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After benzidine reaction, sections were counterstained with
hematoxylin. Negative controls were done by substitution
of the primary antibodies with nonimmunized serum.

Semiquantitative assessment of immunohistochemical
results and statistics

The intensity of immunostaining of iNOS and eNOS in
splenic sinuses was assessed by the following grading scale:
—to =%, absent or minimal; 14, weak; 2+, moderate; and
3+, strong. The number of ET-1-positive cells was quantita-
tively determined; that is, the number of ET-1-positive cells
in the red pulp was counted in a blinded fashion at a mag-
nification of x200 under the light microscope, and the total
cell number was calculated for 10 high-power fields (HPFs).
Histological evaluation was performed by two independent
pathologists (Y. S. and S. S.).

The mean and standard deviation (SD) were calculated for
the parameters determined. Statistical significance was eval-
uated using Student’s ¢ test, Fisher’s exact probability test,
or Sperman rank correlation test. All data analyses were per-
formed using the Statview-J5.0 software application (Abacus
Concepts, Inc., Berkley, CA). P values <0.05 were consid-
ered statistically significant.

Results

Histology of the spleen

Spleens of IPH and LC showed fibrocongestive changes
(Fig. 1), composed of fibrous thickening of the capsule and

fibrosis and expansion of the red pulp (Table 2). White pulp
follicles were generally inconspicuous. In two cases of IPH

and three cases of L.C, the white pulp follicles were well”

preserved, and the density of the white pulp area appeared to
vary from case to case. Accumulations of hemosiderin-laden
macrophages were occasionally seen, and sclerosiderotic
nodules (Gamna-Gandy bodies) were present in three
cases.

The most striking feature of IPH spleen was dilatation
of the sinuses (Figs. 1A and 1B). The sinus dilatation in
IPH was characterized by irregularly enlarged slits of the
sinuses and irregularly formed and proliferated endothelial
cells. Compared with these histological features of IPH, the
slits between sinus endothelial cells tended to be narrow and
almost uniform in LC spleens (Fig. 1C). Control spleens gen-
erally showed the normal structure, with narrow and regular
sinuses and endothelial cells arranged parallel to the long
axis of the sinus (Fig. 1D). Such sinus dilatation was more
frequent in [PH compared to LC and controls (P < 0.05 by
Fisher’s exact probability test) (Table 2). No acute splenitis
was observed in any case examined.

Expression of iNOS

Expression of iNOS was seen on the sinus lining cells of
the red pulp. In IPH, expression of iNOS in sinus lining
cells was diffuse and strong (Figs. 2A and B). In compar-
ison with IPH, the intensity was apparently weak in LC
spleens (Fig. 2C) and faint or negligible in control spleens
(Fig. 2D). In addition, iNOS was expressed weakly and
focally on the endothelium of the artery branches at the
hilus to the arterioles (penicilliary arteries), and also in the
endotherium of the veins, and the frequency and intensity
of iNOS expression were not significantly different in
these vessels among the three groups. A few scattered
polymorphonuclear and mononuclear leukocytes in the red
pulp also weakly expressed iNOS in all three groups.

Expression of eNOS

Similarly to iNOS immunostaining, eNOS was mainly
expressed on sinus lining cells of the red pulp. Interestingly,
eNOS was strongly expressed on sinus lining cells of IPH
spleens (Figs. 3A and B) and, to a lesser degree, of LC
spleens (Fig. 3C). The eNOS immunoreactivity of sinus
lining cells was faint or negligible in the control group
(Fig. 3D). Additionally, eNOS was weakly expressed on
the endothelium along the vascular tree of the arteries and
veins of the .spleens in the IPH, LC, and control groups.
Expression of eNOS could not be detected in leukocytes in
the red pulp or white pulp in any group.

Expression of ET-1

In IPH and controls, ET-1 was expressed in the cytoplasm of
scattered mononuclear leukocytes in the red pulp (Figs. 4A,
4B, and 4D). In LC spleens, a few mononuclear leukocytes
in the red pulp showed positive signals for ET-1 (Fig. 4C).
While the number of ET-1-positive cells in the red pulp was
low in LC spleens, they were relatively dense in comparison
with IPH and controls.

Semiquantitative assessment

The intensity and extent of immunohistochemical expression
of iNOS and eNOS in sinus lining cells of the spleens were
more intense and extensive in IPH than in LC and controls
(P < 0.05, Sperman rank correlation test) (Figs. 5A and B).
As for ET-1 immunostaining, the number of ET-1-positive
cells in the red pulp was increased in LC spleens, and the
increase was statistically significant compared with those
in the IPH and control groups by Student’s ¢ test (Fig. 5C).
No significant difference was observed in the number
of ET-1-positive cells between the IPH and the control
groups.
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Fig.1 Low magnification of spleens of idiopathic portal hypertension
(IPH; A) and high-power view of the red pulp of IPH (B), liver cirrhosis
(LC; C), and controls (D). Fibrosis and expansion of the red pulp are
seen in IPH (A). In IPH, diffuse sinus dilatation of the red pulp is evi-

Discussion

It was found in this study that iNOS and eNOS were strongly
and diffusely expressed on sinus lining cells of IPH spleens.
Both iNOS and eNOS are known to synthesize NO, which
then works as a potent vasodilator. NO acts on the vascular
cells by directly stimulating soluble guanylate cyclase, lead-
ing to increased levels of cyclic guanosine monophosphate
and, consequently, decreased intercellular Ca?* concentra-
tions and thus vasorelaxation [12]. It seems conceivable that
the overexpression of iNOS and eNOS in sinus endothelial

dent (A, B), while the slits between sinus endothelial cells are almost
uniform in LC (C). (Periodic acid-Schiff. Original magnifications: A,
x100; B-D, x400.)

cells of IPH spleens causally relates to the widespread dilata-
tion and probably proliferation of splenic sinuses, leading to
massive splenomegaly. This may in turn result in increased
portal venous blood flow to the liver, thereby contributing to
portal hypertension in IPH.

Previous histometric studies have showed that sinus
hyperplasia and dilatation in IPH are important factors in
the enlargement of the spleen [17, 18]. In IPH, the microvas-
cular architecture of the red pulp shows the characteristic
structure, which is reportedly different from that of LC.
Maesawa et al. [8] emphasized that the interendothelial slits

Table 2 Histological features
of the red pulp of the spleen

Widespread sinus dilatation ~ Gamna-Gandy

L ] (>40 pm) body
Note. IPH.‘ 1dlopath?c portal Fibrosis  Sinus endothelial cells Present Absent  Present  Absent
hypertension; LC, liver
cirrhosis. P < 0.03 vs. “IPH and IPH (n=10) Present Irregularly proliferated 7 3ah 2 8
LC value and vs. AIPH and LC (n=10) Present Uniform 2 87 1 9
control value in this column Control (n=20) Absent Uniform 1 19° 0 20

(Fisher’s exact test).
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Fig. 2 Strong immunoreactivity of inducible nitric oxide synthese
(iNOS) on sinus lining cells of the spleen of idiopathic portal hyper-
tension (IPH; A and B). The staining intensity of sinus lining cells is
rather weak in liver cirrhosis (LC; C) and faint or negligible in controls

of sinuses were irregulary enlarged in IPH, and proliferating
cell nuclear antigen-positive sinus endothelial cells were
increased in number in IPH compared with LC. In contrast,
there is a report that the changes in IPH and LC spleens
are essentially similar -and differ-only quantitatively [19].
Our data suggest that sinus endothelial cells of IPH, by
overexpressing NO, contribute actively to the development
of marked splenomegaly and then the maintenance of portal
hypertension. :

The diameter of the portal vein trunk is usually increased
in IPH. Overexpression of iNOS and eNOS in IPH spleens
leads to an elevation of the NO level and the spleen-derived
NO presumably released into the splenic and portal vein.
One possible explanation for the vasodilatation of the portal
vein trunk in IPH may be due to the spleen-derived NO. Usu-
ally, NO exerts its action locally, since the half-life of NO
in biologic fluids is only about 5 s [20]. In the liver of IPH,
pathological changes such as fibroelastosis, phieboscrelosis,
and portal venous dilatation and obliteration in portal tracts

4 by
SR
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(D). B is a high-power view of the square outlined in A. Inset in C is
a high-power view of the red pulp of LC. WP, white pulp. (Original
magnifications: A, C, and D, x200; B and C [inset], x1000.)

are observed, and an increase in presinusoidal vascular resis-
tance due to these changes is regarded to be most important
in the pathogénesis of [PH [1]. At the moment, the spleen-
derived NO may not directly affect the microcirculation of
the liver because of its short half-life. Although there is a
possibility that such pathological changes in portal tracts of
the IPH liver are due secondarily to increased portal blood
flow and portal pressure, the causal relationship between
pathological lesions in the spleen and liver of IPH requires
further study.

In this study, only a few scattered mononuclear cells in
the red pulp showed positive signals for ET-1 in IPH spleens,
and no significant difference was observed concerning the
localization and the number of ET-1-positive cells between
IPH and control groups, suggesting that spleen-derived
ET-1 may not have significant local and/or systemic effects
on the hemodynamics of IPH patients. According to Ohara
et al. {16)], the peripheral venous ET-1 concentration is
significantly elevated in [PH patients compared with that in
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Fig. 3 Immunostaining of endothelial NOS (eNOS) for idiopathic
portal hypertension (IPH; A and B), liver cirrhosis (LC; C), and control
(D) spleens. Simtiarly to INOS immunostaining, strong and diffuse ex-
pression of eNOS is observed on sinus lining cells of IPH (A and B).
The staining intensity of sinus lining cells is rather weak in LC (C) and

normal controls, and the ET-1 concentration in the hepatic
vein is higher than that in the peripheral veinin IPH patients.
Kamath et al. [21] demonstrated that ET-1 was localized
to periportal hepatocytes and sinusoidal cells in IPH liver.
Therefore, ET-1 originating from the liver, not from the
spleen, may be partially responsible for the elevation
of plasma ET-1 level in patients with IPH, although the
expression of ET-1 in the systemic organs of IPH patients
has not yet been fully examined.

Nagasue et al. [15] reported that the spleen was one of the
major sites of ET-1 release in cirrhotic patients, and endothe-
lial cells of the splenic sinus and possibly B lymphocytes in
the germinal center and marzinal zone of lymphoid sheaths
and follicles seemed to be the sites of ET-1 production in
the spleen. In this study, however, we found ET-1-positive

signals in mononuclear leukocytes in the red pulp of LC.

spleens, and no signals for ET-1 were detected in sinus lin-
ing cells and lymphocytes in the white pulp. The réason for

2 Springer

faint or negligible in controls (D). B is a high-power view of the square
outlined in A. The inset in C is a high-power view of the red pulp of
LC. WP, white pulp. (Original magnifications: A, C. and D, x200: B
and C [inset], x1000.)

this contradiction is not clear at present. Although the num-
ber of ET-1-positive cells was significantly increased in the
LC group compared with the IPH and control groups, the
number of ET-1-positive cells was relatively low evenin LC
patients. Qur results indicate that iNOS and eNOS, rather
than ET-1, may contribute to the circulatery disturbances
in LC patients, especially to the hyperdynamic circulation
(22]. :

In summary, our data suggest that sinus lining cells of
the spleens from IPH patients overexpress iNOS and eNOS,
and spleen-derived NO may affect on the spleen, particu-
larly its sinus lining cells, followed by sinus dilatation. This
may in turn lead to massive splenomegaly and increased
portal blood inflow to the liver, contributing to'the sustained
portal hypertension in IPH. Although an increase in intrahep-

“atic, presinusoidal resistance to portal blood flow is regarded

as the most important factor in the pathogenesis of TPH, a
spleen-derived vasoactive substance may also be responsible
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Fig. 4 Immunostaining of endothelin-1 (ET-1) for idiopathic portal
hypertension (IPH; A and B), liver cirrhosis (LC; C) and control (D)
spleens. C and D represent the red pulp area. ET-1-positive signals are
seen scattered in mononuclear leukocytes in the red pulp. The number
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Fig. 5 Semiquantitative assessment of immunohistochemical results.
The staining intensity and extent of inducible nitric oxide synthese
(iNOS; A) and endothelial NOS (eNOS; B) in splenic sinuses and the
number of endothelin-1 (ET-1)-positive cells (C) are shown. A sig-
- nificant difference is observed among the idiopathic ponal hyertension

of ET-1-positive cells tends to be increased in LC spleens. B is a high-
power view of the square outlined in A. Arrows indicate ET-1-positive
mononuclear leukocytes. WP, white pulp. (Original magnifications: A,
x200; B, x1000; C and D, x400.)
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(IPH), liver cirrhosis (LC), and control groups for both iNOS and eNOS
expression by Sperman rank correlation test, and epression in IPH is in-
tense and extensive. The number of ET-1-positive cells is significantly
increased in LC spleens compared with IPH and control spleens by
Student’s ¢ test. Data represent mean * SD (C). *P < 0.05
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for IPH, and therefore, the splenomegaly of IPH seems not
to be simply passive congestion.
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Abstract

We retrospectively evaluate the MR imaging findings of
hepatocellular carcinomas (HCC) with biliary tumor
thrombi. MR imaging was performed on six patients
presenting with obstructive jaundice andjor biliary
hemorrhage. T1-weighted images, T2-weighted images,
MR cholangiopancreatography (MRCP), and dynamic
MR images were obtained. Duodenal endoscopy was,
performed on all cases and hepatic resection on two
cases. HCCs were 1.8-10 cm in diameter (mean 5.8 cm).
Biliary tumor thrombi were detected in all patients on
MR imaging. Tumor thrombi showed hypointensity on
Tl-weighted images, hyperintensity on T2-weighted
images, and contrast enhancement on the early phase of
dynamic MR images. MRCP showed intrahepatic bile
duct dilatation in ail cases. Biliary hemorrhage was
clearly depicted by MR images in five cases and showed
hyperintensity on T1-weighted images and hyperintensity
or hypointensity on T2-weighted images. Biliary hem-
orrhage was confirmed by endoscopy in two cases. Portal
vein thrombi were also associated in five of six patients.
Pathologically, tumor thrombi of HCCs were demon-
strated in two patients who underwent hepatic resection.
In conclusion, MR imaging is useful for the diagnosis of
biliary tumor thrombi from HCC and for evaluating the
extension of thrombi and biliary hemorrhage.

Key words: Hepatocellular carcinoma—Tumor
- thrombus—Liver—Bile duct—MR imaging

Jaundice is found in 19-40% of patients with hepato-
cellular carcinoma (HCC) {i]. The main causes of this

Correspondence to: Toshifumi Gabata; email: gabata@med.m.kanaza-
wa-u.ac.jp

complication are underlying cirrhosis, or extensive tu-
mor invasion. Tumor thrombus in the intrahepatic bile
duct by HCC is a rare cause of obstructive jaundice
with incidence of 2-9% [2-4]. Several repots concerning
HCCs with biliary tumor thrombi have been described.
Cholangiographic findings during percutaneous tran-
shepatic biliary drainage and CT findings were previ-
ously described [5, 6]. However, MR imaging features
of biliary tumor thrombus of HCCs were reported only
in one series [7]. Here we describe the MR and MR
cholangiographic findings of HCCs with biliary tumor
thrombi.

Materials and methods

The study group included four men and two women, 58—
73 years of age (mean 64 years). Initial symptoms at
admission included obstructive jaundice in all patients
and melena due to biliary hemorrhage in three patients
which was demonstrated by gastroendoscopy.

MR examinations

MR imaging was performed with a superconducting
1.5-T MR imager (Signa Horizon; GE Medical Sys-
tems, Milwaukee, WI, USA). Spin-echo (SE) TI-
weighted images [TR 500 ms, TE 9 ms (500/9), two
acquisitions, 256 x 192 matrix], and respiratory-trig-
gered fast SE (FSE) T2-weighted images with the fre-
quency selective fat-suppression technique- [TR 3333-
6666/80-90 (effective TR/effective TE), echo-train
length of 8-12, 256 x 224 matrix, three acquisitions]
were obtained. The slice thickness was 6 mm with a
2 mm intersection gap for T1- and T2-wighted images.
Axial or oblique coronal dynamic MR imaging
(SPGR, 160/1.6/90°, 256 x 128 matrix, one acquisition,
fat suppression) with breath holding was performed.
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Dynamic MR imaging with SPGR sequence was ac-
quired before and after intravenous administration of
gadopentetate dimeglumine (Magnevist, Schering, Ber-
lin, Germany). The slice thickness was 4—-6 mm with
2mm gap. MR cholangiopancreatography (MRCP)
was also performed using a single shot first spin echo
(SSFSE) sequence with a phased array coil. Both
coronal thick slice MRCP (5 cm thick) using long TE
(900 ms) and multislice MRCP images using medium
TE (90 ms) in multiple oblique planes (4 mm thick,
gapless) were obtained.

Fig. 1. 57-year-old man with HCC
who presented jaundice and melena.
A MR cholangiopancreatography
(MRCP) shows filling defect of left
hepatic duct and common hepatic duct
(arrow) and intrahepatic bile duct
dilatation of the left lateral segment of
the liver. B Coronal T2-weighted
image (singte shot first spin echo)
shows slightly hyperintense intrabiliary
tumor thrombus in the left hepatic duct
(arrow). € On axial T2-weighted
image, the tumor thrombus shows
hyperintensity (arrow). D, E On axial
T1-weighted image (gradient echo),
the tumor thrombus shows:
hypointensity (arrow), and dilated
common hepatic duct shows
hyperintensity indicating biliary
hemorrhage (arrowhead). F Low
power micrograph shows tumor
thrombus (arrow) with hemorrhage
(arrowhead) within the bile duct

(H, E, x'2.5).

Results

Three HCCs were seen in the right lobe and the others
were in the left lobe of the liver with 1.8—-10 cm diameter
(mean 5.8 cm). Biliary dilatation was visible in both
lobes (n = 3), left lobe (n = 2), left lateral segment
(n = 1), and posterior segment of the right lobe (n = 1).
Biliary tumor. thrombi were detected in all patients on
MR imaging (Figs. |, 2, 3). Tumor thrombi showed
hypointensity on T1-weighted images, hyperintensity on
T2-weighted images, and contrast enhancement in the
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early phase of dynamic MR images. MRCP showed
intrahepatic bile duct dilatation in all cases. Tumor
thrombus was depicted as a filling defect on MRCP,
whereas coronal SSFSE T2-weighted images showed
biliary dilatation and the tumor thrombus itself. Biliary
hemorrhage was clearly depicted by MR images in five
cases which showed hyperintensity on TI-weighted
images and hyperintensity or hypointensity on T2-
weighted images. Biliary hemorrhage was confirmed by
endoscopy in two cases. Portal vein thrombi were also
associated in five of six patients. Pathologically, tumor
thrombi of HCC were demonstrated in two patients who
underwent hepatic resection.

Discussion

Although invasion of the portal vein or hepatic vein is
commonly seen in HCC, invasion of the intrahepatic bile
duct is quite rare. Kojiro et al. [2] described 24 cases (9%)
of HCC with bile duct tumor thrombus in 259 cases (238
autopsy, 21 surgical). [keda et al. [3] reported 13 (5.1%) of
257 patients with HCC with intrabiliary tumor growth,

Gabata et al.: MR imaging of hepatocellular carcinomas

Fig. 2. 52-year-old man with HCC
who presented jaundice. A MRCP
shows filling defect of the left hepatic
and common hepatic duct (arrowhead)
and intrahepatic bile duct dilatation.
B Coronal T2-weighted MR image
(single shot first spin echo) shows
hyperintense tumor thrombus
(arrowhead). C On axial T1-weighted
MR image (gradient echo), tumor
thrombus shows hypointensity
(arrow). The dilated left intrahepatic
bile duct shows hyperintensity
indicating biliary hemorrhage
(arrowhead). D Arterial dominant
phase of dynamic MR image (gradient
echo) shows marked enhancement of
the tumor thrombus with segmental
enhancement of the lateral segment of
the liver due-to invasion of the left
portal vein by HCC (not shown).

intrahepatic metastases, and portal vein invasion. Pa-
tients with biliary tumor thrombi with HCC with in-
trabiliary tumor growth, intrahepatic metastases, and
portal vein invasion. Patients-with biliary tumor thrombi
with HCC show obstructive jaundice or melena due to
biliary hemorrhage. Despite recent advances in diagnos-
tic modalities of HCC, patients with biliary tumor
thrombus of HCC are frequently misdiagnosed with bil-
iary choledocholithiasis or bile duct carcinoma. Patients
with bile duct tumor thrombus frequently have hemobilia
from bleeding of the advanced portion of HCC. If the
main extrahepatic bile duct is occluded, obstructive
jaundice is clinically evident. The causes of obstruction of
the bile duct include direct blockage of the common he-
patic duct of the tumor itself, blood clot from the tumor,
and tumor fragment [3]. Fresh hemorrhage within the
intrahepatic and extrahepatic bile duct may mimic cho-
ledocholithiasis and obscure the tumor itself on precon-
trast CT. So, dynamic contrast enhanced CT is necessary
to detect HCC and differentiate it from tumor within the
bile duct and hemorrhage. Because subacute hemorrhage
does not show hyperdensity but isodensity or hypoden-
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sity on precontrast CT without contrast enhancement, we
cannot differentiate between subacute hemorrhage and
necrotic tumor. MR imaging is useful for detection of
tumor thrombus of the bile duct. In our cases, tumor

thrombi of bile duct showed hypointensity on T1-

weighted images and hyperintensity on T2-weighted
images and contrast enhancement in the early phase of
dynamic MR images. MR imaging also clearly differen-
tiated tumor thrombus from intrabiliary hemorrhage

Fig. 3. 66-year-old woman with HCC
who presented jaundice and melena.
A MRCP shows dilated intrahepatic
bile duct of the right lobe of the liver
(arrow). The dilated extrahepatic bile
duct shows hypointensity due to
subacute hemorrhage. The tip of the
drainage balloon catheter is visible
within the common bile duct. B, C T1-
weighted MR images show
hypointense tumor thrombus of the
right hepatic duct (B, arrow). The
dilated right anterior superior bile duct
(B, arrowhead) and common bile duct
(C, arrowhead) show hyperintensity
due to hemorrhage. D, E On T2-
weighted MR images, tumor thrombus
and dilated intrahepatic duct show
hyperintensity, while dilated common
bile duct shows hypointensity due to
subacute hemorrhage. (E,
arrowhead), F Duodenal endoscopy
shows active bleeding from the dilated
papilla of Vater (arrowhead).

which shows hyperintensity on T1-weighted images, hy-
perintensity or hypointensity on T2-weighted images
without contrast enhancement on dynamic MR images.
MRCP can depict intrahepatic bile duct dilatation and
the extent of biliary obstruction; however, tumor thrombi
and hemorrhage cannot be discriminated. Multislice
MRCP images using medium TE (90 ms) are useful in the
discrimination of tumor thrombus and intrabiliary hem-
orrhage based on their signal intensity difference.
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In conclusion, MR imaging is useful for the diag-

nosis of biliary tumor thrombi from HCCs and for
evaluating the extension of thrombi and biliary hem-
orrhage. :
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