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A comparative histological and morphometric study of vascular changes in idiopathic portal

hypertension and alcoholic fibrosis/cirrhosis

Aim: To examine the pathological changes of hepatic
arteries in idiopathic portal hypertension (IPH) which
is characterized by the obliteration of the intrahepatic
portal vein branches and presinusoidal portal hyper-
tension.

Methods and results: Liver specimens (biopsied or sur-
gically resected) from 20 patients with [PH, 20 patients
with alcoholic fibrosis/cirrhosis {AF/C) and 20 histo-
logically normal livers were used. The vascular lumina
of arterial and venous vessels in portal tracts were
morphometrically evaluated by an image analysis
system. The ratio of portal venous luminal area to
portal tract area (portal venous index) of IPH and that
of AF/C were significantly reduced compared with
normal liver. The portal venous index for IPH was
significantly lower than that for AF/C. The ratio of

hepatic arterial luminal area to portal tract area for
AF/C was significantly higher than that in normal
liver; however, that for IPH was similar to normal. The
peribiliary vascular plexus was increased in AF/C but
not in IPH. In AF/C, the number of mast cells and
macrophages known to be the source of angiogenic
substances was significantly increased in the portal
tract compared with normal liver, while in IPH it was
not increased.

Conclusions: In AF/C, a reduction in portal venous
lumen was associated with an increase of hepatic
arterial lumen and of angiogenesis-related cells in
portal tracts. However, such compensatory arterial
changes were not evident in IPH, and this compensa-
tory failure may be a feature of IPH.

Keywords: portal hypertension, idiopathic portal hypertension, hepatic microcirculation, peribiliary vascular

plexus, portal venous obliteration, angiogenic failure

Abbreviations: a-SMA, alpha-smooth muscle actin; A-P shunts, arterio-portal venous shunts; AF/C, alcoholic
fibrosis/cirrhosis; DAB, 3,3’-diaminobenzidine; EVG, elastic van Gieson; IPH, idiopathic portal hypertension;
MMP, matrix metalloproteinase; PVP, peribiliary vascular plexus

Introduction ‘

A decrease of the portal venous inflow into the
liver is always and immediately associated with a
compensatory increase of hepatic artertal flow in man
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and experimental animals."™ This increase is recog-
nizable by imaging and haemodynamic studies.!™* This
compensation may be associated with arterio-portal
(A-P} shunts and/or an increase or dilatation of
hepatic arterial branches. A-P shunts mainly involve
the pre-existing peribiliary vascular plexus.>®
Idiopathic portal hypertension (IPH) is characterized
by presinusoidal portal hypertension due to intrahepatic,
presinusoidal portal venous block.” Histologically,
portal fibrosis, phlebosclerosis and the obliteration of
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small portal vein branches in portal tracts and abnor-
mal blood vessels in the hepatic lobules are features of
IPH.*'? Terada etal.'’ reported that inlet portal
venules in addition to conducting veins were decreased
in IPH. However, there has been no detailed histological
examination of hepatic arteries in IPH.

In this study, we histometrically measured the
respective areas of hepatic arterial lumina and of portal
venous lumina within peripheral portal tracts in IPH,
alcoholic fibrosis/cirrhosis (AF/C) and normal control
livers. In addition, the distribution and density of
activated macrophages and mast cells in the portal
areas were examined, because these cells are known to
produce angiogenic substances such as basic fibroblast
growth factor (bFGF). vascular endothelial growth
factor (VEGF), matrix metalloproteinase (MMP) and
nitric oxides.}*™ 1>

Materials and methods
LIVER TISSUE PREPARATION

The liver specimens from 20 cases of IPH (five needle
and 15 wedge liver biopsies) were obtained from the file
of hepatobiliary diseases in our laboratory and affiliated
hospitals. In all cases, other causes of portal hyper-
tension such as cirrhosis, extrahepatic portal venous
obliteration and congenital hepatic fibrosis were exclu-
ded.® As controls, we used 20 cases of normal liver and
20 cases of AF/C (wedge biopsy or surgically resected
liver specimens) with a comparable age and sex
distribution to the IPH cases.

These liver tissues were fixed in 10% neutral buffered
formalin and embedded in paraffin. More than 20 serial
sections, 4 pm in thickness, were cut from each
paraffin block, some of which were processed for
H&E. elastic van Gieson (EVG), Mallory’s azan,
Gomori's reticulin and orcein staining. The remaining
sections were used for immunochistochemistry.

ANATOMICAL CLASSIFICATION OF THE
INTRAHEPATIC BILE DUCT AND PORTAL VEIN

The peripheral areas of the liver are known to be most
affected in IPH.®? In this study, the small and medium-
sized portal tracts in the subcapsular areas were mainly
examined. In these portal tracts, the interlobular and
septal bile ducts are identifiable, the external calibre of
the former being <80 pm and that of the latter
>80 um. The septal bile ducts have their own fibrous
wall, while the interlobular bile ducts do not.'>'® The
small portal veins are defined as those running parallel
to the interlobular bile ducts and the medium-sized

veins as portal veins lying parallel to the septal bile
ducts.

MORPHOMETRIC ANALYSIS OF PATHOLOGICAL
BLOOD VESSELS IN THE PORTAL TRACTS

To categorize histologically portal veins and hepatic
arteries, serial sections were immunostained using
anti-CD31 monoclonal antibody ({clone JC/70 A;
Dako, Glostrup, Denmark) and anti-alpha-smooth
muscle actin {a-SMA) monoclonal antibody (clone
1A4; Dako). With the help of H&E and EVG-stained
sections, CD31+ blood vessels with strong o-SMA
expression in the wall were categorized as hepatic
arteries and those with weak o-SMA expression in
the wall as portal veins. Lymph vessels in portal
tracts and ‘abnormal vessels’ in the hepatic lobules
with thin walls’®> and without CD31 and «-SMA
expression were excluded from the morphometric
analysis.

At X200 magnification, a microscopic image was
captured from three selected portal tracts in each of 13
normal livers, 13 cases of AF/C, and 13 cases of IPH,
by a digital camera (Olympus, DP-50; Tokyo, Japan)
and exported to the image analyser (NIH image)
(Figure 1). In all these cases, at least three complete
portal tracts were identifiable. The summed luminal
area of portal vein(s) (PV) and that of hepatic arteri(es)
(HA) in each portal tract and the area of the portal
tract (PT) were outlined and calculated, respectively.
Then, the portal venous index (PV/PT) and the
hepatic arterial index (HA/PT) were calculated in
each portal tract and the mean and SD of these indices
were calculated in the three individual groups, respect-
ively. The former reflects the relative volume of portal
vein in the portal tract and the latter that of hepatic
artery.

EVALUATION OF PERIBILIARY VASCULAR
PLEXUS (PVP)

Our previous study showed that the PVP is well
developed around the septal bile ducts.® In this study,
the PVPs near the septal bile ducts, which were
frequently available in the wedge liver biopsies, were
evaluated as follows. At least one septal bile duct with a
fibrous wall was seen in 15 cases of IPH, 15 cases of
AF/C, and 15 cases of normal liver. First, the total
number of microvessels of PVPs near the septal bile
duct was counted in each specimen. In normal liver,
the mean number of these microvessels around the
septal bile duct and its SD was 15.0 £ 3.8. So, the
number in IPH and AF/C ranging from 11.2 to 18.8

@ 2003 Blackwell Publishing Ltd, Histopathology. 43, 55-61.
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Figure 1. The luminal area of

§\\
hepatic arteries and portal veins ’ -

as well as the area of the portal .
tract are shown schematically *
and analysed by digital camera

and image analyser (see text). e ——

was regarded as ‘normal’, and a number <11.2 as ‘less
than normal’ and >18.8 as ‘more than normal’.

DETECTION OF MAST CELLS AND MACROPHAGES
IN THE PORTAL TRACTS !

Activated macrophages and mast cells were surveyed
immunohistochemically in the portal tracts of 20
cases of IPH, AF/C and normal livers, respectively.
CD68 (clone KP-1; Dako) was used for the detection
of macrophages, and tryptase (clone AAl; Dako) for
the detection of mast cells, Mast cells and CD68+
cells were counted in all complete portal tracts of
each specimen and the average number per portal
tract was calculated (mast cell index and macrophage
index},

IMMUNOHISTOCHEMISTRY

After deparaffinization and following standard micro-
wave treatment'” the sections were incubated in the
serum-free protein block reagent (Dako, Carpinteria,
CA, USA) for 30 min. They were then incubated with
mouse moneclonal antibody against CD31,) mouse
monoclonal antibody against a-SMA, mouse mono-
clonal antibody against human tryptase and mouse
monoclonal antibody against human CD68 at a
pertinent dilution overnight at 4°C. After‘ a PBS
wash, Envision-PO {(Dako) was applied at room
temperature for 1 h. After another wash|and a
benzidine reaction. the sections were lightly counter-

© 2003 Blackwell Publishing Ltd. Histopathelogy. 43. 55-61.
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stained with haematoxylin. Replacement of each
primary aniibody with PBS resulted in negative
staining.

STATISTICAL ANALYSIS

Intergroup comparisons were made by the Fischer's
exact test and the Kraskal-Wallis test, and the differ-
ence was considered significant when P-values
were < 0.05.

Results

HISTOPATHOLOGY AND MORPHOMETRIC ANALYSIS
OF PORTAL VEINS AND HEPATIC ARTERIES

In IPH, small portal veins constantly showed luminal
narrowing and/or obliteration. In addition, medium-
sized portal veins frequently showed intimal and medial
thickening {phlebosclerosis) and occasionally recanal-
ization, though such findings were rare in AF/C. In
IPH, hepatic arteries numbered one to several per
portal tract, they showed intimal thickening to various
degrees and their lumina were narrowed, while the
numbers of hepatic arteries in portal tracts and fibrous
septa were increased in AF/C. In EVG staining,
irregularity of the elastic laminae of arteries was
observed here and there in IPH, but such findings
were not constant in AF/C.

The portal venous index for IPH (1.6 £ 0.2) was
significantly lower than that for AF/C (9.1 £ 1.8) and
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Figure 2. a, The portal venous index (mean % SD) for idiopathic
portal hypertension ([PH) (12 cases, 1.6 * 0.2), alcoholic fibro-
sis/ cirrhosis (AF/1) (12 cases, 9.1 + 1.8) and normal livers (NOR}
(12 cases, 32.0 + 1.7). *P < 0.05 compared with the value for
NOR: **P < (0,05 compared with the value for AF/C and that for
NOR. respectively. b, The hepatic arterial indices of IPH (12 cases,
2.8 £ 0.4), AF/L (12 cases, 5.1 £ 0.4) and normal livers (NOR)
{12 cases, 2.3 £ 0.2) are shown. *P < 0.05 compared with the
value for IPH and NOR, respectively.

normal liver (32.0 * 1.7) (Figure 2a). The hepatic
arterial index in IPH (2.8 £ 0.4) was almost equal to
that of normal liver (2.3 £ 0.2), while the index for
AE/C (5.1 £ 0.4) was significantly higher than that
for IPH and normal liver (Figure 2b).

THE NUMBER OF MICROVESSELS OF PVP AROUND
SEPTAL BILE DUCTS

The number of microvessels of PVP was significantly
higher in AF/C (23.5 = 9.1) than in IPH (12.0 £ 6.1)
and normal liver (15.0 £ 3.8) (Figure 3). In addition,
9/15 (60%) cases of IPH belonged to the ‘less than
normal’ group, while only 2/15 (13.3%) cases of IPH
belonged to the ‘more than normal” group. in AF/C,
/15 (60%) cases belonged to the ‘more than normal’
group, while only 1/15 (6.7%) belonged to the ‘less
than normal’ group.

357
30+
2571
20t

101

IPH AFICT NOR

Figure 3. The number of microvessels of peribiliary vascular plexus
(PVP) around the septal bile duct {mean * 8D, 15 ducts) in idicpathic
portal hypertension (IPH) (12.0 £ 6.1), alccholic fibrosis/ cirrhosis
(AF/C) (23.5 £ 9.1) and normal liver (NOR) {(15.0 £ 3.8).

*P < 0,05 compared with the value for IPH and NOR, respectively.

DISTRIBUTION OF MAST CELLS AND MACROPHAGES
IN PORTAL TRACTS

In normal and TPH livers, a few mast cells were located
near small wvessels and occasionally bile ducts
(Figure 4a). However, in AF/C a variable number of
mast cells was observed in enlarged portal tracts
(Figure 4b). The mast cell index for IPH (5.5 £ 1.7)
was almost equal to that in normal! livers (5.5 + 1.2),
whilst for AF/C (19.4 * 3.8) it was significantly
higher than in IPH and normal liver (Figure 4c).

In normal liver and IPH, there were CD68+
mononuclear cells in the sinuscids (Kupffer cells)
and few in portal tracts (activated macrophages)
{Figure 5a). In AF/C, many CD68-positive cells were
observed in the sinusoids and enlarged portal tracts
(Figure 5b). The macrophage index in the portal tract
of IPH (3.7 * 0.6) was almost equal to that of ncrmal
liver (4.0 £ 0.9), whilst for AF/C (11.9 £ 1.9) it was
significantly higher than in IPH and in normal liver
(Figure 5c¢).

Discussion

In chronic liver disease with portal hypertension,
haemodynamic studies have shown that the blood
flow in hepatic arteries and other splanchnic arteries is
increased.*®'? In IPH, splanchnic arterial flow, partic-
ularly splenic arterial flow, is markedly increased,
though the hepatic arterial flow or luminal size is only
slightly increased or actually decreased.”® While
portal venous inflow to the liver increases slightly
in IPH, there is extensive obliteration of the small
portal branches responsible for sustained presinu-
soidal hypertension.®!

© 2003 Blackwell Publishing Ltd, Histopathology, 43, 55-61.
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In the present study, we focused on the portal tracts,
particularly in the subcapsular peripheral regions of
the liver, which are those both selectively affected in
IPH and generally sampled by biopsy needles. First, we
measured the luminal area of portal veins| (portal
venous index) and of hepatic arteries (hepatic larterial
index) relative to the area of the portal tract' on the
assumption that the luminal area of these blood vessels
reflects their blood flow volume.?? In AF/C, the portal
venous index was reduced, probably due to portal
fibrosis, whereas the hepatic arterial index was
increased. The increased arterial blood flow may
compensate for the reduction of portal blood iﬂow to
keep the total hepatic blood inflow constant. In
contrast, in IPH, in spite of a marked reduction of the
portal venous index, the hepatic arterial index was not
increased. This finding and hepatic arterio‘graphic
studies®! suggest that an arterial perfusion comparable
to that in normal liver was retained in IPH in spite of a
marked reduction in portal venous flow. Haemo-
dynamic studies have shown that A-P shuhts are
negligible in IPH.'*° The present study has' shown
that PVP, a route for A-P shunts in the liver,5® is
increased in AF/C but not in IPH, supporting the

© 2003 Blackwel] Publishing Ltd, Histopathology, 43, 55-61.
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Figure 4, a, Tryptase-positive mast cells (arrows) are scattered in the
portal tract in idiopathic portal hypertension {IPH). *Bile ducts.
(Envision-PO method with DAB. Counterstained with haematoxylin.)
b, Tryptase-positive mast cells (arrows) are scattered in the portal tract
in alcoholic fibrosis/ cirrhosis {AF /C). *Bile ducts. (Envision-PO method
with DAB. Counterstained with haematoxylin.) ¢, Mast cell index {the
number of mast cells per portal tract) for IPH (20 cases, [PH)

{mean * SD, 5.5 £ 1.7), AF/C (20 cases, 19.4 + 3.8) and normal liver
(NOR) (20 cases. 5.5 + 1.2). *P < (.05 compared with the value for IPH
annd NOR, respectively.

above-mentioned haemodynamic studies. Thus, IPH
can be regarded as a disease with a compensatory
failure of hepatic arteries in spite of marked reduction
of portal venous inflow in the liver. In this context, [PH
livers, particularly in the subcapsular peripheral areas,
are prone to be in an ischaemic state due to both portal
venous as well as hepatic arterial disturbance, leading
to atrophy or even loss of the peripheral hepatic
parenchyma.’

There are several possible explanations for the
compensation failure of hepatic arterial inflow in IPH.
One is that in IPH, portal sclerosis with dense elastic
fibre deposition may prevent mechanical dilatation of
pre-existing arteries or arterioles in the portal tract
and around the bile duct.”*° Another possibility is that
angiogenesis caused by angiogenic factors does not
develop properly in IPH. Mast cells and activated
macrophages, which are known to secrete angiogenic
substances such as bFGF and VEGF, are strong regu-
lators of angiogenesis in the liver.>'*'#2% In normal
liver, few mast cells and macrophages were seen in the
portal tract. In AF/C, the numbers of mast cells and
macrophages were significantly increased. However, in
IPH the numbers of both types of cell were equal to
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those in normal liver, suggesting that recruitment of
mast cells and macrophages in the portal area did not
occur. Adhesion molecules and chemokines, which are
expressed in endothelial cells and biliary epithelial cells
as well as various mononuclear cells,”* % may not
be turned on for the migration of macrophages and
mast cells.

In conclusion, increased and dilated hepatic arterial
branches were not seen in portal tracts of IPH with a
marked reduction of portal vein lumen. Not only the
portal venous obliteration but also hepatic arterial
disturbance may cause a sustained ischaemic state in
the liver in IPH. The absence of an increase in
inflammatory cells expressing angiogenic substances
in addition to dense portal elastofibrosis may explain
the poor arteriogenesis in IPH,
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Figure 5. a, CD68+ Kupffer cells (arrows) are seen in the sinuseids,
while CD68+ macrophages are rare in the portal tracts in idiopathic
portal hypertension (IPH). *Bile duct. {Envision-PO method with DAB.
Counterstained with haematoxylin.} b, Many CD68+ cells (arrows)
were seen in the portal tract as well in the sinusoid in alcoholic
fibrosis/ cirrhosis (AF /C). *Bile duct. (Envision-PO method with DAB.
Counterstained with haematoxylin.) ¢, Macrophage index (the number
of CD68+ macrophages per portal tract) for IPH (20 cases, IPH)
(mean % SD, 3.7 £ 0.6), AF/C (20 cases, 11.9 £ 1.9) and normal
liver {NOR) (20 cases, 4.0 £ 0.9). *P < 0.05 compared with the value
for IPH and NCR, respectively.
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membranous obstruction of the inferior vena cara
TaxkaMura M, Icuipa T, Yokovama J, et al.

Recurrence of hepatocellular carcinoma 102 months after successful eradication and removal of

Budd-Chiari syndrome (BCS) refers to a disorder asso-
ciated with symptoms of portal hypertension due to
occlusion and/or stenosis of the hepatic veins or the
inferior vena cava at its hepatic portion. BCS is idio-
pathic in some cases but of known etiology in other
cases.

BCS has geographical characteristics. Thrombotic
occlusion of the hepatic veins is common in Europe and
the United States, and the causes are known in many
cases. In contrast, in Japan' and developing countries
such as South Africa, India,’ and Nepal,5 the majority
of BCS patients are idiopathic and show membranous
obstruction of the inferior vena cava (MOVC) at its
hepatic portion.* Hepatoceliular carcinoma (HCC) is
one of the major complications in BCS, and it is of
interest that patients with MOVC are more frequently
complicated by HCC.

Regarding frequency of BCS in the total number of
HCC patients, the results of studies of numerous pa-
tients in Japan and South Africa are as follows. Of the
total 2982 HCC patients surveyed by the Liver Cancer
Study Group of Japan between 1986 and 1987, 0.10%
developed HCC against the background of BCS. Kew
et al.* in South Africa reported that the frequency of
MOVC was 6 (3.6%) in 166 blacks with HCC. In the
total HCC patients, the frequency of HCC developing
against the background of BCS seems low.

The incidence of HCC associated with MOVC in
Japan varies according to different authors. In 1968,
Nakamura et al? reported a high incidence (41%) of
combined MOVC and HCC, whereas Okuda et al.! re-
ported a low HCC incidence 0f 10 (6.4% )} in 156 MOVC
patients during a 15-year follow-up. One (6.7%) of the
15 cases of MOVC we studied was complicated by
HCC3 '

Kew et al® surveyed the literature on MOVC in
South Africa, and found a high incidence of MOVC

Reprint requests to: M. Kage

complicated by HCC in 57 (43.5%) of 131 cases includ-
ing their own cases. Six (11%) of 54 MOVC patients in
India® and 7 (4.7%) of 150 MOVC patients in Nepal
were reported to be complicated by HCCS Thus,
although the incidence of HCC complicating MOVC
varies greatly according to country and author, many
articles emphasize the association between the two
conditions.

The reported characteristics of patients with BCS
associated with MOVC are that HCC develops at a
younger age and has a poorer prognosis compared with
that in HCC patients with no MOVC.

The mechanism of hepatocarcinogenesis in MOVC is
unknown. It has been postulated that prolonged conges-
tion due to MOVC causes hepatocellular necrosis and
regeneration over many years, thereby increasing the
sensitivity of liver cells to carcinogens. The frequency of
HCC associated with MOV C varies according to region
in South Africa, suggesting the involvement of environ-
mental carcinogens.! Also, the possible involvement of
viral hepatitis is debatable. No reports have emphasized
the involvement of hepatitis B virus (HBV) in the de-
velopment of HCC in MOVC., Simson’ reported that
the hepatitis B surface antigen {HBsAg)-positivity rate
in MOV C patients complicated by HCC in South Africa
was 22.2%, which was higher than that (8.7%) in the
control group; however, because the HBsAg-positivity
rate in the total HCC patients was 33.7%, Simson’
speculated that HBV was not significantly involved in
hepatocarcinogenesis. Similarly, in Japan, Okuda et al!
reported that the HBsAg-positivity rate was as low as 1
in 10 MOVC patients complicated by HCC.

Because few or no studies have investigated the in-
volvement of hepatitis C, an important subject of future
study will be the clarification of the HCV infection rate
in BCS patients complicated by HCC.

Against what background hepatic lesions does HCC
develop in BCS? No reports have described detailed
histopathological findings of hepatic lesions in the non-
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cancerous region. The background lesions appear to be
cirthosis in the majority of patients in Japan. Okuda
et al.! reported that, of the 10 BCS patients complicated
by HCC, 8 had cirrhosis, 1 congestive liver, and 1 liver
fibrosis. In the above-mentioned South African cases,?
congestive liver or congestive hepatic fibrosis, and not
cirrhosis, was described. It would be interesting to know
whether the noncancerous region has the histological
features of both congestive hepatic lesions and viral
hepatitis, or of either. Although this has not been fully
documented, there have been cases, including those re-
ported in this issue by Takamura et al® in which the
involvement of hepatitis viruses is unlikely in the pres-
ence of typical chronic congestive hepatic lesions in the
noncancerous region. From the histological point of
view, chronic hepatic congestion alone can be a risk
factor for HCC, It is also clear that HCC does not
necessarily develop on the basis of cirrhosis, but can
arise from a state of mild congestive hepatic fibrosis. It
should be borne in mind that even patients with BCS of
long disease duration and congestive hepatic fibrosis are
at risk for HCC. Therefore, it seems important to
recanalize the obstructed hepatic veins and inferior
vena cava promptly to relieve hepatic congestion, and
to follow patients as having a risk factor of not only
occurrence but also recurrence of HCC2

Masayoshi Kage, M.D. ‘
Department of Pathology, Kurume University School
of Medicine, 67 Asahi-machi, Kurume 830-0011, Japan
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