controversial in this purpose (6, 7). On
the other hand, DWI imaging is helpful in distinguish-
ing acute bacterial cholangitis from abscess, as they
both can be the complications of PSC. In abscess
DWI signal intensity is expected to increase with higher
b-values. In cases of acute cholangitis without abscess
formation the signal is decreasing (6).

Conclusions

e Primary sclerosing cholangitis (PSC) is a chronic liver
disease in which there are inflammation and scarring
of the bile ducts.

e Eventually, PSC can cause liver cirrhosis and failure.

e |tis supposed that autoimmune factors, genetic sus-
ceptibility and incorrect composition of the gut flora
play a key role in pathomechanism of PSC.

¢ |n clinical practice, the diagnosis of PSC is generally
based on blood tests and imaging studies (currently
preferably magnetic resonance cholangiopancre-
atography).

— magnetic resonance imaging (MRI) with mag-
netic resonance cholangiopancreatography
(MRCP) is the imaging modality of choice
to workup of patients with suspected PSC as
recommended by both American Association
for the Study of Liver Diseases (AASLD) and
European Association for the Study of the Liver
(EASL) and widely used for surveillance pur-
poses. It is a cost-effective tool and has high
sensitivity and specificity for diagnosis and as-
sessment of PSC progression;
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— recent recommendation from the International
PSC Study Group requires at least 1,5 T MR
scanner for the diagnosis.

e Minimum recommended standard protocol MRI
/MRCP in PSC includes: T2-weighted liver axial,
T1-weighted liver axial, T2-weighted MRCP, 3D
MRCP, dynamic contrast-enhanced MRI. MRl imag-
ing contrast agents can be either extracellular (ECM)
or hepatobiliary contrast agents (HBCAs). The best
images in the diagnosis of PSC with this method are
obtained with the complementary evaluation of MRCP
images obtained with several (usually 2-3) different
MRCP techniques.

®* The examination should be interpreted according
to the plan that includes:

— examination of the bile ducts, describing any
stenosis and dilatations if present;

— systemic search for any intrahepatic calculus;

— examination of the heterogeneity of the liver
parenchyma;

— investigation to find signs of liver hypertension;

— analysis of the enhancement of the liver paren-
chyma and enhancement of the wall of the bile
ducts.

e The features of PSC vary in different stages of the dis-
ease. The most common MRI features of PSC con-
cerning bile ducts are: bile duct dilatation (77%)
— usually moderate, beading (36%), extrahepatic bile
duct stenosis (50%), wall enhancement (67%) and
thickening (50%).

® | ong segmental intrahepatic biliary strictures are not
common and are concerning features of superim-
posed cholangiocarcinoma (CCA).
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