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RA Right atrium
SMAV fistula  Superior mesenteric arteriovenous fistula
. . . RA FALD
SMV Superior mesenteric vein
SV Splenic vein
TIPS Transjugular intrahepatic portosystemic shunt post-hepatic
IVC
11.1 Introduction

The liver has a dual blood supply: 60-70% from portal
vein and 30-40% from hepatic artery. Arterioportal mixed
blood in sinusoids streams to terminal hepatic veins from
the periportal zone, and the venous blood collected in three
hepatic veins is carried to inferior vena cava and right-sided
atrium. Vascular disorders of the liver can be classified into
three groups, the impairments of blood flow into (prehe-
patic), through (intrahepatic), or from (posthepatic) the liver
(Table 11.1, Fig. 11.1). Then disturbance of blood flow in car-
diovascular system (acute or chronic heart failure), hepatic
veins or arteries, portal veins, and sinusoids must affect liver
function, and these vascular lesions are closely associated

Table 11.1 Classification of vascular disorders of the liver

Posthepatic
1. Right hepatic failure
» Congestion heart failure
¢ Constructive pericarditis
e Intracardiac neoplasia
* Fontan procedure
2. Budd-Chiari syndrome
e Hepatic vein obstruction
* Inferior vena cava obstruction at its hepatic portion
(obliterative hepatocavopathy)
Intrahepatic

1. Presinusoidal
* Non-cirrhotic portal fibrosis (idiopathic portal hypertension)
e Hepatic arteriovenous fistula
* Hepatic arterioportal fistula
e Schistosomiasis
¢ Nodular hyperplasia
e Caroli’s disease (ductal plate abnormalities)
2. Sinusoidal
e Cirrhosis
* Peliosis hepatis
¢ Hereditary hemorrhagic telangiectasia (Osler-weber-Rendu
disease)
3. Postsinusoidal
* Sinusoidal obstruction syndrome (veno-occlusive disease)
Prehepatic

1. Portal vein
e Portal thrombosis
e Portal tumor thrombus
¢ Phlebitis
¢ Congenital portal atresia
e Portal vein aneurysm
2. Hepatic artery
¢ Polyarteritis nodosa
* Hepatic artery aneurysm
3. Portal vein and hepatic artery
¢ Hepatic infarction

post—
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Fig. 11.1 Schematic representative of the anatomic classification of
hepatic vascular disorders. Hepatic vascular disorders can be classified
into prehepatic, intrahepatic (presinusoidal, sinusoidal, postsinusoidal),
and posthepatic lesions. APF arterioportal fistula, BCS Budd-Chiari
syndrome, CV central vein, EHPVO extrahepatic portal venous obstruc-
tion, FALD Fontan-associated liver disease, HA hepatic artery, HHT
hereditary hemorrhagic telangiectasia, HV hepatic vein, INCPH idio-
pathic non-cirrhotic portal hypertension, /VC inferior vena cava, PV
portal vein, PVT portal vein thrombosis, RA right atrium, SMV superior
mesenteric vein, SV splenic vein

with development of acute and chronic liver diseases. This
chapter describes liver disorders caused by abnormal stream
or obstruction of hepatic artery, portal or hepatic veins, and
sinusoids.

11.2 Hepatic Veins

The hepatic venous flow begins in terminal hepatic veins;
drains into the intercalated veins, from there into the collect-
ing veins and truncal veins; and reaches the inferior vena
cava. Congestive cardiac failure (acute or chronic type), ste-
nosis or obstruction of inferior vena cava, hepatic vein
thrombosis, veno-occlusion, and endophlebitis obliterans
cause acute or chronic liver disease and cirrhosis.



11 Vascular Disorders in the Liver

131

11.3 Budd-Chiari Syndrome (BCS)

Budd-Chiari Syndrome [1-4] is a rare disease with an esti-
mated prevalence of 1/100,000 [5] and is a disorder caused
by obstruction of hepatic veins and inferior vena cava (IVC).
Primary BCS is due to endoluminal venous lesions such as
thrombus or web. Secondary BCS is due to a lesion outside
the venous system such as tumor, abscess, or cysts.
Obstruction of a single hepatic vein out of three hepatic veins
is clinically silent. The obstruction of 2-3 hepatic veins
induces hepatic dysfunction and becomes symptomatic.
According to the location of obstruction, BCS is classified
into three types: pure obstruction of hepatic veins, pure
obstruction of IVC, and combined obstruction of hepatic
veins and IVC. Clinical manifestations are characterized by
abdominal pain, edema, ascites, jaundice, hepatomegaly,
hepatic encephalopathy, variceal bleeding, and/or formation
of collateral circulation pathways in abdominal and chest
walls. However, they vary according to whether the disorder
is acute, subacute, or chronic [6].

On etiology, the primary BCS is associated with hyperco-
agulable states leading to vascular thrombosis and develops
from hereditary conditions such as Factor V Leiden, protein
C, S, or antithrombin deficiency [7]. Pregnancy and estrogen
intake can promote or trigger BCS especially in the presence
of an underlying risk factor of thrombosis. The secondary
BCS is associated with invasion or extrinsic compression of
the hepatic veins and/or IVC. Causes of vascular compres-
sion are a pyogenic infectious process, amoebas, hydatid dis-
ease or echinococcosis, and benign and/or malignant tumors.
Idiopathic membranous obstruction of IVC (MOVC) is fre-
quently seen in South Africa [8], India [9], Nepal [10], and
Japan [11].

The clinical diagnosis of BCS can be accurately assessed
with imaging modalities. Color Doppler ultrasonography
(CDUS) [12] is a noninvasive technique and has high sen-
sitivity and specificity. Typical findings are absence of flow
or flat wave form without fluttering as against a triphasic
pattern observed in patent hepatic vein. Small and tortuous
intrahepatic or subcapsular collaterals are seen in about 80%
patients. Abdominal computed tomography (CT) and mag-
netic resonance imaging (MRI) are also used as diagnostic
tools. Triple-phase CT [13] shows the absence of hepatic
vein opacity and a mottled appearance along with late
enhancement of the hepatic periphery. MRI [13] is helpful
for visualizing the entire length of IVC or intrahepatic collat-
erals and for differentiating acute from subacute or chronic
BCS. In acute form, post-contrast MR show decreased
T1 signal intensity and heterogeneously increased T2 sig-
nal intensity in the hepatic periphery. In the chronic form,
T1 and T2 signal intensity are decreased on unenhanced
MR imaging due to hepatic fibrosis. Noninvasive imaging
modalities are sufficient for the diagnosis of BCS at most
cases. However, if inadequate, venography and liver biopsy

should be performed. Venograohy [13] is a useful modality
for assessing extension and location of obstruction and mea-
suring hepatic venous pressure.

Liver biopsy is not required to confirm BCS and insuffi-
cient to assess the severity of BCS due to sampling errors but
is useful for the differential diagnosis of veno-occlusive dis-
ease. As histologic findings in BCS have previously been
described [14-16], zone 3 sinusoidal congestion and dilata-
tion may be the only findings in the early stage. Centrilobular
fibrosis and nodular regenerative hyperplasia may develop
over time in chronic stage and may lead to cirrhosis.

Laparoscopy is a useful tool in the diagnosis of BCS, but
only a few reports have described macroscopic findings in
the liver [17]. We describe the laparoscopic appearance of
the liver in BCS with MOVC to clarify the macroscopic fea-
tures associated with liver histology.

Treatment depends on the causes, anatomic location,
extent of thrombotic process, and functional capacity of the
liver. The primary goal of the treatment is relieving hepatic
venous outflow obstruction and improving liver perfusion,
leading to preserve functioning hepatocytes. It is divided into
medical treatment, including anticoagulation and thromboly-
sis, interventional procedures such as angioplasty and tran-
sjugular intrahepatic portosystemic shunt (TIPS), and
surgical interventions including orthotopic or living donor
liver transplantation. BCS should manage stepwisely [18,
19]. The first-line treatment is medical therapy which uses
heparin or vitamin K antagonist. The second step is percuta-
neous transluminal angioplasty for patients with short-length
stenosis of either the hepatic veins or IVC. TIPS is the third
step in patients not responding to medical therapy and with-
out response to or stenosis unsuitable for angioplasty/stent-
ing. A transcaval approach has been found to be successful in
most patients using covered stents [20]. The last step is liver
transplantation. The remaining 10-20% of patients with
BCS treated with a stepwise management strategy need res-
cue transplantation. A large series of transplanted patients
have shown 5-year survival rates of up to 80% [21].

We present four cases of acute (case 11.1), subacute (case
11.2), and chronic BCS (cases 11.3 and 11.4) including the
clinical manifestations, image analyses, and liver histology
results with or without macroscopic findings to derive an
accurate diagnosis. The clinical signs and symptoms may be
caused either by a large, sudden blockage of hepatic veins
or by portal hypertension due to differentiate chronic BCS
from liver cirrhosis. Therefore, cirrhotic patients with nega-
tive hepatitis B and C tests should be examined by US, CT,
and MRI to detect obstruction of IVC or thrombus in hepatic
veins. In subacute phase, sinusoids become collagenized,
and hepatocytes become atrophic and are lost. In chronic
BCS, small hepatic veins disappear as they are incorporated
into septa that eventually link hepatic veins to form cirrhosis
with relative sparing of portal triads, also known as reversed
lobulation cirrhosis or venocentric cirrhosis.
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Fig. 11.2 Ultrasonographic findings in acute BCS without MOVC. (a) Thrombus (arrow) is seen in IVC. (b) No thrombus is detected in subdia-

phragmatic area of IVC

Fig. 11.3 CT in acute BCS without MOVC. High-density thrombus
material is seen in IVC

Acute BCS is associated with various conditions, including
malignancy, myeloproliferative disorders, infection, preg-
nancy, oral contraceptives, Bechet’s disease, and hypercoagu-
lable state. The patient described in case 11.1 had leukocytosis,
high transaminase levels, and prolonged prothrombin time; he
rapidly developed hepatic failure. High serum aminotransfer-
ase levels are considered ominous in acute BCS. Hypercoagulable
state after operation might cause the thrombosis of IVC or
hepatic veins and pulmonary artery, leading to respiratory and
hepatic failure. Autopsy of the liver in case 11.1 showed mas-
sive hemorrhagic necrosis in zones 2 and 3.

Case 11.1
A 44-year-old male had surgery for a herniated cervical disc
and was on complete bed rest for 1 week. He experienced

Fig. 11.4 Histological appearance of autopsied liver in acute BCS.
Massive hemorrhagic necrosis is seen in zones 2 and 3, but hepatocytes
in zone | remain intact. No fibrotic change is seen in portal tract (P). C
central vein

vertigo upon standing and was in shock. He had no history of
autoimmune, myeloproliferative, or infectious disease and
had not taken any hormonal drugs. His serum and blood
examination showed TBIL 2.1 mg/dL, SGOT 1250 KU,
SGPT 1130 KU, PT 13%, PLT 5.7 x 10%/uL, total cholesterol
169 mg/dL, WBC 30,600/mm?, and serum creatinine 3.8 mg/
dL. He developed hepatic failure, and abdominal US revealed
thrombus in IVC (Fig. 11.2). He was transferred to the inten-
sive care unit. CT revealed high-density material in IVC at
the hepatic vein ostia (Fig. 11.3), and acute BCS was diag-
nosed. Anticoagulants were administered, and plasmaphere-
sis and hemodialysis were initiated. However, he died from
multiorgan failure due to a hypercoagulable state. Autopsy
showed massive hemorrhagic necrosis in zones 2 and 3,
while hepatocytes in zone 1 remained intact (Fig. 11.4).
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Fig. 11.5 CT in subacute BCS with MOVC. Serial CT shows IVC
(arrow) as a low-density or high-density area, and thrombus is seen in
IVC. Collateral vein (arrow head) is next to thoracic or abdominal aor-

Thrombus was seen in the pulmonary artery, along with
microthrombi in the adjacent small arteries and hemorrhage
in surrounding tissues.

Case 11.2

A 37-year-old male had complained of leg edema for
6 months and developed epigastralgia and brown urine. On
admission, his laboratory data were TBIL 2.1 mg/dL, SGOT
32 IU/L, SGPT 37 IU/L, ALP 13.9 KAU, total cholesterol
138 mg/dL, PLT 11.1 x 10%/uL, and ICGR ;5 38.5%. Enhanced
serial CT showed disappearance of IVC, presence of a throm-

tic artery. (Redrawn from Iwai M, et al. Clinical features, image analy-
sis, and laparoscopic and histological liver findings in Budd-Chiari
syndrome, Hepato-Gastroenterol 1998; 45: 2359-68)

bus in the IVC, dilated collateral veins, and enlarged caudate
lobe (Fig. 11.5). Simultaneous inferior and superior venoca-
vography showed a complete obstruction of the IVC and at
the entry of the right and middle hepatic veins into the IVC
(Fig. 11.6). Laparoscopy revealed enlarged liver with a dusky
green color, and blue maculae and white markings were
detected on the surface; numerous lymphatic cysts were
seen, and small amount of ascites were present in the abdom-
inal cavity; and laparoscopy-guided liver biopsy revealed a
dilated portal vein and increasing fibrosis in the portal tract,
and congestion was seen around the central vein (Fig. 11.7).
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Fig. 11.8 Chest radiograph in an asymptomatic BCS patient. Shadow
of enlarged azygos vein (arrow) is seen in paratracheal area. (Redrawn
from Iwai M, et al. Clinical features, image analysis, and laparoscopic
and histological liver findings in Budd-Chiari syndrome, Hepato-
Gastroenterol 1998; 45: 2359-68)

Fig. 11.6 Simultaneous superior and inferior venocavography. IVC is
obstructed in right subatrium, and right and middle hepatic veins drain
into IVC. (Redrawn from Iwai M, et al. Clinical features, image analy-
sis, and laparoscopic and histological liver findings in Budd-Chiari syn-
drome, Hepato-Gastroenterol 1998; 45: 2359-68)

Fig. 11.7 Macroscopic and histological findings of liver in subacute  on liver surface. (b) Hematoxylin eosin stain shows congestion around
BCS with MOVC. (a) Greenish liver is enlarged, white markings are ~ central vein, and portal tract is enlarged. C central vein, P portal tract
visible with blue maculae, and numerous lymphatic vesicles are visible
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Fig. 11.9 Serial enhanced CT in BCS. Narrowing of IVC is seen at
hepatic vein ostia. Middle and left hepatic veins are visible, but there is
no clear communication between both veins and IVC. Entry of right
hepatic vein into IVC is visible, and IVC is dilated distant to occlusion.

Case 11.3

The chest radiograph of an asymptomatic 42-year-old male
showed the shadow of an enlarged azygos vein in the right
paratracheal area (Fig. 11.8). His liver chemistries were
TBIL 1.0 mg/dL, SGOT 19 IU/L, SGPT 19 IU/L, ALP 9.4
KAU, total cholesterol 123 mg/dL, PLT 11.0 x 10%pL, and
ICGR 5 23.5%. BCS was suspected. Superior and inferior
venocavography showed complete obstruction of IVC and
drainage of the right hepatic vein into IVC. Serial enhanced
CT showed the presence of left, middle, and right hepatic
veins. The right hepatic vein communicated with the IVC,
but the connection of the middle and left hepatic veins with
the IVC was not clear; the lumen of the IVC in the hepatic
vein ostia was narrow, the post-occlusion portion of IVC was
dilated, and dilated collateral veins were also seen (Fig. 11.9).
Laparoscopy revealed enlarged, purplish liver with white
markings and dilated peripheral portal veins, while liver
biopsy revealed capsular thickening and subcapsular hemor-
rhage; the sinusoids were dilated and congested in the sub-
capsular area (Fig. 11.10). Routine chest radiograph showed
the shadow of a dilated azygos vein, and this finding could be
a valuable tool in the diagnosis of BCS [16].

Azygos vein is dilated, and other collateral veins are seen. (Redrawn
from Iwai M, et al. Clinical features, image analysis, and laparoscopic
and histological liver findings in Budd-Chiari syndrome, Hepato-
Gastroenterol 1998; 45: 2359-68)

Case 11.4

A 66-year-old male with a 3-year history of liver cirrhosis
underwent enhanced CT, which showed a thrombus in the
hepatic portion of IVC. BCS was the suspected diagnosis.
The sagittal view of his abdominal MRI showed obstruction
of IVC, entry of right hepatic vein into IVC, and high-intensity
thrombus in the hepatic vein ostia; MRI angiography revealed
stenosis of IVC and dilated collateral veins communicating
with the femoral vein (Fig. 11.11). Simultaneous inferior and
superior venocavography showed obstruction at the hepatic
vein ostia, nozzle-like tapering of IVC from the right atrium,
and entry of right hepatic vein into IVC. Laparoscopy
showed liver atrophy with formation of multiple nodules,
capsular thickening, and numerous lymphatic cysts; the nod-
ules were low in height, internodular space was wide, and
scattered subcapsular hemorrhages were visible (see Fig. 4.9
in Chap. 4). Liver biopsy showed pseudolobular formation
with wide septum of fibrosis, capsular thickening, and sub-
capsular hemorrhage; hemorrhaging was evident in the inter-
space between parenchymal cells and septal fibrosis in the
portal area, and dilated portal veins were surrounded by
increased fibrosis (Fig. 11.12).
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Fig. 11.10 Macroscopic and microscopic appearance of liver in an
asymptomatic BCS patient. (a) Surface of enlarged liver is purplish red
in color with white markings, and dilated peripheral portal veins are
visible. (Redrawn from Iwai M, et al. Clinical features, image analysis,
and laparoscopic and histological liver findings in Budd-Chiari syn-
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Fig. 11.11 MRI in chronic BCS with MOVC. (a) Sagittal MRI shows
obstruction of IVC (arrow), entry of right hepatic vein into IVC, and
highly intense thrombus (star) in hepatic vein ostia. (b) MRI angiogra-
phy shows obstruction of IVC (arrow) in hepatic vein ostia, entry of

drome, Hepato-Gastroenterol 1998; 45: 2359-68). (b) Histological
appearance of the liver shows capsule of liver surface (arrow) to be
thick, and subcapsular hemorrhage (H) is visible. Mallory-Azan stain
shows peliosis (P) communicates with subcapsular hemorrhage

right hepatic vein in IVC, and formation of collateral circulation.
(Redrawn from Iwai M, et al. Clinical features, image analysis, and
laparoscopic and histological liver findings in Budd-Chiari syndrome,
Hepato-Gastroenterol 1998; 45: 2359-68)



11 Vascular Disorders in the Liver

137

Fig. 11.12 Mallory-Azan stain of liver in chronic BCS. Thick capsule
and subcapsular hemorrhage are visible. Hemorrhage is also visible
around portal fibrosis. There is pseudolobular formation, and wide sep-
tum formation is seen between regenerating nodules. Portal veins are
dilated, and lumen of central veins (arrow) is narrow. (Redrawn from
Iwai M, et al. Clinical features, image analysis, and laparoscopic and

histological liver findings in Budd-Chiari
Gastroenterol 1998; 45: 2359-68)

syndrome, Hepato-

11.4 Fontan-Associated Liver Disease
(FALD)

In 1971, Fontan and Baudet reported an effective palliative
operation for tricuspid atresia, and it is currently the most
common surgical procedure performed in patients with
single-ventricle physiology or when biventricular repair is
not feasible. Advances in perioperative management have
contributed to an improved outcome of the Fontan operation
and an increase of long-term survivors. Venous congestion
and decreased cardiac output are the hallmarks of Fontan cir-
culation, and then it is rational that long-term survivors of
Fontan surgery commonly progress to congestive hepatopa-
thy [22]. FALD can be defined as abnormalities in liver
structure and function that result from the Fontan circulation.
FALD arises due to chronic congestion of the liver created
by the elevated venous pressure and low cardiac output.
Main pathologic features are massive or universal sinusoidal
dilatation, centrilobular and /or sinusoidal fibrosis, and car-
diac cirrhosis [23].

Elevated hepatic venous pressure due to Fontan circula-
tion may diminish portal flow, and portal vein saturation
can be decreased by the hepatic arterial buffering response.
These changes may promote the development of focal nod-
ular hyperplasia (FNH), since it arises secondary to arterial
hyperperfusion. Recently, hepatocellular carcinoma (HCC)
after Fontan operation has been reported [24]. There is a
well-documented multistep process of progression to hepa-
tocellular carcinoma. A subgroup of hyperplastic nodules
may have malignant potential. The development of HCC

gives a great impact for the prognosis of patients with
FALD.

Noninvasive imaging modalities are useful for detecting
FALD [25]. US can identify in liver parenchymal changes
(parenchymal heterogeneity, liver surface irregularity), cir-
rhotic findings (hepatomegaly, splenomegaly, ascites), and
liver tumors. CT and MRI can demonstrate IVC engorge-
ment, hepatic vein dilatation, and hypervascular tumors.
Hepatic elastography is a noninvasive tool for assessing
hepatic fibrosis and hepatic congestion. Because it is not able
to determine the true hepatic fibrosis excludes the effect of
hepatic congestion, we should keep in mind that the elastog-
raphy may overestimate hepatic fibrosis. Increased central
venous pressure has been shown to be associated with
increased morbidity and mortality in patients undergoing
Fontan procedure. All Fontan patients should undergo the
surveillance for FALD and HCC.

Case 11.5

This case was a 31-year-old man who was referred to our
division for evaluation of liver nodules detected on US. He
had undergone the Fontan procedure for a single ventricle at
the age of 10 years, which was his second operation for
congenital heart disease. He had also received insertion of a
permanent pacemaker for sick sinus syndrome. When liver
cirrhosis and esophageal varices were diagnosed at the age
of 29 years, he was on treatment with diuretics, antiarrhyth-
mic agents, and antithrombotic drugs, with his cardiac status
being NYHA class III. On admission, he was cyanotic and
showed poor growth with a reduced exercise capacity. He
had moderate ascites and a pleural effusion. Laboratory
tests revealed a hemoglobin 11.7 g/dL, platelet count
13.2 x 10,000/uL, AST 38 IU/L, ALT 21 IU/L, T-bil 1.8 mg/
dL, and albumin 3.3 mg/dL. Serum AFP level was 4.0 ng/
mL. US showed characteristic features of cirrhosis and sev-
eral nodules ranging in size from 10 to 35 mm that were
suspected to be regenerative nodules or FNH. CT demon-
strated diffuse patchy enhancement of the hepatic paren-
chyma, as well as hypervascular nodules ranging from 10 to
35 mm in size (Fig. 11.13a). Most of the nodules displayed
enhancement in the arterial phase and contrast retention in
the portal venous phase, which are characteristics consistent
with FNH. However, the 23 mm mosaic pattern nodule with
a halo in S2 showing early arterial uptake followed by
washout in the portal venous phase was suspected of hepato-
cellular carcinoma (Fig. 11.13b). Liver biopsy was contrain-
dicated due to ascites and anticoagulant therapy. One year
and a half later, follow-up imaging showed enlargement of
the suspected hepatocellular carcinoma from 23 to 35 mm in
diameter, while the other nodules were unchanged in size.
The serum AFP level remained in the normal range. This
patient died of combined hepatic and cardiac failure.
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Fig. 11.13 CT in a patient with FALD and HCC. (a) CT demonstrated
diffuse patchy enhancement of the hepatic parenchyma, as well as
hypervascular nodules ranging from 10 to 35 mm in size. (b) The

11.5 Sinusoidal Obstruction Syndrome
(SOS)/Veno-Occlusive Disease (VOD)

Sinusoidal obstructive syndrome (SOS) known as veno-
occlusive disease (VOD) is a condition characterized by
toxic destruction of hepatic sinusoidal endothelial cells
with sloughing and downstream occlusion of terminal
hepatic venules. Initially, VOD was well-established as a
hepatic complication by either chemical or radiation. In
the 1970s, hepatic VOD in patients undergoing bone mar-
row transplantation was reported. A large number of drugs
and toxins have been associated with SOS/VOD. Causal
factors include hematopoietic stem cell transplantation,
adjuvant or neoadjuvant chemotherapy with hepatectomy
for metastatic liver diseases, radiation (total body or
hepatic) chemotherapy for acute leukemia, liver transplan-
tation, use of herbal remedies, and VOD with immunodefi-
ciency. The presentation mimics BCS. In its acute form,
presentation may include hepatomegaly, ascites, and liver
failure. The chronic form leads to cirrhosis and portal
hypertension with esophageal varices. Liver biopsy typi-
cally shows striking centrilobular congestion around the
hepatic venule with centrilobular hepatocellular necrosis
in acute phase (Fig. 11.14). The terminal hepatic venules
exhibit subintimal edema without obvious fibrin deposi-
tion or thrombosis. This is accompanied by dissection of
erythrocytes into the space of Disse and downstream accu-
mulation of cellular debris in the terminal vein. In the sub-
acute phase, collagen deposition occurs in and around the

23 mm mosaic pattern nodule with a halo in S2 showing early arterial
uptake followed by washout in the portal venous phase was suspected
of hepatocellular carcinoma (arrowheads)

terminal venules, resulting in progressive obliteration of
the venule. In the chronic phase, dense perivenular fibrosis
radiating out into the parenchyma develops [26]. Currently,
no effective therapy is available other than to remove the
etiologic agent, typically a drug. As a medical treatment,
defibrotide has shown the most promising results in clini-
cal trials, which showed 32% of patients who underwent
hematopoietic stem cell transplantation (HSCT) achieved
complete response [27]. High-dose methylprednisolone
has also been used. Liver transplantation should be consid-
ered only in patients who are expected to have a good out-
come [28]. The prevention is needed for patients at high
risk for developing SOS. Ursodeoxycholic acid or low-
dose heparin prophylaxis and aggressive fluid manage-
ment during HSCT are available.

11.6 Hepatic Artery

Forty to 50% of the oxygen requirement and 35% of the
blood volume of the liver are supplied by hepatic artery.
The common hepatic artery continues as the proper hepatic
artery and branches into the right and left hepatic artery.
Clinical disorders of the hepatic artery are aneurysm [25],
occlusion or infarction [26], and arteriovenous fistula [27,
28]. Some of these diseases should be diagnosed immedi-
ately to prevent circulatory insufficiency and liver failure
by using image analysis of US, CT with contrast medium,
and angiography.
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Fig. 11.14 Sinusoidal obstruction syndrome. (a) Periodic acid Schiff’s
stain in SOS shows zone 3 hepatocytes have been replaced by blood
cells. A small vein contains macrophages and fibrous tissue. (b)

11.7 Arterioportal Fistulas (APFs)

APFs are fistulas between any of the splanchnic arteries
and the portal veins and represent an infrequent cause of
presinusoidal portal hypertension. They can be acquired or
congenital. Acquired APFs can be by liver trauma, inter-
ventional procedures (liver biopsy, percutaneous transhe-
patic catheterization of bile duct, radiofrequency ablation,
etc.), artery aneurysm, and hepatic tumors (hepatocellular
carcinoma). Many patients with APF are asymptomatic.
Symptoms depend on the location of APF and the amount
of shunted blood. They are usually secondary to portal
hypertension. Common manifestations include gastroin-
testinal bleeding, ascites, congestive heart failure, and
diarrhea. The pathologic features of APFs are the dilata-
tion of the sinusoids and portal branches in the early stage
and venous intimal hyperplasia and arterialization of the
portal branches, called hepatoportal sclerosis after persis-
tent portal hypertension. Doppler US is the first-choice
tool for the diagnosis or a screening of APFs. Doppler US
demonstrates pulsatile flow in the portal system with or
without hepatofugal flow. On triple-phase enhanced CT,
the early filling of the portal vein and the presence of
wedge-shaped, transient peripheral enhanced area are
observed in the arterial phase. Hepatic arteriography
reveals early visualization of the portal system after celiac
or hepatic artery injection. Superior mesenteric arteriove-
nous fistulas (SMAVF) are usually caused by iatrogenic or
traumatic damage, though a few congenital cases have also
been reported [29, 30]. Fistula formation originates from a
transfixion suture through the artery and vein simultane-
ously or via mass ligation in the mesentery [31, 32]. Some

Hematoxylin eosin stain shows loss of hepatocytes around the hepatic
vein in SOS. (Courtesy of Professor Michael A Kern)

patients with SMAVF have suffered cardiac failure or liver
failure [33, 34]. Treatment indication is to prevent the
development of portal hypertension. Extrahepatic APFs
should be treated because of no spontaneous closure of
APFs. Arterial embolization is effective in treating single
or a few APFs. Next options are hepatic artery ligation or
fistula resection. Liver transplantation may be the last pos-
sible therapy in patients with extensive involvement, espe-
cially congenital multiple APFs.

We present a case of SMAVF occurring after small bowel
resection to treat an ileus.

Case 11.6

A 38-year-old woman was admitted for watery and bloody
diarrhea and abdominal distension for several weeks. She
had undergone a wide resection of the small bowel to
relieve intestinal obstruction 6 years earlier. Physical
examination revealed massive ascites, and a bruit was
audible in the periumbilical area. On admission, her heart
rate was 98/min, and blood pressure was 110/70 mmHg.
Her hemoglobin level was 10.6 g/dL and hematocrit
33.2%. Liver chemistries revealed TBIL 0.6 mg/dL, GOT
34 TU/L, GPT 34 TU/L, TP 6.7 g/dL, and gamma globulin
11.5%. US examination revealed massive ascites, dilated
intrahepatic and extrahepatic portal veins, and ‘“rabbit
tail” appearance of the superior mesenteric vein commu-
nicating with some vessels (Fig. 11.15). Conventional
enhanced CT showed a dilated portal vein in parallel with
the superior mesenteric artery, and the bowel wall was
enhanced by contrast medium (Fig. 11.16); a connection
between the portal vein and superior mesenteric artery
was suspected. Superior mesenteric arteriography revealed
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Fig. 11.15 US in SMAV fistula. (a) The extrahepatic and intrahepatic ~ superior mesenteric arteriovenous fistula: Ultrasonographic, CT and
portal vein (P) is dilated. (b) The superior mesenteric vein (V) is dilated ~ angiographic features and histological findings of the liver biopsy. J
and is connected to a stenotic vessel. (Reuse of Iwai M, et al. Tatrogenic ~ Gastroenterol Hepatol 1990; 5: 586-9, with permission of Wiley)

Fig. 11.16 Enhanced CT in SMAV fistula. The dilated superior mes-  enteric arteriovenous fistula: Ultrasonographic, CT and angiographic
enteric vein is contiguous to the superior mesenteric artery (a), and the  features and histological findings of the liver biopsy. J Gastroenterol
vein makes a fistula with the artery (b). The small intestine is enhanced ~ Hepatol 1990; 5: 5869, with permission of Wiley)

by contrast medium. (Reuse of Iwai M, et al. Iatrogenic superior mes-
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Fig. 11.17 SMAV fistula. Superior mesenteric arteriography shows a
fistula of the dilated mesenteric vein. (Reuse of Iwai M, et al.
Tatrogenic superior mesenteric arteriovenous fistula: Ultrasonographic,
CT and angiographic features and histological findings of the liver
biopsy. J Gastroenterol Hepatol 1990; 5: 5869, with permission of
Wiley)

a fistula of the dilated mesenteric vein, with its artery at
the level of the fourth lumbar vertebra (Fig. 11.17).
Hematochezia was frequent, and hematemesis occurred
due to rupture of esophageal varices. Cardiac output was
measured via isotope dilution, and the cardiac index was
7.78 L/mm/m?. Cardiac failure occurred, and blood urea
nitrogen and creatinine were elevated to 85 and 4.7 mg/
dL, respectively. The fistula between the superior mesen-
teric artery and vein was ligated as an emergency proce-
dure. The pressure in the superior mesenteric vein before
and after ligation was 56 and 47 mmHg, respectively. No
regenerating nodules were seen on the liver surface, and a
wedge biopsy of the liver showed arteriolized portal veins
surrounded by increasing fibrosis (Fig. 11.18). Neither
septum nor pseudolobular formation was seen.

Fig. 11.18 SMV fistula. Liver histology shows deposition of collagen
fibers (CF) surrounding the portal vein (PV). A artery, B bile duct.
(Reuse of Iwai M, et al. latrogenic superior mesenteric arteriovenous
fistula: Ultrasonographic, CT and angiographic features and histologi-
cal findings of the liver biopsy. J Gastroenterol Hepatol 1990; 5: 586-9,
with permission of Wiley)

11.8 Portal Vein

Portal vein is formed by gastric or pyloric and superior or
inferior mesenteric and splenic veins. The portal vein divides
into left and right branch, and the branch reaches interlobular
veins and interlobular venules and continues into afferent
venules and into sinusoids.

There are congenital or acquired diseases of portal veins,
and their diseases cause portal hypertension. Portal hyper-
tension arises due to obstruction of hepatic blood flow, and
patients with portal hypertension are classified as having
either presinusoidal or postsinusoidal obstruction. Congenital
anomalies of the portal vein, portosystemic shunts, or arte-
rioportal fistula cause portal hypertension, and acquired dis-
eases of large or small portal veins (idiopathic portal
hypertension) lead to liver disturbance with or without cir-
rhotic change.

11.9 Idiopathic Non-cirrhotic Portal

Hypertension (INCPH)

Idiopathic non-cirrhotic portal hypertension has been
recently proposed to replace terms, for example, hepatopor-
tal sclerosis, idiopathic portal hypertension, and so on [35].
INCPH is defined as a presinusoidal non-cirrhotic portal
hypertension of unknown etiology with a patent extrahepatic
portal vein and hepatic veins. Anemia, thrombocytopenia,
and esophageal or gastric varices are clinically manifested,
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and splenomegaly is always detected. Liver biopsy should
be performed for the diagnosis of INCPH. Pathological fea-
tures are (1) obliterative portal venopathy, (2) portal fibro-
sis without inflammation, (3) paraportal shunting vessels,
(4) enlarged portal branches, and (5) increased number of
portal vascular channels [36, 37].

The diagnosis of INCPH is based on the portal hyperten-
sion with patent portal and hepatic veins in the absence of
known causes of liver damage. In patients with INCPH,
hepatic synthetic capacity is usually preserved. Imaging
modalities have poor sensitivity and specificity. These
modalities demonstrated portal hypertension findings such
as splenomegaly, collateral shunts, and enlarged caudate
lobe. US shows thickened PV with echogenic walls, normal
liver size, and normal echotexture.

Variceal bleeding is a life-threatening complication [38],
and combined pharmacological and endoscopic therapy is
effective to control acute bleeding [39]. Endoscopic variceal
ligation [40] and transjugular intrahepatic portosystemic
shunt [41] are applied for prophylaxis of bleeding, and
balloon-occluded retrograde transvenous obliteration is indi-
cated to prevent gastric variceal bleeding [42]. The natural
course of INCPH is good except for uncontrolled gastroin-
testinal bleeding. Long-term survival after eradication of
esophagogastric varices is nearly 100% [43]. Hepatic reserve
usually remains well preserved, but 20% of patients develop
parenchymal atrophy with subsequent decompensation.

Case 11.7

A 58-year-old female complained of melena and was found
to have anemia. Her liver test showed AST 23 IU/L, ALT
18 TU/L, ALP 495 TU/L, GGT 73 TU/L, and PLT 11.7 x 10%/
pL. Upper abdominal CT with contrast medium showed
esophageal varices in the venous phase, and another slice of

CT revealed splenomegaly and development of a collateral
portal vein around the stomach (Fig. 11.19). Upper gastroin-
testinal fiberscope showed esophageal varices with RC sign.
Three-dimensional CT showed presence of esophageal vari-
ces, collateral portal branch around the stomach, and spleno-
megaly (Fig. 11.20). Liver biopsy showed non-cirrhotic
liver, bile ducts and artery in a portal tract, and herniated
portal vein (Fig. 11.21). Thrombocytopenia and anemia are
found in idiopathic portal hypertension, and hematemesis or
melena develops. Histological findings show non-cirrhotic

ENIF

Fig. 11.20 Three-dimensional analysis by CT. CT shows esophageal
varices, dilatation of perigastric veins, and splenomegaly

Fig. 11.19 Idiopathic portal hypertension. (a) CT with contrast medium shows presence of esophageal varices and paraesophageal veins in the
venous phase. (b) CT with contrast medium shows splenomegaly and dilatation of perigastric veins
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Fig. 11.21 Idiopathic portal hypertension. (a) Silver stain shows non-cirrhotic liver with mild fibrosis in the portal tract. P portal tract, C central
vein. (b) Bile duct (arrow) and arterial structure (arrow head) are observed, and portal vein (star) is herniated from the portal tract

Fig. 11.22 Laparoscopic and histological findings of liver in idio-
pathic portal hypertension. (a) The liver surface is wavy and excavated
with a thick white capsule and white markings. (b) The peripheral por-

liver, narrow lumen or destruction of the portal vein, and her-
niation of the portal vein.

Case 11.8

A 53-year-old female was diagnosed with esophageal varices.
Her liver function tests showed ALT 14 IU/L, AST 21 IU/L,
LDH 303 IU/L, gamma globulin 23.3%, and ICGR;5 9.8%.
Neither HBsAg nor HCV Ab were present. Her thrombocyte
level was 6.1 x 10*pL. US revealed splenomegaly with col-
lateral vein formation, and splenectomy was performed to
reduce portal hypertension. MRI revealed dilatation of the
portal trunk and tapering of the intrahepatic portal veins.

tal vein is branched and dilated in the portal tract and herniated. Fibrosis
has developed

Regenerating hyperplastic nodules were laparoscopically seen
on the liver surface, but no cirrhotic nodules were detected,
and liver biopsy showed portal fibrosis and dilated peripheral
portal veins with herniated abnormal vessels (Fig. 11.22).

11.10 Portal Vein Thrombosis (PVT)

Portal vein thrombosis refers to thrombosis that develops in
the portal trunk including its right and left branches and
extends to the splenic or superior mesenteric veins [44]. The
pathogenesis of PVT is reduced portal flow, a hypercoagulable
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state and vascular endothelial injury. Etiology of PVT is cir-
rhosis, primary hepatobiliary malignancy, secondary hepato-
biliary malignancy, abdominal infection including pancreatitis
and cholangitis, and a myeloproliferative disorder. Cirrhosis is
associated with increased intrahepatic vascular resistance and
reduced portal flow, leading to venous stasis. Levels of both
pro- and anticoagulant factors are reduced in cirrhosis. Its bal-
ance may often tilt toward hypercoagulability in cirrhotic
patients. Bacterial translocation and endotoxemia lead to por-
tal endothelial injury and the activation of coagulation cas-
cade. Cirrhotic patients are higher risky due to these three
pathogeneses.

On the diagnosis of PVT [45], US is the first-choice diag-
nostic modality. It shows hypo (recent thrombus)-, iso-, or
hyperechoic (elderly) material within portal vein either fill-
ing the lumen partially or completely. Color Doppler US and
contrast-enhanced US allow the diagnosis of an occlusion of
the veins by an elimination of the flow signal. They can
reveal collateral flows such as in a portal cavernoma, which
is multiple tortuous small vessels with hepatopetal flow or
varices. Enhanced CT shows a bland thrombus as a low den-
sity, non-enhancing defect within portal veins. CT and MRI
can provide additional information such as extension of
thrombus, collaterals, differentiation from tumor thrombus,
and status of adjacent organs. The variations of T1- and
T2-weighted signals allow defining the age of thrombus for-
mations. The increase of both signal intensity is due to fresh
thrombus. The aim of the treatment is to reverse or prevent

EL
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Fig. 11.23 Portal vein thrombosis. (a) Portal vein thrombosis on coro-
nal section. Contrast-enhanced CT showed filling defect from superior
mesenteric vein to intrahepatic portal vein in the portal phase. (b) Portal

advancement of PVT. Anticoagulation therapy should be ini-
tiated with heparin or low molecular weight heparin and
maintained 2-3 weeks [46]. Later, oral vitamin K antago-
nists should be given to maintain an INR of 2-3. Thrombolytic
therapy with recombinant tissue plasminogen activator, uro-
kinase, for very fresh PVT can be done via indirect intra-
arterial infusion into the superior mesenteric artery or
directly into portal vein and might improve regional clot
lysis. However, there is a high rate of bleeding.

Extrahepatic portal venous obstruction (EHPVO) refers
to chronic portal obstruction in the absence of associated
liver disease [47]. EHPVO should be considered as a sepa-
rate entity. Etiology of EHPVO in children is infection, con-
genital anomaly, or a primary thrombotic disorder. Infections
include omphalitis, neonatal umbilical sepsis, repeated
abdominal infection, or umbilical vein catheterization.
However, 50% of patients still remain idiopathic. EHPVO in
adult is due to prothrombotic disorders, intra-abdominal
infection, pregnancy, or oral contraceptives.

Case 11.9

A 21-year-old female using low-dose pill for premen-
strual syndrome complained acute severe stomachache.
Her liver function test showed ALT 16 IU/L, AST 17 IU/L,
ALP 161 TU/L, GGT 15 IU/L, and PLT 18.0 x 10%
pL. Abdominal enhanced CT showed persistent well-
defined filling defect within superior mesenteric vein to
extrahepatic portal vein (Fig. 11.23a). She was diagnosed

cavernoma (arrow) around the pancreas on coronal section. Contrast-
enhanced CT showed collaterals with hepatopetal flow around pancreas
in the portal phase
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portal vein thrombosis and underwent anticoagulant ther-
apy. Enhanced CT after anticoagulant therapy revealed
hepatopetal collaterals (portal cavernoma) around pan-
creas (Fig. 11.23b). Portal vein thrombi disappeared after
anticoagulant therapy, but superior mesenteric vein
remained narrowed.

11.11 Pylephlebitis

Pylephlebitis is characterized by suppurative thrombosis
of the portal vein and is a deadly complication of intra-
abdominal infections such as appendicitis, diverticulitis,
pancreatitis, peritonitis, or cholangitis [48]. An uncon-
trolled infection in the regions neighboring or drained by
the portal system induces thrombophlebitis of small mes-
enteric veins and can spread to the portal system and to
the liver. It is not easy in clinical settings to get the cul-
ture-positive fluid from the portal system for its diagnosis.
As an alternative method, it is defined as the presence of
portal mesenteric venous thrombosis with or without bac-
teremia within 30 days of intra-abdominal infection. It is
advocated to use broad-spectrum antibiotics for pylephle-
bitis, even without bacteremia.

11.12 Portal Vein Aneurysm (PVA)

PVA is an unusual vascular dilatation of the portal vein
with an incidence of 0.06% and defined as a diameter
exceeding 15 mm in normal liver and 19 mm in cirrhosis
[49]. Etiology of PVA is still unclear but considered to be
congenital or acquired. The congenital cause is the incom-
plete regression of the right primitive distal vitelline vein.
Moreover, the presence of vein wall defects can facilitate
the development of the aneurysm. The acquired cause is
mainly portal hypertension in cirrhosis. The high splanch-
nic flow and hyperdynamic circulation cause the portal
dilatation with weakening venous wall. Other causes are
pancreatitis, trauma, and invasion of portal wall by
malignancies.

One third of patients are asymptomatic. Main symptom
is abdominal pain. Symptoms by the compression of adja-
cent organs, gastrointestinal hemorrhage, and spontane-
ous rupture are rare. Most of the cases are diagnosed with
US or CT. US, especially color Doppler US, can show
hemodynamics of the portal vein and PVA. CT is useful to
evaluate the positional relationship with adjacent organs.
Surgical indications are patients with complicated PVA
such as rupture, high risk of the rupture, and thrombosis.

11.13 Hereditary Hemorrhagic
Telangiectasia (HHT)

Hereditary hemorrhagic telangiectasia (HHT) was ini-
tially reported as Osler-Weber-Rendu disease named
Rendu in 1896, Osler in 1901, and Weber in 1907. HHT is
a genetic vascular disorder characterized by the primarily
dominant autosomal hereditary transmission of dermal,
mucosal, and visceral telangiectasia and arteriovenous
malformations (AVMs). The genetic mutations lead to the
impairment of blood vessel development, resulting in tel-
angiectasia and AVMs. Liver involvement is more com-
mon with an incidence of about 75% [50-52]. Hepatic
histological features are a honeycombed meshwork of
dilated sinusoids or tortuous veins, adjacent arteries, and
increased portal vascular channels. Portal fibrosis may be
seen. Triple-phase enhanced CT demonstrates arteriove-
nous, arterioportal, or portovenous shunts in the liver.
Arteriovenous shunt is the most common and may induce
congestive heart failure, hepatomegaly, and pulmonary
hypertension. Arterioportal shunt may induce portal
hypertension including splenomegaly or esophagogastric
varices.

The diagnosis of HHT is widely used Curacao criteria
[53] which is based on the most characteristic features of
disease: (a) recurrent spontaneous epistaxis, (b) a family
medical history, (c) mucocutaneous telangiectasia, and (d)
the presence of visceral lesions. A definitive diagnosis of
HHT is made if a patient exhibits at least three of the four
criteria. If the diagnosis of HHT is proven or assumed, all
patients should be screened for cerebral vascular malforma-
tions, pulmonary AVMs, and hepatic vascular malformations
and annual hemoglobin examined.

The therapeutic options for hepatic involvement were
limited. Complications of portal hypertension such as bleed-
ing of varices or ascites should be treated with medical and
endoscopic treatments. High-output cardiac failure can be
treated with medical treatment. Liver transplantation may be
the only curative option for hepatic vascular malformations
and apply to uncontrolled high-output cardiac failure, chol-
angitis, and portal hypertension.

Case 11.10

A 60-year-old man was admitted because of iron deficient
anemia. Telangiectasia in the tongue was observed. Upper
gastrointestinal endoscopy showed many gastrointestinal
angioectasia and esophageal varices. His blood test was
hemoglobin 7.1 g/dL, platelet count 197,000/uL, albumin
4.0 g/dL, total bilirubin 0.5 mg/dL, AST 15 U/L, ALT
15 U/L, y-GTP 73 mg/dL, Fe 28 pg/dL, TIBC 373 pg/dL,



Fig. 11.24 Hereditary hemorrhagic telangiectasia. (a) An arteriove-
nous shunt (arrow) is presented in the liver with color Doppler ultraso-
nography. (b) A portovenous shunt (arrow) is presented in the liver with
color Doppler ultrasonography. (¢) An arterioportal shunt (arrow) is
shown between a left gastric artery and portal vein with contrast-

M. Koda et al.

enhanced computed tomography. (d) A portovenous shunt (arrow) is
presented between a portal vein and a middle hepatic vein with contrast-
enhanced computed tomography. (e, f) Multiple arterioportal shunts are
presented with angiography
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ferritin 10.3 ng/mL, HBs antigen-negative, and HCV
antibody-negative, antinuclear antibody-negative, and
anti-mitochondrial antibody-negative. From these data, he
was diagnosed iron deficient anemia. Color Doppler US
showed an arterioportal shunt and a portovenous shunt in
the liver (Fig. 11.24a, b). MDCT also showed an arterio-
portal shunt and a portovenous shunt between a left portal
vein and a middle hepatic vein (Fig. 11.24c, d).
Angiography revealed the multiple arterioportal shunts in
both lobes (Fig. 11.24e, f).

11.14 Sinusoids

Sinusoids are lined by endothelial cells containing fenestra-
tions, and Kupffer cells reside in the lumen, and hepatic stel-
late cells, natural killer cells, and mast cells are found within
the space of Disse. Pericellular fibrosis, sinusoidal dilatation,
peliosis hepatis, and microvascular injury may be related to
drugs, toxins, and ischemia.

11.15 Peliosis Hepatis

Peliosis hepatis is defined as blood-filled cystic spaces, either
nonlined or lined with sinusoidal endothelial cells in the liver
[54, 55]. At gross inspection, it looks like “Swiss cheese
appearance.” Microscopically, it is classified into two types;
the first type is designated “parenchymal peliosis” and con-
sists of irregular cavities that are neither lined by sinusoidal
cells nor by fibrous tissue. The second type is “phlebectatic
peliosis” and characterized by regular spherical cavities

lined by endothelium and /or fibrosis [56]. Macroscopic peli-
osis hepatis is induced by anabolic, estrogenic, or adrenocor-
tical steroids. It can also be caused by malnutrition, leukemia,
tuberculosis, leprosy, vasculitis, and AIDS. Microscopic
lesions are caused by the intake of drugs for organ transplan-
tation and various malignancies.

Imaging modalities do not allow a clear diagnosis of peli-
osis hepatis. It should be differentially diagnosed from
hemangioma, hepatocellular adenoma, hepatocellular carci-
noma, focal nodular hyperplasia, abscess, and metastatic
adenocarcinoma. US shows heterogenous with both hypo-
and hyperechoic areas. On enhanced CT, they appear hyper-
vascular in the arterial phase and then become isodense. On
unenhanced T2-weighted MR images, they demonstrate high
intensity with high-intensity multiple spots, which are attri-
bute to hemorrhagic necrosis.

We present a case of macroscopic peliosis hepatis of
unknown etiology.

Case 11.11

A 29-year-old female complained of mild fever accompa-
nied by right-sided hypochondralgia and a backache.
Contrast-enhanced abdominal CT showed a low-density
area 6 cm by 4 cm in diameter in the early phase, and the
area was still low in density in the late phase (Fig. 11.25).
No abnormal values on liver function tests were seen, and
no coagulopathy was detected. Echo-guided tumor biopsy
showed dilatation of sinusoids with preservation of the
portal tracts; the sinusoids were congested with red blood
cells and destroyed (Fig. 11.26). Peliosis hepatis is usually
of no significance, but macroscopic peliosis may rupture
spontaneously [57].

Fig. 11.25 Peliosis hepatis. (a) CT with contrast medium shows a low-density area in S6 in the arterial phase. (b) CT in the late phase shows a
low-density area, and its density is heterogeneous
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Fig. 11.26 Peliosis hepatis. (a) Sinusoids are dilated, and fibrosis is seen in the portal tract. (b) Non-parenchymal cells of the endothelium are
destroyed and congested with red blood cells
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