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Abstract

Magnetic resonance imaging (MRI) findings of primary
biliary cirrhosis (PBC; currently regarded as a vanishing
bile duct syndrome) are not established. In this report,
we describe our preliminary analysis of the relation
between MRI findings and histopathologic staging of
PBC and review clinical, morphologic, and MRI
findings of PBC especially focusing on the staging of
PBC.
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Primary biliary cirrhosis (PBC) is a disease in which
intrahepatic bile ducts are progressively destroyed [1].
Ahrens et al. defined this disease entity [2]. In the early
stages, chronic nonsuppurative destructive cholangitis
(CNSDC) occurs in the liver; after the cholestatic pro-
cesses have progressed, the liver becomes cirrhotic [3].
The etiology of PBC is still unknown. However, immu-
nologic abnormalities seem to contribute to the disease
process, including bile duct destruction. Cholestasis
follows cytotoxic T-cell attack of the biliary epithelium
[4].

In many respects, PBC is similar to the graft-versus-
host syndrome, as seen, for instance, after bone marrow
transplantation and when the immune system has be-
come sensitized to foreign HLA proteins [1, 5]. Sherlock
and Dooley [1] suggested that PBC may be a spontane-
ous form of chronic liver rejection.

In this article, we review the general information
about PBC for radiologists and present our preliminary
analysis of the relation between magnetic resonance
imaging (MRI) findings and the histopathologic staging
of PBC.

Clinical features of PBC

Clinically, 90% of patients are female and usually
middle age. The reason for the female predominance is
unknown. In most cases, pruritus is the initial symp-
tom, and jaundice appears within 2 to 3 years. Subse-
quently, hepatosplenomegaly and portal hypertension
develop gradually. These cases are called symptomatic
PBC.

However, in some cases, the only symptom is
abnormal serum hepatobiliary enzyme levels (such as
high alkaline phosphatase and c-glutamyltranspeptidase)
discovered during annual health checkups. Such cases
are called asymptomatic PBC. The clinical course in the
asymptomatic patient with PBC diagnosed early seems
much longer (survival rate, ‡least 10 years) [6]. In con-
trast, those with symptomatic disease and jaundice sur-
vive about 7 years [7].

Diagnosis of PBC is based on the histopathologic
finding of CNSDC and the presence of serum antimi-
tochondrial antibody.

Ursodeoxycholic acid therapy appears to be effective
in delaying or preventing the need for transplantation
and improving survival rate. Liver transplantation is the
treatment of choice for patients with advanced PBC.
However, recurrence of PBC after liver transplantation
has been described in up to 15% of patients [8].

Pathology of PBC

Pathologically, PBC is characterized by nonsuppurative
inflammation and destruction of the interlobular bile
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ducts. Rubin et al. first described the histopathologic
findings of PBC as CNSDC [3] (Fig. 1). Scheuer classi-
fied PBC into four stages based on findings of florid duct
lesions (portal hepatitis; stage I), ductular proliferation
and periportal hepatitis (stage II), scarring (bridging
necrosis and septal fibrosis; stage III), and cirrhosis
(stage IV) [9].

Nakanuma et al., by histometric evaluation, found
that bile ducts with a lumen smaller than 70 to 80 lm are
destroyed in PBC. Extensive destruction of the ducts was
seen more frequently in the nonfibrotic stage of PBC
than in later stages [10]. Destruction and disappearance
of intrahepatic bile ducts in PBC is observed mainly in
small bile ducts; however, active inflammation is ob-
served even around larger bile ducts (Figs. 1, 2). These

histopathologic changes can be observed as periportal
inflammatory change on radiologic imaging.

Histologic staging and MRI findings
of PBC

Periportal hyperintensity on T2-weighted MRI

MRI provides high-contrast resolution of soft tissues,
and intrahepatic periportal hyperintensity on T2-weigh-
ted MR images represents edema, ductular proliferation,
dilatation of lymph vessels, and inflammatory cell infil-
tration of portal tracts [11].

We previously reported that none of four cases with
cirrhotic-stage (stage IV) PBC showed positive periportal
hyperintensity on T2-weighted MR images [11]. How-
ever, our recent analysis showed that periportal hyper-
intensity on T2 weighted MR images is often observed,
especially at earlier stages of PBC (Fig. 3). Periportal
hyperintensity is thought to represent the periportal
inflammation associated with CNSDC.

In our preliminary analysis, the incidences of the
periportal hyperintensity on T2-weighted MRI at each
histologic stage of PBC were 100% at stages I and II,
75% at stage III, and 33% at stage IV. This finding was
considered to reflect active inflammation in the portal
tracts. Therefore, the frequency of periportal hyperin-
tensity may parallel the incidence of CNSDC in the each
stage.

In the current study, periportal hyperintensity was
seen even in the late stage of PBC (33% of stage IV cases
showed this finding in our preliminary analysis). It may
be explained by the fact that, even in Scheuer stage III or
IV, the florid duct lesions were seen at histopathologic
examination [12] (Fig. 2).

Fig. 1. Medium-power photomicrograph of PBC (Scheuer
stage II). A mixed chronic inflammatory cell infiltrate sur-
rounds the intermediate-size bile duct, and there is focal
disruption of the basement membrane. This is typical
CNSDC. Hematoxylin and eosin stain.

Fig. 2. Medium-power photomicrograph of PBC (Scheuer
stage III). CNSDC is observed around larger bile ducts. Note
that CNSDC is observed even in late stage PBC cases.
Hematoxylin and eosin stain.

Fig. 3. A 66-year-old woman with PBC, Scheuer histologic
stage I. Axial T2-weighted MR image (single-shot first spin
echo; repetition time/echo time, 4000 ms/90 ms) shows
periportal hyperintensity around medium-size portal tracts
(arrows).
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Arterial portal shunting on dynamic MRI

In PBC cases, small punctuated or segmental staining is
sometimes observed in the early phase of dynamic MRI
(Figs. 4, 5). Irreversible, small portal branch occlusions,
which are caused by active inflammation in the portal
tract (CNSDC), may induce arterial-portal shunting and
may be observed as early contrast enhancement on dy-
namic MRI. Histopathologically, morphologic alteration
of peribiliary vascular plexus, a network of capillaries
that arises from the hepatic artery surrounding the int-
rahepatic bile ducts, is observed in early stages of PBC

[13–15]. This event also may be related to intrahepatic
microcirculatory disturbance and may cause this MR
finding.

In our preliminary analysis, the incidences of irregu-
lar segmental contrast enhancement on dynamic MRI at
each PBC stage were 40% at stage I, 25% at stage II, 50%
at stage III, and 67% at stage IV. The incidences of small
punctuated staining on dynamic MRI of each stage of
PBC were 20% at stage I, 0% at stage II, 25% at stage III,
and 33% at stage IV. No significant correlation occurred
between the incidence of these findings and the histologic
stage of PBC. Because arterial-portal shunting caused by
CNSDC is an irreversible event, the incidence of this
finding on MRI may not change with the progression of
PBC histopathologic stage.

Lymphadenopathy

Outwater et al. reported that lymphadenopathy is a fre-
quent computed tomographic (CT) finding in PBC and
that recognition of this association can help prevent
misdiagnosis of lymphoma or metastatic disease. Spe-
cifically, CT scanning showed that 81% of patients have
enlarged nodes in the gastrohepatic ligament and porta
hepatis [16]. Enlarged paracardiac (24%) and mesenteric
(19%) nodes are also seen [16]. Wenzel et al. also reported
that 62% of PBC cases showed lymphadenopathy of the
periportal, gastrohepatic ligament, or upper retroperito-
neal nodes [17] (Fig. 6).

Regrettably, the relation between the incidence of
lymphadenopathy and the histologic staging of PBC has
not been investigated.

Fig. 4. A 71-year-old man with PBC, Scheuer histologic
stage III. Early phase (30 s) of axial dynamic-contrast en-
hanced T1-weighted MR image (SPGR; repetition time/echo
time, 165 ms/1.4 ms; flip angle, 90 degrees) demonstrates
small punctuated staining on the lateral segment of the left
liver lobe (arrow). This pattern indicates small arterial-portal
shunting.

Fig. 5. A 79-year-old man with PBC, Scheuer histologic
stage IV. Early phase (30 s) of axial dynamic contrast-en-
hanced T1-weighted MR image (SPGR; repetition time/echo
time, 165 ms/1.4 ms; flip angle, 90 degrees) depicts a small
wedge-shaped stain on the medial segment of the liver (ar-
row), indicating small arterial-portal shunting.

Fig. 6. A 67-year-old woman with PBC, Scheuer histologic
stage III. Axial T2-weighted MR image (single-shot first spin
echo; repetition time/echo time, 3500 ms/90 ms) shows sig-
nificant lymphadenopathy on the hepatic hilum and hepa-
toduodenal ligament (arrows).
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Portal hypertension and splenomegaly

Portal hypertension is a recognized complication of early
histologic stages of PBC [10, 18] (Fig. 7). The reasons are
not fully understood. It is thought that CNSDC and
granuloma formation in the portal tract may cause
obstruction of the intrahepatic portal venous branch and
induce intrahepatic presinusoidal portal hypertension
[19, 20].

We previously reported that patients with PBC pres-
ent with significantly more severe splenomegaly in the
noncirrhotic histologic stage and that splenomegaly
persists thereafter (Fig. 8). Prolonged portal hyperten-
sion and other mechanisms, possibly related to immune
disarrangement, may be responsible for the prominent
splenomegaly in PBC [21].

Outwater et al., after a review of CT images of PBC
patients, reported that 76% showed splenomegaly,
whereas 43% showed cirrhosis [16].

MRI periportal halo sign

Wenzel et al. reported the occurrence of the MRI
‘‘periportal halo’’ sign, a conspicuous low-intensity sig-
nal abnormality centered around portal venous branches
on T1- and T2-weighted MR images, in 43% of liver
transplant recipients with PBC [17] (Fig. 9). Compared
with patients with cirrhosis not caused by PBC, patients
with cirrhosis due to PBC had a significantly high inci-
dence of this finding, suggesting that this sign is highly
specific for the diagnosis of PBC [17]. We believe this
finding may apply to late stage PBC because, in our
experience, early stage (stages I and II) PBC cases did not
show this MR finding.

Hepatocellular carcinoma

Sherlock and Dooley reported that hepatocellular carci-
noma (HCC) is a very rare feature of PBC, perhaps
because true nodular cirrhosis develops so late [1]. Re-
cently, Nakanuma et al. reported that about 4% of
autopsied PBC cases had coexistent HCC [22]. Wenzel
et al. reported 5% of their transplant recipients had HCC
[17]. Jones et al. also reported that HCC developed in
about 2.4% of PBC cases, all of which were stage III or
IV [23].

In these studies, it was difficult to exclude the influ-
ence of the hepatitis virus infection, so whether PBC

Fig. 7. A 67-year-old woman with PBC, Scheuer histologic
stage III. Post-contrast–enhanced T1-weighted MR image
(SPGR; repetition time/echo time, 165 ms/1.4 ms; flip angle,
90 degrees) demonstrates dilatation of the portosystemic
collateral pathways (arrows).

Fig. 8. A 54-year-old woman with PBC, Scheuer histologic
stage II. Axial T2-weighted MR image (single-shot first spin
echo; repetition time/echo time, 4000 ms/90 ms) visualizes
marked splenomegaly.

Fig. 9. A 74-year-old woman with PBC, Scheuer histologic
stage IV. Axial T2-weighted MR image (single-shot first spin
echo; repetition time/echo time, 3500 ms/90 ms) shows round
areas of low-intensity signal encircling portal veins (MRI
periportal halo sign; arrows).
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itself has hepatocarcinogenic potential remains unknown
(Fig. 10).

Nodular regenerative hyperplasia

Nodular regenerative hyperplasia (NRH) is a rare dis-
order of the liver characterized by the presence of mul-
tiple small nodules diffusely scattered in the parenchyma
of the liver. The nodule ranges from 1 to 20 mm. The
nodule consists of hyperplastic hepatocytes. Nakanuma
et al. reported the association of NRH with portal
hypertension in patients with early stages of PBC. Of 26
cases of stage I and II PBC, nine showed NRH [24].
However, there are no radiologic reports about the
association between NRH and PBC.

Differential diagnosis of PBC

For diagnosis of PBC, radiographic demonstration of a
normal biliary tree is usually essential to exclude other
possible diagnoses such as hepatic masses, secondary
biliary cirrhosis, subacute biliary obstruction, and scle-
rosing cholangitis [16]. Primary sclerosing cholangitis
(PSC) should be excluded because PBC and PSC show
chronic cholestatic features clinically. On imaging stud-
ies, PSC cases show irregular intra- and/or extrahepatic
bile duct dilatation (Fig. 11). Ito et al. reported that the
most common finding is intrahepatic bile duct dilatation
(77%), followed by intrahepatic bile duct stenosis (64%),
extrahepatic bile duct stenosis (50%), and intrahepatic
bile duct beading (36%) [25]. In PBC cases, these seg-
mental abnormalities in the major bile ducts are not seen,
and the cholangiographic findings are usually normal or
diffuse attenuation and narrowing of intrahepatic bile
ducts [26] (Fig. 12). In addition, periportal hyperinten-

sity in major portal tracts on T2-weighted image is usu-
ally marked and definite with PSC. Hence, it is not
difficult to distinguish PSC from PBC by MRI, if the
imaging findings show the features typical for PSC.

Conclusion

In this update, we present a preliminary analysis of our
MRI findings of PBC and a review of the literature
dealing with imaging findings in PBC patients. With
improvement in diagnostic methods, the incidence of
asymptomatic early stage PBC has increased. Currently,
the staging of PBC depends on histopathologic diagno-
sis. However, the development of a radiologic, nonin-
vasive surrogate staging method is anticipated.

Fig. 10. A 79-year-old man with PBC, Scheuer histologic
stage IV. Axial T2-weighted MR image (single-shot first spin
echo; repetition time/echo time, 3500 ms/90 ms) depicts a
2-cm, slightly hyperintense round lesion on the anterior
segment of the right liver (arrow). Diagnosis of HCC was
confirmed by needle biopsy. A small liver cyst is also ob-
served on this plane (arrowhead).

Fig. 11. A 47-year-old woman with PSC. Coronal maximum
intensity projection of T2-weighted MR image (first spin echo;
repetition time/echo time, 14,000 ms/900 ms) demonstrates
diffuse intrahepatic bile duct dilatation with segmental steno-
sis, causing a beading appearance.

Fig. 12. A 76-year-old man with PBC, Scheuer histologic
stage II. Coronal maximum intensity projection of T2-weighted
MR image (first spin echo; repetition time/echo time, 14,000
ms/900 ms) shows no definite abnormality in intrahepatic bile
ducts.
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