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Chapter 1
Role of Liver Biopsy in the Study 
of Vascular Disorders of the Liver

Valerie Paradis and Pierre-Emmanuel Rautou

 Introduction

Vascular liver disorders (VLD) encompass a wide spectrum of clinico-pathological 
entities resulting from damage to the hepatic vascular system, that includes hepatic 
arteries, portal and hepatic veins, sinusoids, and lymphatics. Among them, the vas-
cular structures most often damaged at liver biopsy examination include portal and 
hepatic veins, as well as sinusoids.

According to the type of vascular structure involved, specific morphological cri-
teria are recognized, and histological analysis may thus be contributive in the man-
agement of patients [1]. In addition to identifying elementary morphological 
features suggestive of vascular disorders, the analysis of liver biopsy will also assess 
the extent of changes and their chronicity through the evaluation of fibrosis and 
architectural distortion. Nevertheless, as for other liver diseases, interpretation of 
liver histology (i.e. liver biopsy) should be integrated into a multidisciplinary 
approach including pathologists, clinicians and radiologists.

Recent advances have been made in the description of liver pathological changes 
associated with portal hypertension in the absence of portal vein thrombosis and 
cirrhosis, the entity previously recognized as “idiopathic non-cirrhotic portal 
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hypertension”, for which the denomination “porto-sinusoidal vascular disease” has 
been recently proposed [2, 3].

This chapter describes the main morphological features observed in VLD, as 
well as the different patterns associated with each VLD. Indications of liver biopsy 
will be also recapitulated.

 Pathological Analysis of Liver Biopsy

The histological assessment of liver biopsy for the study of vascular disorders is 
based on the analysis of serial sections to ensure adequate examination, taking into 
account potential sampling variability. In addition to standard hematoxylin and 
eosin staining, which can elucidate most histological features, red Sirius or tri-
chrome for connective tissue staining, and Perls for iron identification are per-
formed. Reticulin staining provides a more accurate evaluation of hepatic 
architecture than the former, which is most helpful to highlight regenerative pro-
cesses in a context of vascular disorders.

The interpretation of liver biopsy is based, as in other liver diseases, on a system-
atic analysis of the different morphological structures of the liver, with a specific 
attention to centrilobular and portal veins, and sinusoids. As for other chronic liver 
diseases, morphological lesions in VLD may not be evenly distributed and may vary 
in their severity, thus challenging the reliability of biopsy. Accordingly, while no 
specific study has been carried out in the specific context of VLD, a 25-mm biopsy 
is considered an optimal size for accurate pathological evaluation [4]. Nevertheless, 
a 15-mm length with at least 10 portal tracts is commonly sufficient [4, 5].

Liver biopsy may be obtained through various routes (transvenous, percutaneous 
or laparoscopic). Each of them has advantages and limitations. However, in addition 
to providing access to liver tissue, the transjugular route provides additional infor-
mation with the measurement of hepatic venous pressure gradient and the identifi-
cation of hepatic vein to vein communication potentially helpful for diagnosis in 
patients with VLD [6].

 Elementary Morphological Features of Vascular 
Liver Disorders

Elementary features associated with VLD are various and may affect portal tracts, 
centrilobular veins, and sinusoidal spaces. Of note, several terms have been used to 
describe a same feature, contributing to significant confusion in the literature. 
Accordingly, in the setting of idiopathic non-cirrhotic portal hypertension (INCPH), 
an effort has been recently made to propose a standardized nomenclature to homog-
enize the different terms related to the portal/periportal vascular changes [2].

V. Paradis and P.-E. Rautou



5

Although it is reasonable to consider that some of the elementary features are 
involved in the clinical manifestations (e.g. portal vein loss) it has to be stressed that 
almost each of them may be observed in patients with chronic liver diseases of dif-
ferent origins, outside the VLD setting. For instance, sinusoidal dilatation may 
appear as nonspecific, resulting from impaired portal venous blood inflow or severe 
systemic inflammation syndrome [7].

The terminology and morphological description of the main elementary features 
described in VLD are detailed in Table 1.1. Of note, in normal liver, most portal 
tracts contain the classical triad composed of a portal vein, a hepatic artery and a 
bile duct, the two latter of similar caliber while portal vein being around three times 
greater in diameter [8].

 Pathological Diagnosis of Vascular Liver Diseases

 Budd-Chiari Syndrome

Budd-Chiari syndrome (BCS), or hepatic venous outflow obstruction, is defined as 
hepatic venous outflow obstruction at any level between small intrahepatic veins 
and right atrium, excluding sinusoidal obstruction syndrome. BCS is usually diag-
nosed using imaging procedures. Liver biopsy is restricted to diagnostic uncertain-
ties. When liver biopsy is performed, it shows centrilobular sinusoidal dilatation and 
congestion (Fig.1.1a, c). Centrilobular thrombi may be seen associated with centri-
lobular perisinusoidal fibrosis during chronic evolution that may progress towards 
the development of fibrous septa between adjacent centrilobular areas leading to a 

Table 1.1 Nomenclature and description of morphological features of vascular structures

Vascular 
structures Elementary features Description

Portal tracts • Portal vein stenosis
• Herniated portal vein
• Hypervascularized PT
• Periportal abnormal 
vessels

Incomplete or complete obliteration of portal vein ± 
wall thickening
A portal vein abutting periportal parenchyma
Multiple thin-walled vascular spaces in PT
Single or multiple thin-walled vessels at the 
interface of PT and liver parenchyma

Centrilobular 
veins

• Intimal fibrosis
• Obstruction
• Thickening of vascular 
wall

Presence of extracellular matrix within the inner 
part of the wall
Fibrous obliteration of centrilobular vein
Fibrous enlargement of the wall

Sinusoids • Dilatation
• Congestion
• Fibrosis
• Peliosis

Sinusoidal lumen >1 liver cell plate wide
Presence of red blood cells within sinusoids
Sinusoidal walls enlarged by extracellular matrix
Cystically dilated spaces lined by hepatocytes and 
filled with blood cells

PT (Portal tract)

1 Role of Liver Biopsy in the Study of Vascular Disorders of the Liver
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“reverse nodularity” with hepatocellular nodules centered by portal tracts (Fig.1.1b). 
Secondarily, in some cases, portal tracts may be affected and fibrotic. However, all 
these features are not specific for BCS, being encountered in heart failure, constric-
tive pericarditis, and to a lesser extent in sinusoidal obstruction syndrome [9].

 Sinusoidal Obstruction Syndrome

Sinusoidal obstruction syndrome, also known as veno-occlusive disease (VOD), 
associates prominent sinusoidal dilatation, congestion and haemorrhage that poten-
tially lead to atrophy or necrosis of hepatocellular plates, with subintimal oedema 
affecting the sinusoids and the centrilobular vein. Over time, sinusoidal fibrosis in 
zone 3 and fibrous obliteration of small hepatic venules may be seen (Fig.1.1d). 
While SOS is described in well-known settings, including exposure to toxic agents 
of liver sinusoidal endothelial cells (typically pyrrolizidine alkaloids or oxaliplatin) 
and conditioning for hematopoietic stem cell transplantation, the lesions are not 
specific. In the context of chemotherapy-associated liver injury (CALI), a 

a

c d

b

Fig. 1.1 Centrilobular morphological elementary features. (a) Sinusoidal dilatation (Haematoxylin 
and eosin); (b) Fibrous obliteration of a large centrilobular vein (Haematoxylin and eosin); (c) 
Sinusoidal dilatation and congestion leading to cell plate atrophy (Haematoxylin and eosin); (d) 
Fibrous thickening of centrilobular vein associated with perisinusoidal fibrosis (red Sirius). VCL 
(centrilobular vein)

V. Paradis and P.-E. Rautou
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semi- quantitative scoring system to grade the intensity of lesions has been proposed 
according to the extent in lobular area according to a 4-grade scale [10].

 Sinusoidal Dilatation and Peliosis Hepatitis

Sinusoidal dilatation is defined by a sinusoidal lumen more than one liver cell plate 
wide, observed in several lobules. It is recognized as a nonspecific feature of 
impaired portal venous blood inflow, whatever its origin, or can be described in the 
context of severe systemic inflammatory reaction syndrome [7, 11]. Except in the 
presence of a “mosaic enhancement pattern” observed at CT or MR imaging after 
vascular enhancement, a diagnosis of sinusoidal dilatation may only be reached by 
liver biopsy [12]. The changes are usually observed in centrilobular areas.

By contrast to sinusoidal dilatation where the sinusoidal walls are intact, in peli-
osis, sinusoidal walls are focally ruptured leading to the random development within 
the lobule of cystically dilated spaces lined by hepatocytes and filled with blood 
cells [11]. Conditions associated with peliosis are various, ranging from infectious 
diseases (e.g. tuberculosis, HIV infection), hematological disorders (e.g. hairy cell 
leukemia, Hodgkin disease), and toxic injuries related to various agents (e.g. immu-
nosuppressive agents, anabolic steroids, oestrogens).

 Porto-sinusoidal Vascular Disease

The entity denominated “porto-sinusoidal vascular disease” (PSVD) has been 
recently introduced to include various pathologic entities called hepatoportal scle-
rosis, incomplete septal cirrhosis, non-cirrhotic portal fibrosis obliterative venopa-
thy, and nodular regenerative hyperplasia, and also clinical entities named idiopathic 
non-cirrhotic portal hypertension (INCPH) [3, 13–15]. Importantly, PSVD can be 
present in the absence of portal hypertension [16].

The definition of PVSD includes the absence of cirrhosis, the presence of histo-
logical lesions suggestive of this disease with or without portal hypertension [3]. 
Histological diagnosis is based on morphological features initially described as 
obliterative portal venopathy, nodular regenerative hyperplasia, and incomplete sep-
tal cirrhosis [17–19]. Morphologically, the most characteristic elementary features 
affect the portal and periportal areas. Definition and new nomenclature of these 
specific changes have been recently proposed in order to improve recognition and 
allow a better understanding on the pathophysiology of the disease [2]. Accordingly, 
they include portal stenosis (term recommended instead of phlebosclerosis), herni-
ated portal vein (term recommended instead of aberrant vessel), hypervascularised 
portal tract (term recommended instead of angiomatosis transformation), and peri-
portal abnormal vessels (term recommended instead of paraportal shunting) 
(Fig. 1.2). Table 1.1 recapitulates the main elementary morphological features with 

1 Role of Liver Biopsy in the Study of Vascular Disorders of the Liver
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their recommended terminology. These features may be associated with fibrous 
changes, characterized by the presence of incomplete, thin, perforated, and poorly 
cellular septa surrounding hepatocellular nodules without complete nodulation, 
recapitulating the morphological picture of incomplete septal cirrhosis.

Nodular regenerative hyperplasia (NRH) also belongs to the spectrum of the 
pathological changes of PSVD, resulting from a diffuse hyperplastic response of the 
liver parenchyma to vascular injury. It corresponds to a micronodular transforma-
tion of the liver with minimal or no parenchymal fibrosis [20, 21]. Macroscopically, 
NRH may be restricted to a part of the liver or affect the whole organ. Microscopically, 
numerous small nodules are observed, occasionally centered by portal tracts, 
throughout the liver without any associated fibrosis. On liver biopsy, the nodules are 
characterized by thickened cell plates in the center and thinned compressed cell 
plates, usually associated with sinusoidal dilatation at the periphery (Fig.  1.3). 
Although such features are much better highlighted on reticulin staining, the histo-
logical diagnosis of NRH remains challenging, especially for pathologists with lim-
ited experience in liver diseases [15].

The cardinal morphologic feature of PSVD is the absence of cirrhosis. 
Accordingly, the adequacy of the liver biopsy is a main issue. Although no specific 
studies have been designed to address such issue, a biopsy specimen at least a 20-mm 
in length with a minimum of 10 portal tracts is recommended [3]. As for other liver 
diseases, such cut-offs may appear arbitrary. Indeed, it is conceivable that the mini-
mal prerequisites (length and number of portal tracts) should differ according to the 
extent and severity of the disease. Thus, the biopsy can be considered adequate for 
interpretation and accurate for diagnosis by the pathologist even though the length 

a cb

Fig. 1.2 Portal morphological elementary features. (a) Portal vein narrowing (diameter smaller 
than interlobular bile duct), note the presence of sinusoidal dilatation (Haematoxylin and eosin); 
(b) Abnormal periportal vessels of small caliber with thin walls in a portal tract without patent 
portal vein (Haematoxylin and eosin); (c) Abnormal herniated portal vessels with increased num-
ber of arteries (haematoxylin and eosin)

V. Paradis and P.-E. Rautou
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biopsy is less than 20 mm and less than 10 portal tracts are included. This is of par-
ticular importance since the diagnosis of PSVD can be diagnosed in the absence of 
portal hypertension, and then relies mostly on liver biopsy [22]. Such a situation may 
account for around 20% of patients with “cryptogenic” liver disease [22, 16].

In addition to focusing on the morphological lesions suggestive of PVSD, the 
examination of the biopsy must pay attention to changes possibly related to other 
chronic liver diseases as they can co-exist with patients with PVSD. Importantly, 
PVSD changes have been increasingly recognized in patients with HIV and hema-
tological disorders [23, 24].

 Hepatocellular Nodules in VLD

Hepatocellular nodules may develop in the context of VLD, mostly resulting from 
the imbalance of portal and arterial blood blow. By contrast to other chronic liver 
diseases, hepatocellular nodules in VLD are usually benign proliferations, corre-
sponding most commonly to focal nodular hyperplasia, but also to hepatocellular 
adenomas [25, 26] (Fig.  1.4). The incidence of hepatocellular carcinoma varies 
among vascular liver diseases: in patients with BCS, the incidence of hepatocellular 
carcinoma is similar to cirrhosis, while it is rare in patients with PSVD or portal 
vein thrombosis. Chapter 15 is dedicated to the description of hepatocellular 

a c

d

b

Fig. 1.3 Regenerative nodular hyperplasia. (a, b) Low magnification showing several hepatocel-
lular nodules limited by thinned compressed cell plates without extensive fibrosis (a, Haematoxylin 
and eosin; b, reticulin); (c) At higher magnification hepatocellular nodule surrounded by thin 
plates and sinusoidal dilatation (reticulin)

1 Role of Liver Biopsy in the Study of Vascular Disorders of the Liver
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nodules. As a definitive diagnosis by imaging alone is difficult, biopsy of both the 
nodule and the non tumoral liver is frequently required.

 Indications of Liver Biopsy in Vascular Liver Diseases

Liver biopsy is still considered the “gold standard” for accurate diagnosis of liver 
diseases related to various origins as it provides “at a glance” a complete picture of 
the morphological lesions allowing to grade (based on activity) and stage (based on 
fibrosis) the disease. In the context of VLD, in addition to exclude advanced fibrosis 
or cirrhosis and any possible cause of chronic liver disease, liver biopsy is helpful 
for (1) the recognition of VLD, (2) the evaluation of the extent of lesions, and (3) the 
characterization of liver nodules if present. Nevertheless, given the random distribu-
tion of pathological features in most of types of VLD, a liver biopsy of sufficient 
length may show normal liver or subtle changes.

Indications of liver biopsy in VLD are listed in Table 1.2. Generally, in BCS liver 
biopsy is not indicated if evidence for hepatic venous outflow has been obtained by 
noninvasive imaging [27]. In portal vein thrombosis, liver biopsy is useful to 

a

c d

b

Fig. 1.4 Hepatocellular adenoma (HCA) developed in porto-sinusoidal vascular disease. (a–b) 
Low magnification of liver biopsy of non tumoral liver (NTL) and nodule: (a) NTL showing sev-
eral portal fibrous septa irregularly distributed and hepatocellular adenomas in two areas (encir-
cled) (red sirius); (b) Higher magnification of NTL showing incomplete portal tract without patent 
portal vein and sinusoidal dilatation (Haematoxylin and eosin); (c) LFABP immunostaining show-
ing the normal positivity in NTL contrasting with loss of expression in the nodule; (d) Higher 
magnification of the nodule showing well-differentiated proliferation of steatotic hepatocytes 
(Haematoxylin and eosin)

V. Paradis and P.-E. Rautou
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identify an underlying liver disease including cirrhosis or PSVD, when liver blood 
tests, liver stiffness or liver morphology are abnormal. Liver biopsy is required for 
the diagnosis of SOS even though some diagnostic features, such as fibrous oblitera-
tion of small hepatic venules, may be missed. Similarly, liver biopsy is an essential 
tool for the diagnosis of PSVD as no definite noninvasive tests are currently avail-
able. In addition of confirming the absence of cirrhosis, the liver biopsy may show 
at least one histological feature considered specific or not specific of PSVD depend-
ing on the presence of signs or portal hypertension [3]. While biopsy is mandatory 
for this diagnosis, it should be emphasized that PSVD may be difficult to establish 
as the morphological changes may be missed given the sampling variability and the 
uneven distribution of lesions.
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Chapter 2
Role of Imaging in the Study of Vascular 
Disorders of the Liver

Valérie Vilgrain, Pierre-Emmanuel Rautou, Maxime Ronot, 
and Dominique Valla

 Introduction

It is quite a challenge to explain the role of imaging in vascular disorders of the liver 
in one chapter as these diseases are multiple, with various causes and consequences. 
Attention has been paid to define the role of imaging for diagnosing, staging, and 
evaluating complications as well as explaining the role of Doppler ultrasound often 
used as first-line examination and CT or MRI.

 Anatomy and Microcirculation

The liver has a rich blood supply that is quite unique. Approximately 20%–25% of 
the cardiac output goes through the liver. It has a dual blood supply and receives 
roughly 25% of its blood from the hepatic artery (oxygen-rich blood at high pres-
sure) and the remaining 75% from the portal vein (nutrient-rich blood at low pres-
sure). There is no hepatic capillary network per se and both arterial and portal blood 
mix in fenestrated sinusoids. These two afferent vascular systems interconnect 
through trans-sinusoidal and transvasal communications as well as the peribiliary 
plexuses. From the sinusoids, blood flows into the central veins that drain in the 
hepatic veins and then in the inferior vena cava. The blood volume in the sinusoids 
is larger than that in the main vessels [1].
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Liver vasculature is characterized by changes and adaptive mechanisms. The 
most common are the following ones:

 – there is an arterioportal balance called the ‘hepatic buffer response’ character-
ized by a compensatory increase in arterial blood flow when portal supply 
decreases [2].

 – An arterial supply decrease is not associated with a compensatory increase in 
portal blood flow, but induces development of arterial collaterals either from 
other hepatic branches or extrahepatic arteries.

 – The development and progression of liver fibrosis to cirrhosis is associated with 
micro-architectural vascular changes and modified perfusion: sinusoids gradu-
ally convert into continuous non-fenestrated capillaries with an organized basal 
membrane containing laminin, an increase in vascular resistance and a decrease 
in portal perfusion, partly compensated by an increase in arterial perfusion and 
later by an overall decrease in global hepatic perfusion.

 – The dual blood inflow explains why liver infarction is very uncommon requiring 
impairment in both hepatic and portal venous flow.

Besides the hepatic arterial and the portal venous supply, small areas of the liver 
may be supplied by another venous system (called “third inflow”) that is composed 
of aberrant veins or normal veins that enter directly in the liver independently from 
the portal venous system. Most of these veins are the right gastric vein, the posterior 
duodenopancreatic arcade, the veins of Sappey, and or the vein of Burow. These 
veins can communicate with intrahepatic portal branches focally decreasing portal 
venous perfusion and therefore can be responsible for pseudolesions. These pseu-
dolesions are usually seen around the gallbladder fossa, around the falciform liga-
ment, close to the hilum mostly in segment 4, segment 1, and the left liver lobe [3]. 
Some of these lesions are fatty (focal fatty steatosis) or present with focal fatty 
sparing related to differences in the portal venous inflow [4].

 Imaging Modalities

Three imaging modalities are essential to diagnose vascular liver diseases: ultra-
sound (US), multiphasic CT and MRI.

Doppler US is usually the first-line modality for evaluating flow in liver vessels. 
It allows vessel exploration using B mode image to detect any abnormal hyperecho-
genicity that would be associated to clotting or tumoral obstruction and flow analy-
sis. Interestingly, each major vessel’s waveform is characteristic of the vascular 
system, sometimes referred to as its “signature” appearance. The normal hepatic 
arterial waveform is pulsatile, antegrade throughout the entire cardiac cycle with 
low resistive index. The hepatic venous waveform is triphasic alternating antegrade- 
retrograde flow, which is related to the cardiac cycle. While the majority of hepatic 
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venous blood flow is antegrade to get back to the heart, retrograde reflux is seen 
during the atrial contraction. This flow pulsatility is reduced or absent with signifi-
cant liver fibrosis or cirrhosis since the fibrotic parenchyma compresses the veins. 
The portal venous flow is antegrade (also called hepatopetal), gently undulated with 
low mean velocity [5].

In advanced chronic liver diseases, portal venous flow can be retrograde (hepa-
tofugal). Doppler US has many advantages. It is part of the routine liver US exami-
nations. It allows assessing flow direction easily. Yet, exploration of the extrahepatic 
portal venous system can be difficult and parenchymal liver consequences cannot be 
seen. The latter can be partially overcome by contrast-enhanced US.

Multiphasic CT is a highly suitable technique for vascular liver diseases. CT 
protocol should include at least two-phase (arterial and portal venous phase) evalu-
ation of liver parenchyma. On hepatic arterial phase, (20–30 s after the initiation of 
IV contrast material administration), aorta and hepatic arteries are enhanced while 
the liver shows minimal enhancement. On portal venous phase (60–80 s after the 
initiation of IV contrast material administration), the portal vein is strongly enhanced 
as well as the liver. Contrast material reaches hepatic veins. This multiphasic evalu-
ation allows detecting transient hepatic parenchymal enhancement, which helps 
identifying vascular anomalies. Hence, multiphasic CT is crucial in vascular liver 
diseases because it does not only show vessel patency but can also demonstrate 
alterations in the dynamics of hepatic blood flow [6].

MRI is a multiparametric imaging modality and there are several techniques that 
are useful to analyse liver vasculature [7]. The classical one is multiphasic contrast- 
enhanced MRI that acts as multiphasic CT analyzing both vessels and liver enhance-
ment. By using serial, high temporal resolution acquisition MRI can go beyond 
qualitative evaluation of contrast behaviour and quantify liver perfusion. Another 
technique is phase-contrast MRI sequences, which is routinely used in cardiovascu-
lar and brain. It can assess hepatic flow velocity with high spatial resolution. While 
these techniques can be implemented easily for portal venous hemodynamics, they 
are more challenging in smaller vessels such as hepatic arteries. Compared to CT, 
MRI has advantages because it can show vessel patency on unenhanced sequences 
(white-blood sequences or black-blood sequences) but the spatial resolution is infe-
rior to CT. Except for flow quantification, MRI is mostly performed in patients with 
impaired renal function.

 Focal Vascular Anomalies of the Liver

Focal liver lesions or pseudolesions related to anomalies of liver vasculature can be 
divided in two patterns: those that exhibit transient hepatic parenchymal enhance-
ment and those that do not.

2 Role of Imaging in the Study of Vascular Disorders of the Liver
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 Transient Hepatic Parenchymal Enhancement

Hyperenhancing pseudotumors on hepatic arterial phase may be misdiagnosed as 
true tumors and therefore should be recognized.

 Hepatic Arterioportal Shunts

Hepatic arterioportal shunts are communications between the hepatic artery and the 
portal venous system at different levels: transinusoidal, transvasal, or transtumoral 
and may be due to various causes, most commonly cirrhosis, tumors, inflammation, 
and trauma including liver biopsy [8]. Occlusion of the small hepatic venules and 
retrograde filling of portal flow by arterioportal anastomosis is the suggested mecha-
nism of hepatic arterioportal shunts in cirrhosis. Arterioportal shunts are seen as a 
transient increase in enhancement of the parenchyma during the arterial phase on 
contrast-enhanced CT or MR images with early enhancement of the corresponding 
portal vein branch (Fig. 2.1). Certain imaging features are highly suggestive of hepatic 
arterioportal shunts. First, increased hepatic parenchymal enhancement predominates 
on the periphery of the liver and is usually small and wedge-shaped with a straight 
margin corresponding to lobar, segmental, or subsegmental landmarks. Second, the 
altered parenchyma returns to normal or nearly normal during the portal venous and 
delayed phases, which is different from liver tumors and hepatocellular carcinoma in 
particular. Third, there is usually no focal abnormal signal intensity in the region of 
hyperenhancement on unenhanced T1- and T2-weighted MR images. Recognition of 
wedge-shaped enhancement is not always easy on axial CT or MR images and multi-
planar reconstruction images are helpful. However, hepatic arterioportal shunts may 
also be atypical with nodular enhancement and slightly hyperintense T2-weighted 
images [9, 10]. In difficult cases, gadoxetic acid–enhanced hepatocyte-phase MR 
imaging can help confirm the diagnosis of hepatic arterioportal shunts. Very few 
(5%–15%) are hypointense during the hepatocyte phase, and in these cases, the level 
of signal intensity is not as low as hepatocellular carcinoma [11, 12].

a b

Fig. 2.1 Arterioportal shunt. On contrast-enhanced CT the shunt appears as a transient increase in 
enhancement of the parenchyma during the arterial phase (a) and enhances as the adjacent liver on 
portal venous phase (b). Note the early enhancement of the corresponding portal vein branch on (a)
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 Subsegmental, Segmental or Lobar Portal Venous Thrombosis

Intrahepatic portal venous thrombosis is also associated with a transient increase in 
enhancement of the corresponding territory of hepatic parenchyma during the arte-
rial phase on contrast-enhanced CT or MR images. Conversely to hepatic arterio-
portal shunts, the portal vein branch within the hyperenhancement does not enhance 
and appears a linear hypoattenuation on portal venous phase (Fig. 2.2). On acute 
phase (up to 1 month after venous obstruction), clotting can be hyperattenuating on 
unenhanced CT. Features suggesting intraluminal venous invasion (mostly seen in 
hepatocellular carcinoma) are marked enlargement of the obstructed vein, enhance-
ment of the obstructed vein on hepatic arterial phase, and hypersignal on diffusion- 
weighted MRI [13].

Any cause of portal venous compression may cause transient increase in enhance-
ment of the liver. For instance, marked dilatation of intrahepatic bile ducts can com-
press intrahepatic portal branches and be responsible for perfusion disorders.

 Obstruction of the Superior Vena Cava

During chronic obstruction of the superior vena cava, collateral pathways develop 
to maintain venous drainage. In particular, the cavoportal collateral pathway diverts 
the flow from the superior vena cava to the portal vein on two different tracks: caval- 
superficial- umbilical-portal and caval-mammary-phrenic–hepatic capsular–portal 
[14]. These collaterals are clearly visualized on contrast-enhanced CT and MR 
images and may be associated with increased enhancement in the liver (a so-called 
“hot spot” on nuclear medicine images) mimicking hypervascular tumors. This 
increased enhancement of the liver can be seen in up to 29% of the patients with 
obstruction of the superior vena cava [15]. Besides visualization of the venous col-
laterals, the location of increased enhancement helps identify it as a vascular abnor-
mality because it is mainly found in the anterior part of segment 4 but can also be 
seen in the subdiaphragmatic portion of the liver [16].

a b

Fig. 2.2 Obstruction of the left portal branch. On contrast-enhanced CT there is a hyperenhance-
ment of the corresponding territory of hepatic parenchyma during the arterial phase (a). Conversely 
to hepatic arterioportal shunts, the portal vein branch does not enhance on portal venous phase (b)

2 Role of Imaging in the Study of Vascular Disorders of the Liver
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 Increased Hepatic Enhancement Around Liver Tumors

Hypervascular liver tumors may increase the hepatic arterial blood supply of the 
surrounding liver. On hepatic arterial phase, the hepatic parenchyma adjacent to the 
tumor shows transient increased enhancement compared to other liver segments. It 
may be seen in malignant tumors such as hepatocellular carcinoma, hypervascular 
liver metastases but also in benign hypervascular tumors such as focal nodular 
hyperplasia or rapidly-filling hemangioma (Fig. 2.3).

 Increased Hepatic Enhancement Related to Inflammation

Local inflammation can cause hyperemia with increase in hepatic artery inflow and 
decrease in portal venous inflow as in acute cholecystitis, cholangitis, and liver 
abscess. On CT or MR imaging, the liver next to the inflammation shows hyperen-
hancement on hepatic arterial phase and returns to normal on portal venous phase [6].

a

c

b

Fig. 2.3 Increased hepatic enhancement around rapid-filling hemangioma. On contrast-enhanced 
MRI during the arterial phase, there is an early enhancement of the lesion with increased hepatic 
enhancement around the hemangioma (a). On portal venous phase, the hemangioma is homoge-
neously hyperintense and the perfusion disorder is no longer seen (b). Typical strong hyperinten-
sity of the hemangioma on T2-weighted MR sequence (c)
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 Other Transient Hepatic Parenchymal Enhancement

Portal blood flow is reduced when there is increased pressure on hepatic paren-
chyma due to the low portal pressure. Ribs or diaphragm may compress the liver 
especially during deep inspiration. It is seen as a hypoattenuation area in the sub-
capsular region and has been reported in 14% of patients [17].

 Pseudolesions

Pseudolesion is defined as a focal mass-like finding seen only on imaging studies 
without real parenchymal change [18]. Pseudolesions related to vascular anomalies 
are usually seen in specific locations.

 Pseudolesions Around the Falciform Ligament

They have been described at CT, CT arterial portography, and MR imaging for 
years. They are seen in up to 20% at CT or MR imaging liver examinations [19, 20]. 
Visualization is best on portal venous phase images. They appear as a focal low 
attenuation or signal intensity on CT or MR images and can also be identified at the 
arterial phase. Initially thought to be due to focal fat, these pseudolesions are prob-
ably related to anomalous venous drainage [20]. Moreover, an inferior vein of 
Sappey (which drains venous blood flow from the anterior part of the abdominal 
wall into the liver) is often encountered in these pseudolesions [19].

 Pseudolesion Adjacent to the Hilum

A focal liver lesion located in the posterior part of segment 4 or the left liver lobe 
suggests focal fatty sparing or focal steatosis. They are explained by abnormal venous 
supply coming not from the portal vein itself, but portal venous tributaries [4, 21–24]. 
When aberrant right gastric vein (with low insulin concentration) drains directly into 
a liver segment it may result in focal fatty sparing in an otherwise fatty liver (Fig. 2.4). 
Conversely, when aberrant duodenopancreatic arcade (with high insulin concentra-
tion) drains directly into the liver, it may result in focal fatty steatosis.

 Pseudolesions Around the Gallbladder

In patients with steatosis, focal fatty sparing may be seen around the gallbladder 
fossa in segments 4 and 5. Interestingly, these pseudolesions are much more fre-
quent in patients with an intact gallbladder than in those who have undergone cho-
lecystectomy (78% vs. 33%) [25]. Focal fatty sparing around the gallbladder is also 
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probably related to venous drainage because there are almost always small cystic 
veins (with low insulin concentration) that drain directly into the liver and are inter-
rupted by cholecystectomy.

 Diffuse Vascular Liver Diseases

Most diffuse vascular liver diseases are due to venous impairment—either portal 
vein or hepatic veins—rather than anomalous hepatic arteries.

 Extrahepatic Portal Vein Thrombosis

Although local inflammatory diseases may induce portal vein thrombosis, most 
cases are related to coagulation disorders, myeloproliferative diseases, or cirrhosis. 
Imaging is important because clinical symptoms are not specific. Ultrasound 

a

c

b

Fig. 2.4 Focal fatty sparing in an otherwise fatty liver. In—(a) and opposed (b) phase T1-weighted 
MR sequence showing drop in signal intensity of the liver indicating steatosis. The posterior part 
of segment 4 does not contain fat due to its abnormal venous supply coming not from the portal 
vein itself but from aberrant right gastric vein seen on portal venous phase (c)
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typically demonstrates absence of flow within the vessel. CT or MRI shows lack of 
enhancement within the vessel. As above discussed for intrahepatic portal venous 
obstruction, recent clotting may appear as hyperattenuating on unenhanced CT 
(Fig. 2.5). Imaging is also important to grade the venous obstruction (complete vs. 
incomplete), and to assess its length (portal vein only or extensive with obstruction 
of branches and/or tributaries). In patients with complete obstrution of the superior 
mesenteric vein and/or splenic vein, radiologists should carefully analyze the small 
bowel enhancement as well as look for splenic infarcts.

If acute complete extrahepatic portal vein obstruction does not resolve (with or 
without anticoagulation), small collateral veins rapidly develop in the porta hepatis 
to maintain portal blood to the liver. These veins are known as cavernous transfor-
mation of the portal vein or portal cavernoma. They appear in the first days after 

a

c

b

Fig. 2.5 Extrahepatic portal vein thrombosis. Acute onset (a and b). Unenhanced CT (a) showing 
spontaneous hyperattenuation indicating recent clotting. On portal venous phase, (b) no enhance-
ment is seen within the portal vein. Differences in liver enhancement are seen on multiphasic CT 
corresponding to the portal deprivation in liver segments remote from the hilum and consequent 
increased arterial inflow. Several months later, the portal cavernoma has developed and is mainly 
observed around the common bile duct (c)
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vessel occlusion, and grow over time. They are well depicted on ultrasound showing 
multiple vessels in the hepatoduodenal ligament. On Doppler US, they show portal 
venous flow patterns. On contrast-enhanced CT or MRI, portal cavernoma is best 
seen on portal venous phase. It typically develops around the common bile duct and 
the gallbladder. Sometimes, portal cavernoma is more difficult to diagnose due to 
pseudotumorous appearance.

Besides the direct signs of venous obstruction and venous collaterals, differences 
in liver enhancement are seen on multiphasic CT or MRI. On hepatic arterial phase, 
the liver segments close to the hilum normally enhance because the portal blood 
flow is maintained while the liver segments remote from the hilum (right liver seg-
ments and left liver lobe) have reduced portal venous flow and show hyperenhance-
ment that disappears on portal and delayed phases.

In chronic complete extrahepatic portal vein thrombosis, morphologic changes of 
the liver may mimic cirrhosis: atrophy of the right liver, hypertrophy of segment 1, and 
signs or portal hypertension. However, the atrophy-hypertrophy complex is peculiar 
because the hypertrophy is central (segment 1 and 4) and is explained by the different 
inflows [26]. As portal cavernoma is mostly developed around the common bile duct, 
intrahepatic bile duct dilatation along with cholestasis may be seen with downstream 
strictures caused by portal cavernoma. This frequent complication is called portal cav-
ernoma cholangiopathy or portal biliopathy. Biliary symptoms such as pruritus, and 
rarely jaundice are seen in patients with biliary stenosis and dilation on MRCP [27]. It 
seems that portal cavernoma cholangiopathy develops and stabilises early after portal 
vein thrombosis [28].

 Budd-Chiari Syndrome

Budd-Chiari Syndrome (BCS) is defined by clinical and laboratory signs associated 
with partial or complete impairment of hepatic venous drainage. Primary BCS is the 
most common type and is a complication of hypercoagulable states, in particular 
myeloproliferative neoplasms. BCS may have several clinical presentations: acute, 
chronic, the latter being the most common. Imaging is key for the diagnosis com-
bining direct signs of venous obstruction and indirect ones such as morphologic 
changes or portal hypertension. Ultrasound is particularly hepful for direct signs of 
venous involvement while contrast-enhanced CT or MRI is very accurate for hepatic 
consequences and nodule characterization. Angiography is no longer performed for 
diagnostic purposes but is indeed the first step before endovascular treatment.

In acute BCS, obstructed hepatic veins or IVC are enlarged. At the site of the 
obstruction, the veins appear hyperechoic and do not enhance on CT or MRI or 
appear stenotic. Although rare, acute hepatic venous thrombosis may be seen as 
hyperattenuation on unenhanced CT. Upstream to the obstruction, hepatic venous 
flow patterns are variable either stagnant or inverted on Doppler US. Venous col-
laterals that drain flow from obstructed veins to patent veins may not be seen at that 
stage. The liver is enlarged and heterogeneous on multiphasic CT or 
MRI. Enhancement of the obstructed liver parenchyma is reduced and delayed due 
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to congestion contrasting with the non obstructed segments such as the segment 1, 
whose hepatic venous flow is usually preserved [29] (Fig. 2.6). Perfusion anomalies 
often predominate at the periphery of the liver, defining the zonal enhancement. 
MRI is useful because it allows sequence acquisition in various planes such as coro-
nal ones that best show IVC and non-contrast sequences that can easily depict vessel 
obstruction as already referred as black-blood and white-blood sequences.

In chronic BCS, imaging findings are different. Obstructed hepatic veins are no 
longer visible or are seen as fibrous cords. The major vascular feature and the most 
sensitive one is the development of collateral network that can be seen both intra- 
and extrahepatically [30]. They can drain the hepatic venous flow into another 
hepatic vein, directly into the IVC, in other veins such as right adrenal vein or pass 
directly through the diaphragm to reach the right atrium. These venous collaterals 
are easily recognized because they are tortuous, have irregular shape and are more 
horizontal-oriented than the normal hepatic veins. On Doppler US, their flow is vari-
able: continuous pseudoportal or triphasic. Although they are very specific of BCS, 
they have been described in other conditions such as portosinusoidal disease [31]. 
Hepatic changes associated with chronic BCS are prominent. First, morphologic 
changes, which show marked atrophy-hypertrophy consistent with obstructed/non 

a

c

b

Fig. 2.6 Subacute Budd-Chiari syndrome. On multiphasic contrast-enhanced CT differences in 
liver enhancement are minimal on arterial—(a) and delayed phases (c) while they are prominent 
on portal venous phase (b) with reduced enhancement of the obstructed liver parenchyma due to 
congestion contrasting with the non obstructed segments such as the segment 1, whose hepatic 
venous flow is usually preserved
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obstructed liver segments. Indeed, segment 1 is enlarged in most cases and hepatic 
veins draining the segment 1 are often dilated (>3 mm) but these features are not 
specific. Second, liver enhancement often has a “mosaic” enhancement pattern that 
is a reticulated enhancement on arterial/portal venous enhancement followed by 
homogeneous liver enhancement on delayed phase.

Other imaging findings may be seen, some related to portal hypertension: porto-
caval varices, splenomegaly, the latter being also related to myeloproliferative dis-
orders, and ascites; liver nodules that will be described later; and portal vein 
thrombosis (reported in about 15% of BCS) [32].

Secondary BCS is another entity usually caused by vascular compression (cyst, 
benign solid tumor…) or invasion by intrahepatic tumor (hepatocellular carcinoma 
in particular) or extrahepatic ones mostly originating from the kidney, adrenal, and 
IVC. Visualization of a tumor helps make the proper diagnosis.

Imaging is also extremely important to plan and monitor transjugular intrahe-
patic portosystemic shunt.

 Other Causes of Sinusoidal Dilatation

One important imaging finding of BCS is the “mosaic pattern” that is related to 
sinusoidal dilatation. It presents with a reticular enhancement of the liver seen on 
late arterial phase or portal venous phase. On hepatobiliary phase, sinusoidal dilata-
tion is characterized by a reticular hypointense appearance of the liver.

Yet, this finding is not specific of BCS as any obstruction of venous outflow 
obstruction between the heart and the sinusoids causes congestion of the vessels 
such as pericardial diseases, epicardial adipose tissue hypertrophy, heart failure, and 
patients who received Fontan procedure [33]. Conversely to BCS, hepatic veins are 
patent and often dilated, as well as the IVC.

Non obstructive sinusoidal dilatation can be also seen in non-hepatic acute 
inflammatory disease such as pyelonephritis, cholecystitis, pneumonia, pancreatitis, 
and inflammatory bowel disease as well as in chronic conditions. On imaging, the 
mosaic appearance seen on contrast-enhanced CT or MRI disappears when inflam-
mation resolves.

Oral contraceptives are also associated with hepatic sinusoidal dilatation.

 Sinusoidal Obstruction Syndrome

Sinusoidal obstruction syndrome (SOS) is an endothelial sinusoidal damage often 
related to cytoreductive therapy prior to hematopoietic stem cell transplantation, 
several drugs including platin-based chemotherapy. On contrast-enhanced CT or 
MRI, liver enhancement is heterogeneous with or without mosaic appearance. SOS 
is more evident on hepatobiliary phase with a reticular hypointense pattern that 
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correlates well with pathologic grades. Yet, nodular regenerative hyperplasia that is 
associated with the most severe grade of SOS is usually not seen on imaging. 
Elastography-based ultrasound has been reported useful in this indication [34].

Peliosis hepatis is characterized by multiple blood-filled cystic lesions at the 
level of the sinusoids, randomly distributed throughout the lobule, with loss of 
endothelium. Many conditions may lead to peliosis: hematological diseases, infec-
tious disorders. Imaging features show tumor-like lesions with variable enhance-
ment on multiphasic CT or MRI [35]. Most lesions are strongly hyperintense on 
T2-weighted MR sequences.

 Portosinusoidal Disease

Portosinusoidal disease is a recently described entity based on the absence of cir-
rhosis together with signs of portal hypertension and/or histological lesions charac-
teristic for this disease. It comprises the diseases previously known as obliterative 
venopathy, nodular regenerative hyperplasia or incomplete septal cirrhosis [36]. 
This disease involves the portal venules and/or the sinusoids.

Imaging findings may include common features of portal hypertension, namely 
splenomegaly and porto-systemic collaterals and no classical morphologic changes 
of the liver seen in cirrhosis, although the disease is not necessarily associated with 
portal hypertension. Liver surface is ususally smooth. The striking imaging features 
are intrahepatic portal vein abnormalities consisting of a reduced caliber, occlusive 
thrombosis, or and lack of visibility (Fig.  2.7) [37]. Interestingly, liver stiffness 
values are much lower than the cut-offs for clinically significant portal hypertension 
in cirrhosis, and spleen to liver stiffness ratio is higher than in other chronic liver 
diseases.

a b

Fig. 2.7 Portosinusoidal disease. Contrast-enhanced CT during portal venous phase shows intra-
hepatic portal vein abnormalities consisting of a reduced caliber and signs of portal hypertension 
(a). On coronal view (b), differences in liver enhancement are explained by reduced portal venous 
flow in the periphery of the liver
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 Congenital Portosystemic Shunts

Congenital portosystemic shunts are rare vascular malformations that create an 
abnormal connection between portal and systemic veins. They can be located intra- 
or extrahepatically. Then portal vein flow is completely or partially diverted into the 
systemic venous system. According to the type and the amount of portal flow diver-
sion, it can be diagnosed prenatal, in childhood or in adult patients [38]. Several 
classifications exist, regarding extrahepatic shunts, the Abernethy classification is a 
well-known one: type I (end-to-side), and type II (side-to-side). The presence of 
remnant hepatopetal portal venous flow is essential to assess.

Imaging is important to diagnose congenital portosystemic shunts and to stage 
the shunt as surgical closure or interventional radiology play an important role to 
restore portal venous flow. Ultrasound is often the first imaging modality that shows 
communication between the two venous systems. Precise mapping is obtained on 
contrast-enhanced CT or MRI showing the type of communication, the afferent 
vein, the efferent vein. Major portal deprivation often causes the development of 
liver nodules that could disappear after shunt occlusion. When treatment is indi-
cated, angiography with occlusion test is the first step especially when intrahepatic 
portal branches are not visible before the procedure as they can appear during occlu-
sion test.

 Hereditary Hemorrhagic Telangiectasia

Hereditary hemorrhagic telangiectasia (HHT) or Rendu–Osler–Weber disease is an 
autosomal dominant disorder characterized by widespread cutaneous, mucosal, and 
visceral telangiectasias. The primary lesion of HHT is the telangiectasia, arising 
from the dilation of a postcapillary venule that fuses directly with an arteriole, 
bypassing the capillary vessels [39]. The diagnosis is based on the Curacao criteria. 
Liver vascular malformations are found in 41–74% of HHT. Liver involvement is 
more frequent in the HHT2 genotype than in the HHT1 genotype and is seen more 
commonly in women than men. Liver vascular malformations are variable from 
small telangiectasias to large shunting and any type of shunting can be seen (hepatic 
artery to portal vein, hepatic artery to hepatic vein and/or portal vein to hepatic 
vein). The most important clinical findings are highoutput cardiac failure, portal 
hypertension, encephalopathy, biliary ischemia, and mesenteric ischemia. Liver 
regeneration can induce nodular regenerative hyperplasia and/or focal nodular 
hyperplasia. On Doppler US, the diagnoses relies on the combination of dilated 
hepatic arteries (common hepatic artery >7 mm and intrahepatic arterial hypervas-
cularization) and anomalous flow patterns in hepatic artery, portal vein (pulsatility), 
and or hepatic veins (biphasic or continuous patterns) [40, 41].

On contrast-enhanced CT or MRI, one key imaging finding is the prominent 
hepatic artery possibly associated with dilated hepatic and/or portal veins (Fig. 2.8). 
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The multiphasic analysis allows recognition of liver shunting. They also both ana-
lyze the signs of portal hypertension and look for the biliary complications (isch-
emic cholangitis and bilomas) induced by the blood flow steal through arteriovenous 
shunting. Angiography is no longer a diagnostic tool and should be performed only 
if embolization of vascular malformations is scheduled. As this procedure is com-
plex and risky in those patients, decision has to be taken by expert multidisci-
plinary team.

 Liver Cirrhosis

Liver cirrhosis is known to alter normal hepatic blood flow dynamics, resulting in 
increased arterial flow and decreased portal venous flow to the liver as well as dis-
tortion of hepatic veins. On imaging, the hepatic artery is frequently enlarged and 
tortuous, and Doppler US can easily demonstrate increased flow. Arterioportal 
shunts (described earlier) are also quite common. Hepatic veins decrease in size 
with the severity of fibrosis and their flow is less modulated by the cardiac cycle.

 Thrombosis, Stenosis, Dissection of the Hepatic Artery

Acute thrombosis of hepatic artery is generally induced by surgical or radiologic 
interventions. In most cases, there are no consequences owing to the rich and exten-
sive collateral arterial supply from other hepatic branches, celiac artery, or extrahe-
patic arteries. It is completely different in transplanted livers as the arterial supply 
cannot develop immediately after liver transplantation. This is why serial Doppler 
US is systematically performed after liver transplantation. On Doppler US, this 
complication is suspected when no flow can be recorded within the hepatic artery or 

a b

Fig. 2.8 Hereditary hemorrhagic telangiectasia. Contrast-enhanced CT during arterial phase 
shows dilated hepatic arteries and arteriovenous shunts (with early enhancement of hepatic veins) 
(a). Telangiectasias are well seen on coronal image (b)
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when reduced resistive index (<0.50) is associated with long systolic acceleration 
time (>80 ms). Specificity is improved when the tardus parvus pattern is combined 
with a peak systolic velocity less than or equal to 48 cm/s [42].

Hepatic artery dissection is rare and favored by surgical or radiologic interven-
tions. On contrast enhanced CT or MRI, the hepatic artery is enlarged with a linear 
low-attenuated filling defect within the lumen [43].

 Hepatic artery Aneurysm

The hepatic artery is the second most common visceral artery for the development 
of aneurysms, after the splenic artery [44]. Hepatic aneurysm formation is rarely 
due to atherosclerosis and other diseases such segmental arterial mediolysis, and 
vasculitis should be searched. It can also be iatrogenic (intervention radiology, liver 
transplantation) or inflammatory. On Doppler US, the hepatic artery appears focally 
enlarged. Contrast-enhanced CT or MRI is useful to define the extent of the 
aneurysm.

 Portal Vein Aneurysm

Portal vein aneurysms are uncommon and account for only 3% of all venous aneu-
rysms [43]. They may be congenital or acquired, cirrhosis, trauma, portal hyperten-
sion, surgery, and pancreatitis being the most common causes. On imaging, they 
appear as a focal dilatation of the portal vein containing turbulent flow.

 Nodules Associated with Liver Diseases

Many vascular liver disorders can induce hepatocellular tumors. They may be 
related to portal venous deprivation, venous outflow obstruction or arterial diseases. 
Their common feature is an imbalance between hepatic arterial and portal venous 
blood flow leading to an increased hepatic arterial inflow. The vascular liver disor-
ders that commonly develop hepatocellular nodules are BCS, congenital portosys-
temic shunt, and hereditary hemorrhagic telangiectasia [45]. Liver lesions can also 
be seen in cavernous transformation of the portal vein, portosinusoidal disease, con-
genital hepatic fibrosis, and sinusoidal obstruction syndrome [46]. Focal nodular 
hyperplasia-like lesions are the most common (Fig. 2.9) but other benign tumors 
may also be found including focal nodular regenerative hyperplasia and hepatocel-
lular adenomas. Imaging and especially MRI plays a major role in the diagnosis, 
which diagnosis can still be more difficult than in normal livers. A histopathological 
examination may be required. The size and number of these benign lesions may 
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increase over time making the diagnosis often difficult. Hepatocellular carcinoma is 
rare except in patients with BCS or following a Fontan procedure [45].

In conclusion, Doppler US, CT and MRI are essential to diagnose vascular dis-
orders of the liver. They allow proper diagnosis, which is often difficult clinically as 
clinical symptoms are non specific. They are also helpful to define the extent of the 
disease, evaluate the complications and choose the optimal treatment. Image inter-
pretation may be difficult and often requires expertise. As in oncology, expert mul-
tidisciplinary board provides the best patient management.
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Chapter 3
Hepatic Artery Occlusion and Ischemic 
Cholangiopathy

Pierre Deltenre

 Pathophysiology

The anatomy of the blood vessel systems that serve the liver and bile ducts provides 
clues to understanding the pathophysiology of ischemic cholangiopathy. About half 
of the blood carried by the hepatic artery is destined to the biliary tree. The other 
half is distributed to the liver capsule, the vasa vasora, and to hepatic venous tracts 
[1, 2]. The intrahepatic arteries run close to the bile ducts. The arterial supply to the 
bile ducts also comes from retroduodenal and retroportal arteries [2, 3]. The termi-
nal small branches of these arteries resolve into a rich microvascular network sur-
rounding the bile ducts, the peribiliary plexus, which drains into venules joining the 
intrahepatic portal system.

The exclusive arterial supply of the biliary system contrasts with the dual blood 
supply of the hepatic parenchyma coming from hepatic arteries and portal vein [1, 
2, 4]. This anatomical particularity explains why hepatic artery occlusion mainly 
affects the bile ducts. In theory, any kind of injury to the hepatic artery may cause 
ischemic damage to the bile ducts. However, outside the transplant setting, occlu-
sion of the main hepatic artery rarely causes ischemic damage to the biliary tree [2]. 
This is due to the fact that, in normal conditions, a number of compensatory mecha-
nisms exist or develop in cases of proximal blockade of the hepatic artery. First, 
numerous small arterial branches coming from splanchnic and non-splanchnic 
arteries enter the liver through its surface. These may serve as a compensatory 
mechanism in case of main hepatic artery occlusion [2]. Second, blood may be sup-
plied in a retrograde manner from the portal venous system. This is supported by the 
observation that retrograde bleeding from the donor hepatic artery occurs after 
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portal reperfusion during liver transplantation [5]. Third, rapid development of arte-
rial collaterals can be observed as early as 10–15 h after hepatic artery ligation [6–
9]. By contrast, distal blockade of hepatic arteries is usually followed by bile duct 
injury. Numerous animal and human data indicate that embolization of small parti-
cles (<200 μm) may be responsible for ischemic damage to the bile ducts [2]. In 
addition to the blockade of small hepatic arteries that feed the peribiliary plexus, 
these particles may also suppress arterioportal shunts which constitute another com-
pensatory mechanism for bile duct oxygenation [10].

 Conditions Associated with Injury of the Arterial Blood 
Supply of the Bile Ducts Susceptible to Induce 
Ischemic Cholangiopathy

Conditions associated with injury of the arterial blood supply of bile ducts suscep-
tible to induced ischemic damage have been extensively reviewed elsewhere [2]. 
They can be divided into two groups according to the degree of evidence that isch-
emia is the pathophysiological mechanism leading to bile duct injury (Table 3.1).

 Conditions Associated with Definite Ischemic Cholangiopathy

Conditions associated with definite ischemic cholangiopathy include diseases in 
which primary lesions of the blood vessels supplying the bile ducts have been dem-
onstrated. This group includes liver transplantation [11–15], hepatic arterial 

Table 3.1 Conditions associated with injury of the arterial blood supply susceptible to induced 
ischemic cholangiopathy

Conditions associated with 
definite ischemic cholangiopathy

Conditions associated with possible ischemic 
cholangiopathy

Liver transplantation Post-cholecystectomy biliary strictures
Hepatic arterial chemotherapy 
infusion, embolization or 
chemoembolization of toxic 
agents

Systemic diseases with microvascular involvement (sickle 
cell disease, Kawasaki disease, Schönlein-Henoch purpura, 
systemic lupus, antiphospholipid syndrome, paroxysmal 
nocturnal hemoglobinuria, hypereosinophilic syndrome)

Acquired immune deficiency 
syndrome

Cholangiopathy occurring after prolonged intensive care

Hereditary hemorrhagic 
telangiectasia
Radiotherapy on main bile duct 
area
Polyarteritis nodosa
Atherosclerosis associated with 
cholesterol-crystal embolism
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chemotherapy infusion, embolization or chemoembolization of toxic agents [16–
20], acquired immune deficiency syndrome (AIDS) [21–26], hereditary hemor-
rhagic telangiectasia [27–29], radiotherapy on the main bile duct area [30, 31], 
polyarteritis nodosa [32–34], and arteriosclerosis associated with cholesterol-crys-
tal embolism [35–37]. The ischemic process of AIDS-related cholangiopathy is 
supported by the observation of CMV inclusions in arterioles close to bile ducts, 
which may induce vasculitis. All these conditions are characterized by the presence 
of focal or diffuse abnormalities of the bile ducts that cannot be explained by other 
causes, as well as by the presence of primary lesions of the blood vessels supplying 
the bile ducts.

Liver transplantation is the condition in which ischemic cholangiopathy has been 
most extensively described. It occurs in 2% to 30% of transplanted patients [11–13, 
38–40]. The incidence of ischemic biliary lesion following liver transplantation is 
higher in cases where donation followed circulatory death than in cases where dona-
tion followed brain death [41–46]. In the former, the length of time during which 
bile ducts are exposed to ischemia is higher, and incidence rates of biliary complica-
tions up to 50% have been reported in the transplanted liver. The most severe forms 
of ischemic cholangiopathy have been observed in cases of early and acute throm-
bosis of the hepatic artery because the interruption of the arterial blood flow coming 
from the hepatic artery occurs too quickly to allow the development of arterial col-
laterals before the development of bile duct lesions. This condition is often associ-
ated with severe bile duct damage including bile duct necrosis and biliary casts [14, 
15]. On the other hand, when hepatic artery thrombosis occurs progressively, hepatic 
collaterals may develop and protect patients against re-transplantation [47, 48]. A 
number of additional features explain why bile ducts are susceptible to ischemic 
injury after liver transplantation. First, the donor biliary tree may be injured during 
the preservation and reperfusion process, which may induce ischemic and throm-
botic lesions [5]. Lesions occurring during preservation and reperfusion can be 
mediated by immune reactions as well since the frequency of these lesions is 
increased when an ABO incompatible graft is transplanted [5, 49–51]. Both IgM 
and C1q have been observed in the endothelium of the hepatic artery of ABO 
incompatible grafts suggesting that ABH antigens could be expressed on the endo-
thelia of the transplanted liver [52]. Thus, the immunological process related to 
ABO incompatibility may induce vascular injury resulting in ischemic lesions of 
the biliary tree. Second, the biliary tree is even more susceptible to ischemia in 
transplanted patients than in non-transplanted patients because the transplanted 
liver has been devascularized from all hepatic arteries entering the liver through 
capsule, which interrupts possible pathways for collateralization [2]. Third, CMV 
infection is likely responsible for ischemic damage to bile duct epithelia as CMV 
DNA has been found to be expressed in endothelial cells of small arteries near bile 
duct lesions [53]. Furthermore, CMV infection has been associated with late hepatic 
artery thrombosis [54]. Thus, different processes for arterial injury can combine, 
resulting in bile duct damage following liver transplantation, strongly suggesting 
that ischemia is the main pathophysiological mechanism responsible for bile duct 
lesions after liver transplantation.

3 Hepatic Artery Occlusion and Ischemic Cholangiopathy
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The mechanisms implicated in other conditions associated with definite ischemic 
cholangiopathy have been reviewed in detail elsewhere [2].

 Conditions Associated with Possible Ischemic Cholangiopathy

Conditions associated with possible ischemic cholangiopathy comprise diseases in 
which biliary involvement due to microvascular injury is plausible but not proven. 
This group includes post-cholecystectomy strictures [55–58], systemic diseases with 
microvascular involvement such as sickle cell disease [59], Kawasaki disease [60], 
Schönlein-Henoch purpura [61], systemic lupus [62–65], antiphospholipid syndrome 
[66], paroxysmal nocturnal hemoglobinuria [67], hypereosinophilic syndrome [68], 
and cholangiopathy occurring after a prolonged stay in intensive care [69–73]. In 
these conditions, lesions of the vessels providing blood to the bile ducts have not 
been reported. However, most of these conditions are characterized by several patho-
physiological mechanisms that may induce ischemia or damage to small hepatic 
arteries and, thus, blood deprivation to the bile ducts leading to ischemic lesions.

Cholangiopathy occurring after a prolonged stay in intensive care has been iden-
tified only in recent years. One reason why cholangiopathy occurring after a pro-
longed stay in intensive care is increasingly recognized is probably related to the 
more frequent use of aggressive reanimation techniques in more compromised 
patients that survive long enough to develop ischemic bile duct lesions. Although 
other mechanisms may explain bile duct damage, several lines of evidence indicate 
that ischemia plays an important role in bile duct lesions. First, severe hemodynamic 
instability that compromises the blood supply to many organs has been observed in 
most of the patients with this condition [73]. Second, all patients received high 
doses of vasopressors which reduces splanchnic blood flow [73, 74]. Third, most of 
the patients experienced a long duration of mechanical ventilation, often with the 
need for an inspired oxygen fraction greater than 80% and with lung protective 
mechanical ventilation (low tidal volume, prone positioning, high positive end-expi-
ratory pressure), which may further decrease splanchnic blood flow [70, 74].

Cholangiopathy occurring after a prolonged stay in intensive care usually has a 
poor prognosis (see below). Most patients have rapid progression to cirrhosis overs 
weeks or months and a significant proportion of them die during the intensive care 
stay [75]. However, patients surviving beyond the intensive care period may have 
few or no symptoms. In a recent series of 16 critically ill patients surviving beyond 
the intensive care period, most patients had jaundice but other had only cholestasis 
without jaundice or even normal liver tests, which suggests that this type of cholan-
giopathy may still be underrecognized [76].

When a liver biopsy is performed, morphological changes are usually nonspecific 
and include peribiliary inflammatory infiltrates and cholestatic features with or with-
out fibrosis or cirrhosis. Overall, these findings are suggestive of biliary obstruction 
but they are not indicative of an ischemic injury as occlusion of small hepatic arteries 
has usually not been observed. In a single case, the arteries supplying damaged bile 
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ducts showed sclerosing arteriopathy with intimal fibrous thickening and narrowing 
of the lumina [70]. This observation brings additional evidence that a conjunction of 
features susceptible to compromise arterial blood supply to the bile ducts may induce 
bile duct ischemic damage during a prolonged stay in intensive care.

The mechanisms implicated in other conditions associated with possible isch-
emic cholangiopathy have been reviewed in detail elsewhere [2].

 Clinical, Laboratory, Radiological, and Histological Findings 
Associated with Ischemic Cholangiopathy

Manifestations of ischemic cholangiopathy are closely related to the speed and the 
extent of hepatic arterial involvement and to the stage of the disease [38]. In the 
acute stage, bile duct necrosis and biliary casts are frequently observed. Clinical 
manifestations include pain, fever, and jaundice, with or without signs of bacterial 
cholangitis or multi-organ failure. At this stage, laboratory examinations show fea-
tures of cholestasis and/or sepsis, and radiological findings show intra-hepatic 
defects due to biliary casts, dilated bile ducts, and/or biloma corresponding to col-
lections of necrotic bile-stained material (Fig. 3.1).

Latter stages are characterized by biliary strictures responsible for jaundice, itch-
ing, or bacterial cholangitis. Some patients may be pauci-symptomatic or even 
asymptomatic. If biliary obstruction persists, secondary biliary cirrhosis may occur. 
Laboratory findings are consistent with bile duct obstruction and radiological find-
ings include diffuse and/or multiple stenosis of the bile duct, often localized to the 
middle third of the common bile duct or to the biliary confluence, the parts of the 
biliary tree most vulnerable to ischemic damage (Fig. 3.2) [77–79].

When a histological examination is performed, desquamation of the necrotic epi-
thelium may be observed at the acute stage, as well as biliary casts, bilioma and, in 
case of abrupt interruption of the arterial blood flow, necrosis of the bile duct wall. 
At latter stages, features associated with bile duct obstruction, ductopenia, and/or 
biliary fibrosis or cirrhosis can be seen. Due to the heterogeneous distribution of the 
lesions, a liver biopsy often fails to sample tissues where lesions of arterial blood 
vessels supplying the bile ducts are located [38]. On some occasions, damage of 
small arteries located near bile duct lesions provide evidence to support the isch-
emic pathophysiological mechanism of the bile duct injury.

 Differential Diagnosis

Ischemic cholangiopathy should be differentiated from cholestasis occurring during 
ischemic conditions [80–83]. In this circumstance, expression of hepatocellular 
transporters for biliary compounds is reduced in the absence of bile duct lesions. 
The differential diagnosis between impaired bile formation during ischemic 
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conditions and ischemic cholangiopathy is usually not a matter of concern with the 
exception of unstable circulatory states that require high doses of catecholamines in 
patients with prolonged stays in intensive care in which both diseases may be 
encountered. In this situation, imaging of the bile ducts using magnetic resonance 
cholangiopancreatography can lead to the right diagnosis.

For patients presenting with bile duct stenosis, differential diagnosis should be 
made for primary sclerosing cholangitis, IgG4 cholangiopathy, and cholangiocarci-
noma [38]. If the diagnosis is quite easy in the context of a disease that is known to 
cause injury to bile duct vessels, it may be much more difficult in the absence of 
such a context. Of note, biliary casts have not been reported in cases of primary bili-
ary sclerosis and in IgG4 cholangiopathy [71, 72]. When biliary lesions only consist 
of strictures, the localization of bile duct lesions to the middle third of the common 
bile duct or on the biliary confluence is an argument suggesting the ischemic nature 
of the bile duct injury. Aside from bile duct lesions, imaging techniques allow for 
the identification of thrombosis of the main hepatic arteries, which should always be 
looked at in liver-transplant recipients, although a patent artery does not rule out the 

a

c

b

Fig. 3.1 Biliary casts. (a) Typical appearance on endoscopic retrograde cholangiopancreatogra-
phy in a patient with ischemic cholangiopathy following liver transplantation. Filling defects 
(white arrow) can be seen in dilated bile ducts, with mildly irregular margins. (b) Gross appearance 
at sectioning in an excised liver. Solid brown material can be seen within large bile ducts (white 
arrows). (c) Microscopic appearance of a large bile duct. Biliary epithelium is lacking in some 
areas (gray arrow) and is preserved in other areas (white arrow). Solid, bile-stained material is 
observed within the lumen (black arrow). (Courtesy of Dr. Annie Sibert, Service de Radiologie, 
and Dr. Valérie Paradis, Service d’Anatomie et de Cytologie pathologiques, Hôpital Beaujon, 
Clichy, France)
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diagnosis ischemic cholangiopathy. A liver biopsy may be required in cases of 
uncertain diagnosis, such as for ruling out cholangiocarcinoma, for example. An 
algorithm for diagnosing ischemic cholangiopathy is proposed in Fig. 3.3.

Month 1 Month 2 Month 3

Fig. 3.2 Course of cholangiographic appearance in a patient with hepatic artery thrombosis fol-
lowing liver transplantation. Treatment consisted of thrombolytic therapy and stenting of the 
hepatic artery. Month 1: Biliary casts. Months 2 and 3: Progressive development of diffuse steno-
ses, mimicking primary sclerosing cholangitis. (Courtesy Dr. Annie Sibert, Service de Radiologie, 
Hôpital Beaujon, Clichy, France)

Clinical context of pain, fever, and jaundice, with or without signs of bacterial cholangitis and 
presence of a condition that may compromise bile duct blood supply

↓

Exclusion of cholestasis occurring during ischemic conditions

↓

Laboratory findings consistent with biliary obstruction and/or bacterial cholangitis

↓

Imaging techniques showing bile duct necrosis, biliary casts, bilomas in casesof acute stage
disease, or diffuse and/or multiple stenosis of the bile duct in chronic stages, preferentially 

localized in the middle third of the common bile duct or on the biliary confluence 

↓

Liver biopsy in cases of uncertain diagnosis

↓

Established or probable ischemic cholangiopathy according to the condition suspected to be 
involved in the damage of the bile duct blood supply 

Fig. 3.3 Proposed algorithm for diagnosing ischemic cholangiopathy
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 Prognosis and Available Therapeutic Options

The outcomes of patients with ischemic cholangiopathy depends on the rapidity and 
the extent of the injury to the bile duct blood supply and on the underlying disease 
[38]. Prognostic data are very limited for many conditions associated with ischemic 
cholangiopathy. Within the particular context of ischemic cholangiopathy following 
liver transplantation, mortality rates vary between 23% and 55% [13, 38–40]. Up to 
30% of these patients require re-transplantation. Donations that were made after 
cardiac death carry higher rates of graft failure due to ischemic biliary lesions com-
pared to donations that were made after brain death [42, 45]. The prognosis for 
patients with ischemic cholangiopathy occurring after septic shock has been recently 
reviewed [71]. This condition is associated with rapid progression to cirrhosis and 
poor survival rates without liver transplantation [75]. Mortality rates higher than 
50% have been reported in some series and only a few patients were eligible for 
liver transplantation. When transplanted, the survival rate at 1 year is 85%, compa-
rable with that of patients transplanted for other reasons.

Outside the very rare situation in which a therapeutic option is available for the 
causal condition, therapeutic modalities aim to deal with biliary complications of the 
disease [38]. In rare instances, therapies aiming at restoring the arterial supply to the 
bile ducts may be attempted. This is especially indicated in cases of main hepatic 
artery thrombosis in a liver-transplant recipient. In this situation, thrombolysis, anti-
coagulation therapy, and/or angioplasty may be considered [38]. Antiplatelet or anti-
coagulant therapy may also be indicated. When small arteries are involved in the 
injury process, available options are much more limited. Antibiotics are needed in 
bacterial cholangitis and endoscopic and/or percutaneous procedures are often 
required to remove biliary casts and to treat strictures that are accessible. Surgical 
procedures may be needed for bile duct reconstruction. These procedures consist of 
various surgical anastomoses on the larger bile ducts, often at the hepatic confluence, 
a site that is frequently involved in cases of ischemic damage. Ideally, these proce-
dures should not compromise liver transplantation which remains the last therapeutic 
option for patients with the most severe forms of bile duct injury that make surgical 
reconstruction impossible, or with decompensated secondary biliary cirrhosis.

Attention should also be given to strategies reducing the incidence of ischemic 
biliary lesions in circumstances at risk for ischemic damage of the bile ducts. This 
is the case for patients who require intraarterial infusion of toxic agents to treat liver 
metastases. As the risk of ischemic damage to the bile ducts seems to be particularly 
high after intra-arterial chemotherapy in combination with embolization, this asso-
ciation should be avoided [2]. Preventive strategies can also be useful to prevent 
ischemic cholangiopathy following liver transplantation, especially after circulatory 
death donation. Recent data indicate that, in cases of donation after circulatory 
death, the use of machine preservation systems could reduce the risk of ischemic 
cholangiopathy [84–86]. In the same line, the use of a protocol that includes throm-
bolytic therapy administered into the donor hepatic artery at the time of portal vein 
reperfusion also reduces the incidence of ischemic biliary lesions and allows more 
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frequent effective endoscopic management than that without thrombolysis [43]. 
Although these results need to be confirmed in further studies, these approaches 
may constitute an attractive way to prevent ischemic bile duct injury following liver 
transplantation.

For asymptomatic or pauci-symptomatic patients, no therapeutic intervention 
may be required and observation seems a reasonable option [38].

An algorithm for the management of ischemic cholangiopathy is proposed in 
Fig. 3.4.

 Conclusion

Hepatic artery occlusion mainly affects the bile ducts. Ischemic cholangiopathy 
may be observed in various conditions in which an injury to the bile duct blood sup-
ply may occur. Circumstances in which vascular lesions could contribute to bile 
duct injury should be ruled out when primary sclerosing cholangitis, IgG4 cholan-
giopathy, or cholangiocarcinoma are suspected. Prognosis depends on the rapidity 
and the extent of the injury to bile duct blood supply. Endoscopic, percutaneous, and 
surgical procedures are the main therapeutic options for treating bile duct complica-
tions. Liver transplantation is the only therapeutic option in cases of diffuse involve-
ment or decompensated biliary cirrhosis.

Preventive therapies in conditions in which such an approach is feasible (Avoidance of the 
use of intra-arterial chemotherapy in combination with embolization for the treatment of liver 
metastases, strategies aiming at improving liver function in case of donation after circulatory 

death for liver transplantation)

Therapies aimed at restoring blood supply to the bile ducts (thrombolytic therapy in acute 
thrombosis of the main hepatic artery, angioplasty, antiplatelet, and/or anticoagulant therapy)

Antibiotics for septic complications

Endoscopic, percutaneous, and/or surgical procedures aimed at correcting bile duct lesions
(percutaneous drainage of obstructed bile ducts, endoscopic removal of biliary casts or stones, 

dilatation or stenting of main biliary strictures, hepaticojejunostomy, various surgical 
bilioenteric anastomoses)

Liver transplantationin cases of recurrent complications due to impossible bile duct 
reconstruction or in cases of decompensated secondary biliary cirrhosis

Fig. 3.4 Proposed algorithm for managing ischemic cholangiopathy
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Chapter 4
Hepatic Vascular Malformations 
in Hereditary Hemorrhagic Telangiectasia

Elisabetta Buscarini, Guido Manfredi, and Saverio Alicante

Hereditary hemorrhagic telangiectasia (HHT) or Rendu-Osler-Weber disease is 
an autosomal dominant disorder characterized by widespread cutaneous, mucosal 
and visceral telangiectasias, with an estimated frequency of 1/5000. The pathophys-
iological mechanism appear to be the inability of a blood vessel to mature appropri-
ately [1].

The primary lesion of HHT is the telangiectasia, arising from the dilation of a 
postcapillary venule that fuses directly with an arteriole, bypassing the capillary 
vessels.

Clinical presentation and prognosis varies greatly depending on the number, type 
and location of telangiectasias or vascular malformations (VMs) with their inherent 
potential morbidities and mortalities [2].

The clinical criteria for diagnosing HHT, the Curaçao criteria, were established 
by a panel of experts [3] (Table 4.1). Currently, five types of HHT are recognized.

Most HHT patients have mutations in one of two known disease-related genes, 
endoglin (ENG, HHT1) or activin A receptor type II-like 1 (ACVRL1, HHT2), 
which are both involved in the TGFβ pathway. One to two percent of cases have 
mutations in SMAD4; these mutations also cause the gastrointestinal epithelial pre-
cancerous state of juvenile polyposis [4]. There are at least two further unidentified 
genes [5–7].

All classical features of HHT can be seen in both HHT1 and HHT2, but the 
prevalence of specific vascular abnormalities varies according to genotype. 
Pulmonary AVMs are more common in HHT1 than in HHT2 [8, 9]. HHT1 patients 
are also more commonly affected by cerebral AVMs [10, 11], but have a lesser 
prevalence of hepatic AVMs [9–14].

E. Buscarini (*) · G. Manfredi · S. Alicante 
Gastroenterology Department, VASCERN HHT Reference Center, Maggiore Hospital, ASST 
Crema, Crema, Italy
e-mail: elisabetta.buscarini@asst-crema.it; guido.manfredi@asst-crema.it; 
saverio.alicante@asst-crema.it

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82988-9_4&domain=pdf
https://doi.org/10.1007/978-3-030-82988-9_4#DOI
mailto:elisabetta.buscarini@asst-crema.it
mailto:guido.manfredi@asst-crema.it
mailto:saverio.alicante@asst-crema.it
mailto:saverio.alicante@asst-crema.it


50

 Liver VMs in HHT

Hepatic VMs are found in 41–74% of HHT patients [15, 16]. Hepatic VMs and 
severe disease due to hepatic VMs are significantly more frequent in the HHT2 
genotype than in the HHT1 genotype [12–14]. The penetrance of HHT is age- 
related and the mean age of patients with hepatic VMs was 48 years [13, 15], and 
symptoms of hepatic VMs generally occur around age 50 [12, 15]. Data reported in 
the literature show a strong predominance of hepatic VMs in females with HHT, 
with a male/female ratio of 1/4.5.

 Pathogenesis

Hepatic VMs unique to HHT involve the liver diffusely and can evolve from small 
telangiectasias to large arteriovenous malformations. Three different and often con-
comitant types of intrahepatic shunting (hepatic artery to portal vein, hepatic artery 
to hepatic vein and/or portal vein to hepatic vein) can lead to different and poten-
tially concomitant clinical features, including high-output cardiac failure (HOCF), 
portal hypertension (PH), encephalopathy, biliary ischemia and mesenteric isch-
emia; the latter two are due to a blood flow steal through arteriovenous shunting 
[17, 18].

Livers with HHT may show either diffuse or partial hepatocellular regenerative 
activity [19], leading to nodular regenerative hyperplasia or focal nodular hyperpla-
sia, respectively.

It has recently been reported that the prevalence of focal nodular hyperplasia in 
patients with HHT is 100-fold greater than in general population [20]. The combi-
nation of fibrosis (around abnormal vessels), nodular regenerative hyperplasia and 

Table 4.1 The Curaçao criteria [3]a

Criteria

Epistaxis Spontaneous, recurrent nosebleeds
Telangiectases Multiple at characteristic sites (lips, oral cavity, fingers, nose)
Visceral lesions Pulmonary VMs, liver VMs, cerebral VMs, spinal VMs, gastrointestinal 

telangiectases (with or without bleeding)
Family history A first degree relative with HHT with these criteria
HHT diagnosis 
is
Definite if 3 criteria
Possible/
suspected

if 2 criteria

Unlikely if fewer than 2 criteria
aAll offspring of an individual with HHT are at risk of having the disease since HHT may not 
manifest until late in life. If there is any concern regarding the presence of physical signs, an expe-
rienced physician should be consulted
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portal hypertension may lead to a misdiagnosis of cirrhosis. However, the liver 
involvement unique to HHT, is not cirrhosis and is not associated with liver insuf-
ficiency [17, 18, 20].

 Clinical Manifestations

Only 8% of patients with liver VMs are symptomatic at baseline, as shown by cross- 
sectional surveys [15, 16]. However, in a longitudinal cohort study regarding the 
disease course in 154 patients with a long follow-up (median 44  months, range 
12–181), median survival was 175 months (24–181, 95% CI 66–283); along follow 
up 1% underwent OLT, 5% died, 21% had liver vascular malformations worsening, 
25% had complications of liver VMs and 48% unchanged liver VMs; incidence of 
fatal outcome and of morbidity were 1.1 and 3.6% person/years respectively with a 
median event-free survival of 90 months (10–181, 95% CI 44–135). HOCF repre-
sents the predominant complication associated with HHT, but complicated PH 
occurs at a rate comparable to that of HOCF (1.4 and 1.2, per 100 person-years, 
respectively); HOCF and complicated PH each account for about half of hepatic 
VM–associated fatalities [13, 18]; none of those complications were observed in the 
control group represented by patients without liver VMs. In patients with chronic 
cardiac overload due to liver VMs atrial fibrillation had a 1.6 incidence rate per 100 
person-years, suggesting that this arrhythmia in patients with liver VMs is not 
purely coincidental and should be approached with special caution [13]. Much rarer 
presentations of liver VMs in HHT are encephalopathy, mesenteric angina and isch-
emic cholangitis that can cause bilomas or more ominously lead to a catastrophic 
complication termed “hepatic disintegration” [18, 21–24].

Portal hypertension due to arterioportal shunts can manifest itself with severe 
recurrent variceal bleeding; however both a case series and a cohort study have 
shown that GI bleedings in patients with liver VMs were due rather to bleeding from 
GI telangiectasias than to variceal bleeding [13, 17].

Anicteric cholestasis is observed in one third of patients with liver VMs; its 
entity shows linear correlation with the severity of vascular malformations and their 
complications [13, 25, 26].

 Diagnosis of Liver VMs in HHT

Diffuse liver VMs are unique to HHT and their presence should always lead to the 
search of HHT diagnostic criteria.

Investigations for liver VMs are to be completed in HHT patients with symp-
toms/signs suggestive of complicated liver VMs.

Screening for hepatic AVMs in asymptomatic individuals with suspected or cer-
tain HHT has been recommended as there is a totally non-invasive and effective 
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screening tool (Doppler US), and because a correct diagnosis can help to clarify the 
diagnosis of HHT and improve subsequent patient management [18, 24].

The diagnosis of liver involvement in HHT requires laboratory assessment and 
liver imaging. Echocardiographic evaluation is also recommended to estimate of 
hemodynamic impact of liver VMs. Further testing (either one or a combination of 
the following: GI endoscopy, CT, magnetic resonance, angiography, cardiac cathe-
terization, portal pressure measurement with hepatic venous pressure gradient) may 
be required depending either on the presence of focal liver lesions or on the severity 
of liver VMs and their hemodynamic impact [18] (Fig. 4.1).

subjects with symptomatic
liver VMs

subjects with incidentally
discovered liver VMs

subjects at risk of HHT

HHT unlikely
HHT

definite
possible

Liver VMs absent 

Liver VMs presence/stage

Echocardiography

look for Curaçao criteria of HHT diagnosis

complete screening for visceral VMs including:
Abdominal Doppler US (CT scan)

if focal liver lesions or severe 
symptomatic  liver VMs: further tests 
(mainly CT/MR, cardiac cath, upper 

GI endoscopy)

for asymptomatic liver VMs: address 
to clinical/instrumental follow up

Fig. 4.1 Diagnostic approach to liver VMs in HHT
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 Doppler US Evaluation of Liver VMs in HHT

Doppler ultrasound (US) has been proposed as the ideal first-line investigation for 
the assessment of liver VMs due to its safety, tolerability, low costs and accuracy for 
the detection of liver VMs [18].

Doppler US findings of liver VMs in HHT have been reported since the 1990s 
[25, 27].

A combination of various features of liver VMs have been proposed as US crite-
ria for the hepatic involvement in HHT. Anomalies of liver vessels have been clas-
sified with Doppler US according to the criteria proposed by Buscarini [15]; the 
combination of hepatic vessel abnormalities and anomalous flow patterns leads to a 
severity grading from 0.5 to 4 (Table 4.2) of liver VMs. Caselitz et al. [28] defined 

Table 4.2 Doppler US grading of severity of hepatic VMs in HHT (modified, 15)

VMs 
grade scheme Doppler US criteria

0+

ha

• HA diameter > 5 < 6 mm, and/or
• PFV > 80 cm/sec, and/or
• RI < 0.55, and/or
• Peripheral hepatic hypervascularization

1

ha

• HA dilatation, only extrahepatic >6 mm, and
• PFV > 80 cm/s, and/or
• RI < 0.55

2

ha

•  HA dilatation, extra- and intrahepatic (“double 
channel” aspect) and

• PFV > 80 cm/s
•  Possibly associated with moderate flow 

abnormality of hepatic and/or portal veins

3

ha

•  Complex changes in hepatic artery and its 
branches (tortuous and tangled) with marked 
flow abnormalities

• Abnormality of hepatic and/or portal vein flow

4

hv

pv

Decompensation of arteriovenous shunt associated 
with:
• Dilatation of hepatic and/or portal vein
•  Marked flow abnormalities in both arteries and 

vein/s

Veno-venous shunts may be found and do not imply a VM up-grading. Nodular transformation of 
hepatic parenchyma progresses along with liver VMs severity, and it is generally found in grade 4
HA hepatic artery, PV portal vein, HV hepatic vein
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two major criteria for the dilated common hepatic artery >7 mm and intrahepatic 
arterial hypervascularization. The minor criteria are either Vmax in hepatic artery 
>110 cm/s, RI of the proper hepatic artery <0.60, Vmax of the portal vein >25 cm/s, 
or tortuous course of the extrahepatic hepatic artery. Two major criteria or one major 
and two minor criteria are required for the diagnosis of liver VMs in HHT.

Hepatic artery diameter >4 mm is accurate for differentiation of HHT patients 
with VMs from HHT patients without VMs, cirrhotic patients and normal subjects; 
this represents a very sensitive diagnostic parameter for hepatic VMs in HHT. The 
unique advantage of pulsed and color Doppler US over other imaging modalities is 
that it allows rapid analysis of the flow pattern of hepatic VMs, including: (1) quali-
tative parameters, such as flow direction and turbulence, (2) quantitative parameters, 
such as the angle-corrected flow velocities, and, (3) semiquantitative measures, such 
as the resistivity and pulsatility index [15, 28, 29] (Fig. 4.2).

Either hepatic artery to portal vein shunts or to hepatic veins cause changes in the 
Doppler waveform of the veins; the portal and/or hepatic veins are dilated in severe 
and decompensated liver arteriovenous shunt. Ascites can be associated with severe 
decompensated liver VMs (Figs.  4.3 and 4.4). Portosystemic shunts can also 
be found.

Liver size can be enlarged in liver VMs in HHT, whereas spleen is usually nor-
mal. US evaluation of liver parenchyma can show either focal isoechoic lesions 
compatible with FNH (Figs. 4.5 and 4.6) or, in more severe VMs, diffuse margin 
nodularity with a coarse heterogeneous echo pattern (Figs. 4.7 and 4.8).

The sensitivity of different Doppler US criteria [15, 28, 29] has been recently 
compared using CT or MR as the reference standard in a series of 18 patients; the 
Caselitz and Buonamico criteria missed 16% and 27% of liver VMs, respectively, 
whereas the Buscarini criteria [15] did not miss any liver VMs [30].

A controlled interobserver study showed very good interobserver agreement for 
Doppler US diagnosis of the presence/absence of liver VMs, with a K value of 
0.85–0.93 [31].

The Doppler US classification of liver VMs [15, 32, 33] providing severity grad-
ing of hepatic VMs has been shown to be a predictor of clinical outcome [13], and 
it can be useful for tailoring patient management and follow-up [32, 33].

 Non invasive and Invasive Assessment 
of Cardiac Hemodynamics

Echocardiographic evaluation of cardiac function and morphology, particularly car-
diac index and pulmonary arterial pressures, is crucial to estimate the haemody-
namic impact of liver VMs, also allowing repeated evaluations during follow-up, in 
contrast with invasive measurement of cardiac hemodynamics by cardiac catheriza-
tion [25, 34]. Moreover, a close correlation has been demonstrated between echo-
cardiography and cardiac catheterization in assessing cardiac output in a series of 
HHT patients with liver VMs [28].

E. Buscarini et al.
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a

c

b

d

e

Fig. 4.2 (a) Hepatic artery (ha) dilation is a typical hallmark of liver VMs in HHT; (b) Doppler 
US analysis of hepatic artery flow, in the hepatic artery, a very high Vmax with high diastolic phase 
and low RI is demonstrated; (c) Intrahepatic hypervascularization is demonstrated by color 
Doppler, with prominent peripheral arteries; (d) prominent intrahepatic branches of the hepatic 
artery; (e) Celiac angiogram obtained during CT, early arterial phase, shows dilated common 
hepatic artery with tangled and prominent intrahepatic branches. Ha hepatic artery, vc vena cava, 
pv portal vein, a aorta
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Echocardiography in HHT patients may suggest pulmonary hypertension (i.e., 
right ventricular enlargement and increased tricuspid regurgitant peak velocity) 
[35, 36].

Increased pulmonary artery pressures invariably accompany and likely predis-
pose to high output cardiac failure, entail a severe condition that significantly 
reduces survival on HHT patients, and should be screened in all HHT patients with 
liver VMs [18].

Right heart catheterization is always to be done in HHT patients with complicated 
liver VMs who are evaluated for OLT: specific pulmonary hemodynamic patterns 
with normal or reduced pulmonary vascular resistances are consistent with secondary 
pulmonary hypertension which accompanies liver VMs in HHT, that is a post-capil-
lary pulmonary hypertension with pulmonary artery systolic pressure >40 mmHg; 
OLT is allowed with pulmonary vascular resistance <240 dynes s cm−5 [18].

Right heart catheterization is also essential in differentiating a form of primary 
pre-capillary pulmonary artery hypertension characterized by very high pulmonary 
vascular resistances which can be associated to HHT [35, 37].

 CT

X-ray exposure and potential adverse reactions to contrast make multiphase CT 
recommended wherever expertise in Doppler US is lacking for investigation of 
symptomatic liver VMs in HHT. CT may also be required, depending on either the 

a b

Fig. 4.3 (a) Color Doppler US analysis in grade 4 liver VMs with predominant arteriohepatic 
shunt: tangled arterial branches (arrows) surrounding dilated hepatic vein (hv); (b) Triple-phase 
CT: markedly dilated hepatic veins (hv) in a patient with grade 4 liver VMs, predominantly arte-
riohepatic: note the substantially enlarged heart (H), marked liver enlargement, with nodular mar-
gins, and diffuse VMs throughout the liver. pv, portal vein

E. Buscarini et al.
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a

c d

b

Fig. 4.4 (a), grade 4 liver VMs with predominant arterioportal shunt, portal vein is surrounded by 
prominent and tortuous arterial branches (arrowheads); liver margins are nodular (arrow). (a) asci-
tes. (b) spectral analysis shows a pulsatile and phasically reverted flow in the portal vein, with high 
mean velocity. (c) high velocity and low RI in arterial branches surrounding portal vein; (d) CT 
scan shows early filling of portal vein (pv) in arterial phase; diffuse VMs throughout the liver, liver 
nodular margins, ascites (arrow)

Fig. 4.5 In a HHT patient 
with grade 3 liver VMs, US 
shows slightly hypoechoic 
round lesions (arrows) of 
right liver lobe
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presence of focal liver lesions or on the severity of liver VMs and their hemody-
namic impact; it is always used in complicated liver VMs considered for OLT 
(Figs. 4.3 and 4.4) [18]. Contrast-enhanced multiphase multirow CT angiography 
can show a prominent hepatic artery possibly associated with dilated hepatic and/or 

a

c

b

Fig. 4.6 MR findings consistent with FNH in a HHT patient with liver VMs: (a) T1 weighed MR, 
axial image, shows a hyperintense liver lesion (arrows), with central scar; (b) T2 MR and (c) T2 
blade MR, show the lesion (long arrow) and prominent hepatic artery (short arrow)

Fig. 4.7 In a patient with 
grade 4 liver VMs, with 
prominent and tortuous 
peripheral arteries, liver 
margin is nodular (arrows), 
and the liver echotexture is 
coarse
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portal veins. Multirow CT and reconstructions depict the complex hepatic vascular 
alterations typical of HHT, different types of shunts and parenchymal perfusion 
disorders, together with evaluation of the spleen, gastroesophageal varices and other 
venous collaterals [16, 25, 38]. CT can also accurately display the most ominous 
complication of liver VMs in HHT, i.e., necrotizing cholangitis with formation of 
bilomas, shown on CT as single or multiple low-density lesions with ill-defined 
boundaries and no enhancement (Fig. 4.9).

Interpretation of focal liver lesions typical of liver involvement in HHT requires 
a combination of morphologic features (size, shape, liver margins deformation) and 
careful evaluation of dynamic data because the filling kinetics can be perturbed due 
to abnormalities of hepatic flow unique to liver involvement in HHT.  The 

Fig. 4.8 In a HHT patient 
submitted to OLT for 
complicated and refractory 
liver VMs note the liver 
enlargement with nodular 
surface, during liver 
transplantation

Fig. 4.9 Triple-phase CT 
angiography, venous phase 
in a severely ill patient 
with grade 4 liver VMs: 
bilomas (arrows) are 
demonstrated; note the 
dilated hepatic veins (hv), 
liver enlargement, with 
nodular margins, and 
diffuse VMs throughout 
the liver
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combination of various imaging techniques, particularly Doppler US and CT/MR, 
can greatly assist the characterization of focal hepatic lesions in HHT [32].

Liver VMs unique to HHT do not predispose a patient to hepatocellular carci-
noma; however, HHT patients may need multiple transfusions because of chronic 
bleeding, and in the past decades, they were at risk for viral hepatitis. Therefore, the 
presence of chronic liver disease predisposing to hepatocellular carcinoma should 
be investigated to properly interpret imaging findings [39].

A diagnosis of hepatic focal nodular hyperplasia in the context of liver VMs is 
made if lesions are isodense or slightly hypodense with a hypodense central scar in 
unenhanced CT, becoming hyperdense in the arterial phase of contrast-enhanced 
CT [40]; regenerative nodules are usually diffuse with deformation of the liver sur-
face and show specific dynamic characteristics [41].

 MR

MR imaging can also show hepatic VMs. The abnormalities are better depicted 
on MR angiograms and dynamic MR images, providing a map of anomalous ves-
sels and analysis of filling kinetics; MR has been proven to be as accurate as 
multirow CT over which it has the advantage of the absence of ionizing radiation 
[25, 42].

MR diagnostic criteria for focal nodular hyperplasia and regenerative nodules 
are appreciated according to phase-specific and dynamic characteristics (Fig. 4.6) 
[40, 41].

 Celiac Angiography

Angiography, which can easily depict liver and mesenteric VMs, was once consid-
ered the gold standard for diagnosis of liver VMs, but has been replaced by less 
invasive CT or MR angiograms (Fig. 4.2) [18, 25].

 Endoscopy and Invasive Evaluation of Portal Hypertension

GI bleeding in HHT patients with portal hypertension due liver VMs is generally 
caused by GI telangiectases rather than to gastroesophageal varices [13], which are 
seldom found in these patients probably because of spontaneous liver portosys-
temic shunts.

Portal pressure measurement with hepatic venous pressure gradient is reserved to 
selected patients with complicated liver VMs when evaluated for OLT [18].

E. Buscarini et al.
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 Liver Biopsy

Liver biopsy is not necessary for the diagnosis of hepatic VMs related to HHT; if it 
is necessary for other reasons in a patient with known or suspected HHT, the risk of 
increased bleeding with the percutaneous transcapsular route has to be considered 
in view of the high prevalence of liver VMs in HHT [18].

A liver mass in the context of HHT can be characterized noninvasively by weigh-
ing epidemiological (high prevalence of FNH in HHT), clinical and laboratory data 
(including serum tumor markers, hepatitis B and C markers) as well as imaging (at 
least two examinations—whether Doppler US, MR or CT—showing suggestive 
findings) [18].

 Differential Diagnosis

Rare syndromes as Klippel-Trénaunay-Weber syndrome, can be associated to 
liver VMs.

Enlarged hepatic artery is not totally specific for the diagnosis of HHT. Other 
hypervascular lesions of the liver (large FNH or hemangiomas, some liver malig-
nancies) can be associated with enlarged hepatic artery. The combination of either 
arterial and venous hepatic vascular abnormalities and the diffusion of liver VMs to 
the entire liver facilitate differential diagnosis [43, 44].

Congenital or acquired arterioportal shunts (more commonly iatrogenic), unlike 
liver VMs unique to HHT, are typically focal and can be associated with portal 
hypertension [33].

Three HHT patients evaluated 10, 8 and 8 years respectively after OLT, asymp-
tomatic, showed hepatic vascular malformations at imaging in the transplanted liv-
ers, and the hypothesis of a relapse of VMs was made, with hepatic peliosis as 
alternative diagnosis [45, 46]. Peliosis is an uncommon benign vascular disease that 
is usually asymptomatic, even if it may be associated with high mortality, especially 
in major and diffuse forms; it is characterized by blood-filled cavities distributed 
randomly throughout the liver, with “swiss cheese” features. The lesions can be 
focal, segmental, or diffusely disseminated in hepatic sinusoids [44]; the imaging 
features of peliosis are nonspecific and differ from one another and it is hard to 
properly assess them by imaging only [47]. The size of lesions ranges from a few 
millimeters to several centimeters and may even occupy most of the liver. In a few 
cases, the number or size of peliotic lesions could increase in a short period and dis-
seminate throughout the liver, resembling the progress of liver carcinoma or metas-
tases [48]. It has been suggested that prolonged use of various kinds of drugs may 
cause peliosis (mainly steroids, immunosuppressants, and oral contraceptives) [49]. 
Peliosis should be considered, instead of recurrence of VMs, in the rare HHT 
patients who show multiple liver vascular dilatations after OLT, similarly to what 
described in other transplant recipients [50, 51].
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 Treatment

Presently, no treatment is recommended for asymptomatic liver VMs.
An intensive therapeutic approach is recommended for symptomatic liver 

involvement in HHT [18]. The specific approach depends on the type of complica-
tion present. HOCF is first treated medically by administration of diuretics and beta 
blockers. If indicated, measures are taken to correct anemia and manage any arrhyth-
mia, such as atrial fibrillation. Management of portal hypertension is analogous to 
that recommended for the same complication in patients with cirrhosis. Biliary 
necrosis, which is associated with a poor prognosis, is an indication for antibiotics. 
The treatment outcome in 55 complications observed in 39 patients with symptom-
atic liver VMs in HHT has been complete response in 35 (63.7%), partial response 
in 12 (21.8%) and no response (with progression to death) in 8 (14.5%)6. These data 
support the recommendation to consider invasive therapies for liver involvement by 
HHT only for otherwise intractable complications, after the judgment of response to 
first line treatment has been made, generally within 6–12 months [18].

Amongst invasive therapies which are considered in patients failing to respond to 
first-line intensive treatment, staged embolization of arteriovenous hepatic fistulas 
[52] is not currently recommended because it is palliative and can entail ominous 
complications, such as hepatic or biliary necrosis; it can be considered for patients 
who are not candidates for OLT [18].

Nowadays OLT remains the only definitive curative option for patients with 
HHT who have intractable cardiac failure, complicated portal hypertension, and/or 
biliary ischemia due to liver VMs. Outcomes of OLT for liver VMs in HHT are 
excellent (Table 4.3) [53–61]. Liver VMs in HHT are not associated to liver insuf-
ficiency, and are included in MELD (Model for End Stage Liver Disease) excep-
tions [18]; a MELD score for liver involvement in HHT has been proposed [62] with 
a score of 22 for intractable HOCF/PH, and 40 for ischemic biliary necrosis. Insofar 
priority for patients with liver VMs requiring OLT should be assessed with experts 
of HHT [18, 24]. Right heart catheterization is always to be done in patients with 
HHT evaluated for OLT to exclude severe pre-capillary pulmonary hypertension: 
OLT is allowed with pulmonary vascular resistance <240 dynes s cm−5 [18, 24].

Potential morbidity and mortality rates associated with OLT are a cause for con-
cern and the optimal timing for OLT in HHT with symptomatic liver involvement is 
a matter of debate. Actually, the puzzling decision of enlisting a patient for OLT 
could be supported by predictors. In a prospective longitudinal cohort of 154 HHT 
patients with liver involvement with a mean follow-up of 44 months (range 12–181) 
the outcome predictors were: stage 4 liver VMs at baseline and genotype HHT2 
(ALK1). In a retrospective cohort [63] of 41 HHT patients with HOCF due to liver 
VMs, with a mean follow-up of 6 years (range 4–8), 27 (66%) died, with a mean age 
at death of 69 (range 34–86). The median survival time was 7  years (95% CI: 
5.15–9.67) and the suggested outcome predictors were age at presentation, pulmo-
nary artery systolic pressure, total bilirubin, weight loss, GI bleeding and any biliary 
ischemia. In a prospective cohort of 171 patients [26], with a mean follow up of 
18 months (range 2–48), criteria of clinically significant liver involvement were: age 
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at presentation >47, female gender, hemoglobin level at presentation <8 g/dL and 
alkaline phosphatase level at presentation >300 UI/L. Clearly, whereas prospective 
assessment of a cohort over a long follow up allows to extrapolate predictors, clini-
cal features resulting from either retrospective analysis or short follow up can be 
valuable for diagnosis but not for prognosis. Therefore OLT enlisting of HHT 
patients with otherwise intractable complicated liver VMs requires careful weighing 
of reported predictors of bad outcome, including further clinical worrisome 

Table 4.3 Outcomes of OLT for symptomatic liver involvement in HHT

Author
Date of 
inclusion

Number 
of cases

Sex
F/M

Age
Mean 
(min- 
max) Indication

Graft 
survival 
rate (%) Cause of death

Lerut, 2006 1985–
2003

40 (14 
centers)

35/5 48 
(27–
71)

HOCF 14
Biliary 
necrosis: 12
HOCF and biliary 
necrosis: 6
Portal 
hypertension: 5
HOCF and PH: 2
HOCF and PH 
and biliary 
necrosis: 1

82.5 Intraoperative 
bleeding (1)
Acute rejection 
(1)
Heart failure (1)
Cerebral 
hemorrhage (1)
Gastric AVM 
rupture (1)
Others (2)

Dupuis- 
Girod, 2010

1993–
2007

13a (1 
center)

12/1 51.8 
(33.1–
64.5)

HOCF: 9
Biliary necrosis: 2
Hemobilia: 1
HOCF and biliary 
necrosis: 1

92 Cardiac failure 
(1)

Nunez 
Viejo MA, 
2010

2004 1 1/0 48 HOCF: 1 100 –

Lee M, 
2010

2010 1

Cag M, 
2011

2002–
2008

4 1/3 57 
(40–
65)

HOCF: 3
Associated viral 
Hepatitis B: 1

100 –

Maggi U, 
2013

2008–
2011

2 2/0 44–62 HOCF: 2 100 –

Elwir S, 
2015

1 1/0 54 HOCF 100 –

Maestraggi 
Q, 2015

1 1/0 63 Biliary necrosis 100 –

Felli E, 
HPB 2017

2015 1 1/0 66 HOCF 100 –

Total 61 F 54 HOCF 50%/
biliary necrosis 
24%/PH 8%/
mixed 18%

5-year survival rate 
82–100%

a3 pts reported in Lerut
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features: atrial fibrillation, high blood transfusion requirement, weight loss, right 
upper quadrant pain, high bilirubin levels, and sepsis [13, 63].

Looking for a potential alternative to invasive therapies for cure of symptomatic 
liver VMs in HHT, recently bevacizumab (an antivascular endothelial growth factor 
monoclonal antibody) was evaluated in HHT patients with severe liver involvement 
[64–66].

These preliminary studies suggested that bevacizumab may be a therapeutic 
option in the treatment of complicated liver VMs in HHT; however, potential 
adverse events related to bevacizumab need careful consideration: a multicenter 
European survey has evaluated adverse events in 69 HHT patients treated with beva-
cizumab, 37 for HOCF in hepatic AVMs, and 32 for HHT-related bleeding; the 69 
patients received bevacizumab for a mean of 11 months for a total of 63.8 person/
years treatment; an average incidence rate of 50 adverse events grade 1–3 and a 1.5 
fatal adverse events per 100 person-years were captured [67].

Furthermore, also rates of no or partial response to bevacizumab, and the symp-
toms/signs recurrence after drug withdrawal make this drug unsuitable to replace OLT 
to cure complicated liver VMs in HHT. On the other hand bevacizumab may show a 
potential “bridging” role where severe liver VMs critically worsen clinical condition 
of the patient: if bevacizumab obtains a complete response with resolution of the liver 
VM complication OLT would be scheduled within the following few months [68, 69]. 
The timing of this decision is critical as bevacizumab is known to impair wound heal-
ing and anastomoses repair and insofar every elective surgery is delayed of at least 
2 months after the treatment end; on the other hand recurrence of VMs symptoms/
signs is the rule after treatment end (within 6–12 months in reported cases). The right 
“OLT window” after bevacizumab in severe complicated liver VMs in HHT should 
therefore be between 2 and 6 months after the last drug administration (Fig. 4.10).

Consider major/invasive therapies for liver involvement in HHT
only for

otherwise intractable complications not responder to first line intensive treatment

<65 yo >65 yo <65 yo, poor 
candidate for surgery

OLT OLTBZB

BZB

“OLT window”

Weigh predictors
Cardiac CATH

Fig. 4.10 Therapeutic algorithm for complicated and refractory liver VMs in HHT
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In conclusion, it has to be underscored that considering the condition complexity 
and the scant available literature data, any major treatment decision regarding liver 
VMs, and notably liver transplant, has to be done only after conferring with a medi-
cal team with expertise in HHT.
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Chapter 5
Congenital Extrahepatic Portosystemic 
Shunts: Abernethy Malformation

Anna Baiges, Fanny Turon, Virginia Hernández-Gea, 
and Juan Carlos Garcia-Pagan

 Introduction

Congenital extrahepatic portosystemic shunts (CEPS), also known as Abernethy 
malformation, are a rare condition in which most of the intestinal and splenic venous 
blood bypasses the portal vein and the liver, draining directly into systemic veins 
through abnormal communications. CEPS were first described by John Abernethy 
in 1793 as a post-mortem finding in a 10 month-old girl that presented several mal-
formations, including the termination of the portal vein in an end-to-side shunt to 
the inferior vena cava [1]. Since then, less than 300 cases of congenital extrahepatic 
portosystemic shunts have been reported in the literature, most of them published in 
the last decades, probably in relation to the improvement and wide use of imaging 
studies in clinical practice leading to an increased detection of shunts. The vast 
majority of published cases are single case reports providing only a transversal 
description without follow-up and, despite some series have been reported [2–5], 
most of them are small and mix patients with both extrahepatic and intrahepatic 
congenital shunts. It is important to underline that extrahepatic and intrahepatic 
portosystemic shunts (IPSS) should be considered different entities because they 
might have a different natural history. While CEPS can have a wide range of mani-
festations (from completely asymptomatic patients to severe shunt-related compli-
cations including hepatocellular carcinoma), IPSS are more frequently asymptomatic 
and can undergo spontaneous closure during infancy (<2  years old). Moreover, 
there are no reports of malignant liver tumours in IPSS [6, 7]. Trying to address this 
issue, an international retrospective study still published in abstract form [8] col-
lected 66 patients with CEPS and evaluated their natural history since diagnosis 
until adulthood.

A. Baiges (*) · F. Turon · V. Hernández-Gea · J. C. Garcia-Pagan 
Barcelona Hepatic Hemodynamic Laboratory, Liver Unit, Hospital Clínic de Barcelona, 
IDIBAPS, CIBERehd, Universitat de Barcelona, Barcelona, Spain
e-mail: abaigesa@clinic.cat; fturon@clinic.cat; vihernandez@clinic.cat; jcgarcia@clinic.cat

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82988-9_5&domain=pdf
https://doi.org/10.1007/978-3-030-82988-9_5#DOI
mailto:abaigesa@clinic.cat
mailto:fturon@clinic.cat
mailto:vihernandez@clinic.cat
mailto:jcgarcia@clinic.cat


70

The real prevalence of CEPS is not known as it is not routinely screened for. In 
countries regularly performing neonatal screening for hereditary galactosemia it has 
been estimated that the incidence of congenital portosystemic shunts is around 1 in 
30,000 births [9, 10] (high levels of galactose can be found in newborns with con-
genital portosystemic shunts because galactose bypasses the liver), but these data 
cannot differentiate intra and extrahepatic shunts and may underestimate its real 
prevalence since not all patients with CEPS harbour hypergalactosemia.

 Etiology

The development of the portal vein and the inferior vena cava is a complex process 
that takes place simultaneously during the fourth and tenth weeks of embryonic life, 
the portal venous system arising from the extraembryonic and umbilical veins and 
the systemic veins developing from intraembryonic structures [11]. The embryonic 
veins (umbilical, vitelline and cardinal veins) form complex networks creating intra 
and extrahepatic connections that later selectively involute and evolve to the fully 
developed portal vein [12]. The complicated process, multiple interactions and the 
close relationship between these two systems may explain the occurrence of abnor-
mal communications [13] that are probably a result from incomplete involution of 
these embryonic vessels. An abnormal involution may result in a duplicated portal 
vein while, on the contrary, excessive involution may result in a complete absence 
or attenuation of the portal vein [14, 15]. As a result, congenital portosystemic 
shunts can involve different veins and can have different anatomies, can be single or 
multiple and can induce partial or complete diversion of the portal blood to the sys-
temic circulation.

CEPS frequently can appear in the setting of multiple congenital malformative 
processes or in patients with associated genetic disorders such as Down or Turner 
syndrome. The most frequently reported associations are cardiac malformations, 
polysplenia syndrome, renal malformations, and musculoskeletal defects [8, 13, 
16–21]. Cardiac anomalies are present in approximately one third of patients and 
include ventricular and atrial septal defects, patent ductus arteriosus and foramen 
ovale [22]. The presence of other vascular anomalies and chromosomal anomalies 
have also been reported [23].

 Diagnosis

The diagnosis of Abernethy malformation is often missed on initial presentation due 
to low level of suspicion and wide variability in clinical presentation. Some patients 
(around 20%) are diagnosed after presenting symptoms potentially attributable to 
CEPS (hepatic encephalopathy, dyspnea) [8] but diagnosis is usually reached 
through imaging tests performed because of different unrelated reasons that 
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casually demonstrate the presence of the portosystemic shunt. The initial diagnosis 
is usually suspected through Doppler ultrasonography (US) finding absence or non- 
visibility of intrahepatic portal branches, as well as slow or absent portal flow and a 
compensatory dilatation of the hepatic artery. The imaging evaluation must be com-
pleted to further assess the exact anatomy and location of the shunt with a computed 
tomography (CT) or a magnetic resonance imaging (MRI). Angiography with tem-
porary balloon occlusion of the shunt is an invasive imaging technique that better 
depicts the presence and pattern of the shunt [3, 5, 24].

CEPS is usually diagnosed during childhood [2–5]. However, patients with 
CEPS may be undiagnosed until adulthood or even until an advanced age because 
they can remain asymptomatic until late in the disease. Indeed, in a recent cohort [8] 
45% of patients with CEPS with more than 50 years of age remained asymptomatic. 
CEPS can also be diagnosed at prenatal ultrasound [4, 25, 26]. Prenatal US can 
assess the anatomical origin and drainage of the fetal umbilical vein, portal vein, 
ductus venosus and hepatic venous systems, as well as the integrity of the intrahe-
patic portal venous system.

Liver function is usually preserved although blood tests can be slightly altered, 
most frequently with hyperbilirubinemia or mild elevation of liver enzymes. 
Hyperammonemia is present in almost all patients with CEPS as a consequence of 
shunting [8, 27].

 Anatomical Classification

Morgan and Superina [28], and afterwards Howard and Davenport [13], classified 
CEPS into two types according to its anatomical morphology (Fig.  5.1). Type I 
CEPS is characterized by the absence of intrahepatic portal vein branches and an 
end-to-side portocaval shunt, while in type II CEPS the intrahepatic veins are hypo-
plastic but patent and a side-to side shunt diverts blood from the portal vein to the 
inferior vena cava. Type I CEPS can be further classified into type Ia, when the 
superior mesenteric and splenic vein drain separately into inferior cava veins (IVC), 
and type Ib, when these veins form a common trunk before draining into the 
IVC. The first published case reports stated that type I CEPS was most frequent in 
females while type II CEPS was most frequent in males [13, 16]. This association 

TYPE II CEPSTYPE Ib CEPSTYPE Ia CEPS ICVICVICV

PV SV

SMV

PV SV

SMV

SV

SMV

SHUNT

Fig. 5.1 Classical CEPS classification
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has not been reproduced in more extensive and recent series that show a more bal-
anced gender ratio [8].

Lately, other more detailed anatomical subclassifications by Lautz [3] and Blanc 
(the Bicêtre surgical classification) [5] have been described correlating the anatomy 
of the shunt to the surgical approach required for its closure. The Bicêtre classifica-
tion initially focuses on whether the shunt is a porto-caval shunt or whether it is 
originated from a different vein of the splanchnic system. Shunts are further sub-
classified into end-to-side shunt, side-to-side shunt or an H type shunt. However, it 
has also been recognized that to accurately assess the patency of intrahepatic veins, 
an angiography with temporary balloon occlusion of the shunt needs to be per-
formed, to distinguish if the assumed absence of intrahepatic veins in type I CEPS 
could in fact be concealing remnant hypoplastic hepatic branches not visible on CT 
or MRI [3, 5, 24]. Establishing confidently the presence or absence of intrahepatic 
veins is highly relevant when evaluating possible therapeutic options, as classically 
was considered that type I patients could only be treated with liver transplantation. 
Performing an angiography could allow a reclassification of CEPS type and thus 
enable the consideration of other treatment options for these patients.

 Liver Pathology

In patients with CEPS the liver is usually small and with a certain degree of atrophy, 
which could be in the context of systemic shunting of splanchnic venous blood lead-
ing to an impaired development and function of the liver. Moreover, lack of hepato-
trophic factors supplied by portal venous blood could also have a role in liver 
atrophy [18, 29].

Liver histology can be normal but structural changes as fibrosis and steatosis 
have also been reported [30]. The most typical findings in liver biopsies are absent 
or hypoplastic portal vein branches combined with congestive sinusoids and large 
arterial branches [31–33].

 CEPS Complications

CEPS can present with a wide range of clinical manifestations, from completely 
asymptomatic patients or only mild hepatic dysfunction to severe portosystemic 
shunt related complications.

Regarding the incidence of CEPS complications, a recent study shows a cumula-
tive incidence of having at least one major CEPS complication (hepatic encepha-
lopathy, pulmonary arterial hypertension, hepatopulmonary syndrome, 
hepatocellular carcinoma or hepatocellular adenoma) is 35%, 45% and 58%, at 20, 
30 and 40 years respectively [8]. However, it is also certain that, as data from a 
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systematic population screening is not available, the prevalence of CEPS complica-
tions cannot be confidently inferred and asymptomatic patients with CEPS might 
remain under diagnosed.

CEPS complications can be explained, at least in part, due to the fact that toxic 
compounds generated in the gastrointestinal tract that would be normally metabo-
lized in the liver, in CEPS are diverted into systemic circulation with accumulative 
deleterious effects.

 Hepatic Encephalopathy

Hepatic encephalopathy (HE) is one of the most frequent CEPS complications [30, 
34] affecting nearly 30% of patients with CEPS [8]. It can present as an acute or 
chronic event, but it usually presents as persistent HE. HE is probably due to venous 
shunting of circulating ammonia not metabolized by the liver [30, 35, 36], resulting 
in abnormal neurologic symptoms, behaviour alterations (irritability, agitation, dis-
orientation) or learning impairment, among others. The risk of encephalopathy is 
probably related to the degree of portosystemic shunting [6], but no differences 
between type I and type II CEPS in the prevalence of HE have been found. It is 
important to take into account that in patients also presenting genetic or malforma-
tive disorders with intellectual disability, HE (and especially minimal HE) may be 
challenging to diagnose if not specifically looked for. In this context, it has been 
explored if serum ammonia levels could relate to the development of HE but, until 
now, it has not been possible to identify any clinical or biochemical parameter able 
to predict HE development [8]. In brain MRI, high globus pallidum intensity on 
T1-weighted images has been associated to the presence of HE [2, 33]. Furthermore, 
it has been suggested that the finding of high globus pallidum intensity in brain MRI 
could identify those patients at a higher risk of developing HE or that may have 
minimal subclinical HE, but this finding still has to be confirmed [8].

 Pulmonary Arterial Hypertension (PaHT) 
and Hepatopulmonary Syndrome (HPS)

Effects of circulating endotoxins [37] might contribute to the development of 
either hepatopulmonary syndrome (HPS) with chronic hypoxemia or pulmonary 
arterial hypertension (PaHT). The development of HPS and PaHT, although not 
fully understood, could be in relation to intestinal vasoactive mediators [37–39] 
that, having bypassed the liver and not being properly metabolized, reached the 
pulmonary vascular bed. These vasoactive mediators would induce a long-stand-
ing pulmonary vasoconstriction in the case of PAHT [39, 40] or, on the contrary, 
pulmonary vasodilation in the case of HPS.  Development of pulmonary 
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complications in CEPS has not been associated to neither the presence of other 
congenital cardiac malformations nor to the type of CEPS. PaHT has been esti-
mated to be present in around 20% of patients with CEPS [8, 34], but it is impor-
tant to underline that it may be underestimated if not specifically looked for 
because most patients are asymptomatic in the early stages of the disease. Severe 
PaHT leading to death has been reported [33].

 Liver Nodules

Liver nodules are a frequent CEPS complication, affecting around 50–70% of 
patients. Nodules can be unique or multiple and can present at all ages. Liver 
nodules are probably a reaction to uneven perfusion due to the misbalanced exces-
sive increase of arterial blood flow trying to compensate the diminished portal 
blood flow. The misbalanced flow would result in atrophy of ischemic areas and 
nodule formation in well perfused areas [41]. The diagnosis and characterization 
of liver nodules in patients with CEPS is reached as usual using current radio-
graphic imaging techniques as well as histochemical and immunohistochemical 
analysis of the nodules. Most of the reported nodules (although not always sup-
ported by histological proof), have been described as focal nodular hyperplasia 
and regenerative nodular hyperplasia (70%). Hepatocellular carcinoma (HCC, 
10%) and adenomas (20%) are also found, although in a lower proportion [2, 40, 
42–45]. Less frequently, hepatoblastoma and sarcomas have also been reported 
[27]. However, in the context of better imaging accuracy in the recent years, the 
incidence of reported neoplastic nodules is increasing, especially in patients 
reaching adulthood.

Previous observations suggested that the development of liver nodules was 
more frequent in type I CEPS than in type II CEPS [42, 45, 43]. Interestingly 
however, recent data suggest that this is the case only for HCC: HCC appears 
almost exclusively in type I CEPS, probably in the abovementioned setting of 
more severe alterations in liver perfusion in type I CEPS [46, 47]. It has also been 
proposed that HCCs are more frequent in men while adenomas usually present in 
women [8].

It is well known that adenomas have a risk of malignant transformation to HCC 
and it is important to take into account this possibility when monitoring patients 
with CEPS [42, 43]. In this regard, adenomas with β-catenin mutations are consid-
ered to be at a higher risk of malignant transformation when compared to other 
subtypes, and this has also been proved in nodules arising on a background of CEPS 
independently of their size and histological appearance [42]. Overall, these data 
support the need of performing a careful and periodic screening for liver nodules in 
patients with CEPS. Nodule biopsy should be considered if imaging characteriza-
tion is inconclusive.
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 Management and Treatment

There are no clinical guidelines addressing CEPS management and therefore its 
treatment is highly variable among different centres. CEPS complications such as 
hepatic encephalopathy, HPS, PaHT or neoplastic nodules can be approached with 
their usual standard medical treatment. However, what remains controversial is 
whether shunt closure is necessary in all cases (including asymptomatic patients), in 
which patients it can be performed and in which patients it would be preferable to 
perform a liver transplantation.

Shunt closure can be performed either radiologically or surgically, although usu-
ally radiological endovascular closure is the first-line option because it is considered 
to be less invasive and safer [5].

Published data suggest that shunt closure and the restoration of portal blood flow 
to the liver have a huge efficacy managing most CEPS complications (regression of 
HE and hepatopulmonary syndrome, disappearance of benign nodules). However, 
shunt closure should be considered early in the evolution of the disease because it is 
not clear whether chronic long-established complications could fully reverse in spite 
of shunt closure. Indeed, divergent results have been reported in the field of pulmo-
nary arterial hypertension as in some patients regression of PaHT can be difficult to 
achieve, and this has been related to the severity and duration of the disease [8]. As 
expected, no changes in established neoplastic nodules have been reported after 
shunt closure.

Although further data is needed to confirm these findings, some reports also sug-
gest that pre-emptive shunt closure could prevent the development of CEPS compli-
cations [12, 40], thus supporting the recommendation of closing the shunt even in 
asymptomatic patients.

Formerly, it was considered that the only curative treatment for patients with type 
I CEPS was liver transplantation. However, the incorporation of recent imaging 
techniques such as angiography and the possibility to perform a radiological shunt 
occlusion test, have shown that, even in previously misdiagnosed type I CEPS, there 
are sometimes hypoplastic remnant intrahepatic portal branches [3, 5, 24]. 
Intrahepatic portal flow could be restored in patients with hypoplastic veins with a 
low incidence of complications if a trial occlusion test with pressure measurements 
and assessment of the physiologic consequences of sudden cessation of flow through 
the shunt was performed [3]. In this regard, a recently published pediatric report 
including 42 patients has helped to reinforce the concept that preoperative venogra-
phy delineates shunt morphology and balloon occlusion simulates closure hemody-
namics. This data is necessary to determine whether definitive closure should be 
performed through endovascular or surgical methods an whether closure should be 
performed in a single or staged setting [48].

Concerning shunt closure complications, some authors have suggested that pro-
phylactic anticoagulation could also be useful to prevent thrombosis after shunt 
closure [2, 4].
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Liver transplantation has also been reported to be a successful treatment for 
CEPS but its indication is currently being reduced to patients with neoplastic nod-
ules (especially hepatocelular carcinoma) or with technical difficulties for shunt 
closure.
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Chapter 6
Budd-Chiari Syndrome: Hepatic Venous 
Outflow Tract Obstruction

Virginia Hernández-Gea, Anna Baiges, Fanny Turon, 
and Juan Carlos Garcia-Pagan

 Introduction

Hepatic venous outflow tract obstruction (HVOTO) or Bud-Chiari syndrome (BCS) 
is characterized by the hepatic venous outflow obstruction anywhere from the small 
hepatic veins (HV) to the junction of the inferior vena cava (IVC) and the right 
atrium in the absence of cardiac or pericardial obstruction and hepatic veno- 
occlusive disease [1–3]. Although it can be rarely caused by extrinsic compression 
or intraluminal mass (tumoral, infectious or parasitic), this review is focused on 
primary BCS, in which obstruction originates in the vein caused by an endoluminal 
venous lesion (thrombosis or vascular web).

 Etiology and Risk Factors

BCS is a rare disease affecting mainly young people (median age at diagnosis 
35–40 years) [4–6] with an incidence of 1 per million per year and usually associ-
ated with a prothrombotic condition [4]. Underlying disorders including hereditary 
and acquired hypercoagulable states and a miscellanea of other causes can be found 
in about 75% of patients with BCS [3].

An extensive etiological study of prothrombotic systemic disorder (Table 6.1) is 
mandatory at the diagnosis of BCS. Moreover in at least 35% of BCS patients more 
than one prothrombotic condition can be identified [4, 7] justifying that even when 
one causal factor is identified, additional factors should be investigated.
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There are also a variable number of patients in whom no risk factor can be identi-
fied, although the percentage has significantly decreased in recent studies suggest-
ing an improvement in their detection [1, 8]. Identically, recent data coming from 
Asia, where the prevalence of prothrombotic disorders was traditionally low, show 
a higher detection probably due to an improvement in their detection [9, 10].

In more than 40% of European patients with BCS an underlying myeloprolifera-
tive neoplasm (MPN) can be detected. Indeed, BCS is 10,000-fold more common in 
patients with MPN than in the general population [11] both in Western and Eastern 
countries, with the exception of China where it is less common [9]. Among MPN, 
polycythemia vera is the most prevalent type associated with BCS, whereas essen-
tial thrombocythemia and myelofibrosis are less commonly identified [12].

Due to the very high prevalence of underlying somatic mutation in patients with 
MPN, identification of JAK2 V617F, JAK2 exon 12 and Calreticulin mutations are 
the major diagnostic criteria for MPN diagnosis. In BCS patients with typical hema-
tological features of MPN, JAK2 can be found in up to 30–40% and even in the 
absence of hematological alterations it can be detected in 17% of the cases [13]. 

Table 6.1 Prevalence of prothrombotic disorders in two recent European BCS cohort studies with 
69 and [5, 58] 99 BCS patients

N tested % Positive

Acquired disorders

Myeloproliferative neoplasms 168 41
Antiphospholipid syndrome 165 10
Paroxysmal nocturnal hemoglobinuria 152 7
Inherited disorders

Factor V Leiden 165 8
Factor II gene mutation 168 3
Protein C deficiency 150 5
Protein S deficiency 147 4
Antithrombin deficiency 153 1
External factors
Recent pregnancy 168 1
Oral contraceptive use 168 22
Systemic diseasea 168 6
Local factor

Inflammatory intra-abdominal lesionsb 168 2
Intra-abdominal surgery 168 1
Abdominal trauma 168 2
No causec 168 24
>1 risk factor 168 19

aConnective tissue disease, celiac disease, Behçet’s disease, mastocytosis, inflammatory bowel 
disease, human immunodeficiency virus infection, sarcoidosis, myeloma
bAcute pancreatitis, biliary or intestinal infection/inflammation
cIncluding oral contraceptive use and pregnancy
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Additionally, Next-generation sequencing (NGS) has recently described as a poten-
tial useful tool capable of detecting JAK2 exon 12 mutations not previously detected 
by conventional techniques in this setting [14]. This is of special consideration as 
JAK2V617F in BCS is associated with poor prognosis and more severe presenta-
tion [15].

Other prothrombotic disorders have been associated with BCS, mainly factor V 
Leiden that is twice as high in patients with BCS than in general population both in 
Western and Eastern countries (except for China) [16]. Other less common associ-
ated disorders are paroxysmal nocturnal hemoglobinuria (HPN) and antiphospho-
lipid syndrome. A study evaluated cytometry of 10 patients with HPN and BCS and 
showed that in all but one patient more than a half of the circulating granulocytes 
were affected by PNH (PNH-clone size >50%). Patients with HPN and PBH-clone 
size >50% are considered those with greater clinical expression of the disease and 
candidates for prophylactic treatments [17]. Inherited protein C/S or antithrombin 
deficiencies can also be found although its detection in patients with chronic liver 
disease is challenging [18, 19]. The ratio of protein C antigen, protein S antigen or 
antithrombin value to (factor II + factor X)/2 below 0.7 suggested the presence of 
hereditary deficiencies and it is recommended to investigate it [18].

Another systemic disease associated with BCS is Behcet’s disease, a disorder 
characterized by the presence of recurrent oral and genital ulcerations and eye 
lesions [20].

Local factors such as abdominal infection or inflammatory diseases and local 
trauma have been reported in 11–25% of BCS patients, less frequently than in 
patients with thrombosis of the porto-mesenteric axis [1, 4, 7, 21].

Oral contraceptives, pregnancy and immediate postpartum are well-known pro-
thrombotic factors that may increase the risk of BCS development; however when it 
develops other underlying thrombophilia has to be exhaustively sought [22, 23].

 Manifestations

Obstruction of the hepatic venous outflow leads to venous stasis and congestion 
increasing hepatic sinusoidal pressure and causing portal hypertension. Presentation 
may vary from asymptomatic cases to fulminant liver failure depending on the 
extent and rapidity of vein obstruction and the development of decompressive 
venous collaterals. Frequently, the diagnosis is made after portal hypertension 
related complications arise. Abdominal pain (61%), hepatomegaly (67%) and asci-
tes (83%) is the most frequent clinical triad in European patients [1]. Moreover, 
esophageal varices can be detected in more than 50% of patients at diagnosis [1]. 
15% of the cases can remain asymptomatic due to partial thrombosis accompanied 
by the formation of decompressive venous collaterals with frequent atrophy of the 
affected liver and hypertrophy of those segments well drained. These patients are 
usually incidentally diagnosed when studying mild alteration of liver enzymes [1, 
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24]. Conversely, if the thrombosis is rapidly formed and extensive, acute liver fail-
ure may arise with high mortality if not adequately treated. It is not infrequent, 
despite severe acute onset, to find signs of chronic liver disease as thrombosis can 
recur in a patient with previous hepatic vein occlusion that initially achieved enough 
hepatic outflow to maintain the patient compensated.

Blood test may reveal mild transaminases elevation and decrease prothrombin 
time in severe cases. Low cellularity and high protein content ascites may also help 
in the diagnosis of BCS [25, 26].

In eastern countries however, the most frequent presentation are clinical decom-
pensation of portal hypertension, abdominal portosystemic collaterals and lower 
limb edema or ulcers as the main common site of thrombosis is the inferior vena 
cava alone or combined with hepatic vein obstruction [27, 28].

Up to 60–80% of patients with BCS have regenerative nodules in imaging exams. 
Typically they are multiple (more than 10 lesions), small in size (under 4  cm), 
hypervascularized and disseminated throughout the liver [7]. Malignant transforma-
tion may occur during follow up, with a 5-year cumulative incidence of 7% [29]. In 
a recent systematic review addressing prevalence, rates ranged from 2–46%, prob-
ably due to heterogeneity of the studies included [30]. A higher risk of hepatocel-
lular carcinoma (HCC) development has been described in patients with long-term 
IVC obstruction [31], although predisposing factors remain unknown. Radiological 
diagnosis of BCS-associated nodules remains challenging. Benign nodules may 
present the typical radiological features and vascular enhancement pattern of HCC 
in cirrhosis and may increase in number and size over time [29, 32, 33]. Consequently, 
HCC diagnosis in a patient with BCS always requires histological confirmation. A 
level of alpha-fetoprotein above 15 ng/ml has been suggested as biomarker for HCC 
in BCS patients, although it cannot be recommended in clinical practice until vali-
dated in larger studies [2, 29].

 Diagnosis

Clinical manifestations are very heterogeneous, justifying suspicion in any patient 
with acute or chronic liver disease of unknown origin and/or with an underlying 
prothrombotic condition (Fig.  6.1). Diagnosis requires demonstration of hepatic 
venous flow obstruction and non-invasive imagining techniques (Doppler ultraso-
nography, CT-Scan or MRI) are the mainstay of diagnosis. Doppler ultrasound, per-
formed by an experienced operator, has a sensitivity higher than 75% and should be 
the first choice option [2]. Typical ultrasound features of venous obstruction are: 
identification of thrombus, non-visualization of the HV, collateral veins and trans-
formation of the HV into a cord lacking flow signals, caudate lobe hypertrophy and 
a caudate vein greater than 3 mm [34, 35]. Usually, the role of MRI and CT-Scan is 
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diagnosis confirmation and should be of choice in the absence of an experience US 
operator. They can depict a rapid clearance of dye from the caudate lobe and patchy 
hepatic enhancement due to uneven portal perfusion.

Hepatic venography may be helpful in cases of uncertain diagnosis and the most 
typical sign is the presence of a spiderweb pattern drawing collateral circulation 
(Fig. 6.2).

Liver biopsy is not necessary for diagnosis unless BCS due to small intrahepatic 
veins obstruction is suspected. In these patients, liver histology is the only way to 
achieve diagnosis. In the other circumstances, histological changes are supportive 
but not pathognomonic (congestion, coagulative necrosis or simple loss of hepato-
cytes without inflammatory infiltrates and/or fibrosis) as they may be found in other 

Clinical suspicion 

Confirm venous 
obstruction

Ultrasound
(CT-Scan/MRI)

PHT related 
complications

Ascites 

Esophageal varices

Associated disease 
workup

MNP

Systemic disease

Thrombophilia

Local factor

Fig. 6.1 Proposed diagnostic algorithm for Budd-Chiari syndrome
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congestive etiologies. Histologic findings are also no reflective of disease severity 
as liver damage maybe patchy and very heterogeneous [2].

 Treatment

Treatment of BCS is based on three mainstays: management of portal hypertension, 
treatment of the underlying disease and restoring hepatic venous outflow.

 5.1. Portal hypertension complications (treatments of ascites, prophylaxis of vari-
ceal bleeding…) should be managed as recommended for liver cirrhosis 
[2, 36].

 5.2. Management of the underlying prothrombotic disorder. A prompt diagnosis of 
the underlying prothrombotic disorders and its specific treatment should be the 
main goal in BCS as it markedly influences the outcome and/or prevent throm-
bosis progression.

 5.3. Hepatic venous outflow restoration. The most recommended and supported 
approach is a progressive therapeutic strategy [2, 8, 36] stepping from less 
to more invasive treatments according to the clinical response of the patient. 
However, the main challenge is to recognize the good time to step forward 
in a given patient, representing an important reason why these patients 
should be managed in referral centers with a dedicated multidisciplinary 
team of hepatologist, radiologists, hematologist and specialist in systemic 
disorders.

 5.3.1 Anticoagulation represents the first step, with the aim of achieving vein 
recanalization but mainly of preventing thrombosis progression. All 

Fig. 6.2 Presence of a 
spiderweb pattern drawing 
collateral circulation in a 
patients with BCS
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patients with diagnosis of BCS even in the absence of symptoms or of a 
recognized prothrombotic disorder should receive anticoagulation. Just 
with the use of early and long-term anticoagulation a 5-year intervention 
free survival with control of the disease is achieved in approximately 
25% of patients, especially in mild/moderate cases in both Western and 
Eastern patients. Low molecular weight heparin followed by vitamin k 
antagonist, once the patient is in stable conditions, is the most frequent 
anticoagulation approach. Unfractionated heparin should be avoided due 
to risk of heparin-induced thrombocytopenia [8]. Data with DOACS are 
very limited, although promising, but BCS is not an approved indication 
yet [37, 38].

 5.3.2 Thrombolysis. In selected cases of recent and incomplete thrombosis, 
and always at experienced centers, local instillation of recombinant 
tissue plasminogen activator after catheterization of the thrombosed 
hepatic vein and in combination with another interventional proce-
dure (e.g. angioplasty, stenting) may help to restore venous outflow 
[39]. Bleeding complications can occur and can even be fatal. Thus, 
this strategy is contraindicated in patients with a potentially hemor-
rhagic condition or who had any invasive procedure in the previ-
ous 24 h.

 5.3.3 Percutaneous angioplasty. In cases of segmental stenosis, percutaneous 
transluminal angioplasty with or without stenting may restore hepatic 
vein outflow relieving symptoms with an adequate safety profile. 
However, in the European population this therapeutic approach only 
account for 10% of the cases [6]. In Asia, where IVC obstruction pre-
dominates, combination of angioplasty and stenting can achieve 
patency in more than 80% of the patents at 5 years [40]. A recent RCT 
suggested that routine stenting with angioplasty is superior to angio-
plasty alone in patients with Budd-Chiari syndrome with short hepatic 
vein stenosis and this approach should be the first choice treatment 
[41]. However, this study has been challenged by the fact that no 
changes in survival were observed with this approach and in 60% of 
patients receiving angioplasty alone no reestenosis was observed [42]. 
Therefore, current evidence shows that there is still room for trying 
angioplasty first and reserving stenting for failures [42]. Similarly, it 
has been suggested that retrievable stents may prevent long-term occlu-
sions and stenosis, however data need to be confirmed before their rec-
ommendation [43].

 5.3.4 Derivative techniques that convert the portal system into an outflow 
tract aimed to decompress the liver may be necessary when all the 
above fails. Mesocaval surgical shunts or mesoatrial shunt (by passing 
the inferior vena cava when the obstruction is localized also at this 
level) were the only derivative techniques available before the 90s 
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[44, 45]. These surgical procedures are associated with a high early 
morbi-mortality. Indeed, patients requiring decompresive surgery are 
in poor conditions developing frequent surgical complications. 
Moreover, shunts frequently thrombose. A variable percentage of 
patients (32%–68%) in whom the shunt remained patent during fol-
low up had excellent outcome [46, 47]. Currently, decompressive sur-
gery has been almost completely replaced by the less invasive 
transjugular intrahepatic portosystemic shunt (TIPS) which has dem-
onstrated to be more effective in maintaining patency (67% at 2 years 
using PTFE-covered stents). TIPS however should be placed in cen-
ters of expertise due to technical difficulty, as it often requires a trans-
caval approach for the portal vein puncture. In a  European cohort of 
157 patients with BCS, 40% required treatment with TIPS.  In most 
patients (73%), TIPS was placed during the first 6 months after diag-
nosis due to persistence of symptoms despite medical therapy. In this 
cohort, 5-year survival without need of liver transplant (requiring 
TIPS and/or angioplasty in association to anticoagulation) was of 
72% [6]. In Asian countries, TIPS is less frequently needed as the 
main site of obstruction is the IVC requiring angioplasty/stenting 
obtaining similar outcome than in the European cohorts [48, 49].

 5.3.5 Liver transplantation (OLT) represents the last therapeutic option in 
those patients in whom the previous mentioned approach fails. In addi-
tion, OLT may be the first step in patients with fulminant hepatic fail-
ure. As it happens with TIPS, OLT in BCS may be technically difficult 
due to retroperitoneal fibrosis, increased size of the caudate lobe and 
occlusion of the HV ostia. Post OLT survival rate has improved over the 
years and in European patient. In a large cohort of patients in whom 
OLT was in most cases used as a first treatment option (previous TIPS 
was only performed in a few patients) the overall survival was 76%, 
71% and 68% at 1 year, 5 years and 10 years respectively [50]. These 
survival rates were similar to those observed when using a stepwise 
treatment and accordingly only applying OLT to 7% of patients rein-
forcing the benefit of the stepwise approach while saving a large num-
ber of liver graft for other indications [51]. Interestingly, the previous 
use of TIPS does not seem to worsen post-OLT prognosis if patients 
finally require OLT [51].

Management of the underlying prothrombotic disease leading to BCS becomes 
relevant after OLT. Indeed, it may be cured with the transplant such as in the case of 
protein C or S deficiency but also may impact the outcome post-OLT if not 
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adequately treated such as in the case of MPN.  Thus, patients with MPN may 
require long-term post-OLT anticoagulation, aspirin or antiproliferative treatment 
depending of the thrombotic risk and should be closely monitored to prevent/detect 
recurrent thrombotic complications [52, 53].

 Pregnancy

Good outcome has been demonstrated in patients with BCS during pregnancy, 
hence it should not be contraindicated although risk of miscarriage and premature 
birth are increased [22]. Patients should be managed by a multidisciplinary team 
including obstetricians experienced in high risk pregnancies. Anticoagulation dur-
ing pregnancy and postpartum should be maintained if patient was already under 
anticoagulation. Low molecular weight heparins are the preferred agent for antico-
agulation during pregnancy while vitamin K antagonists are not recommended 
since it cross the placental barrier and carry teratogenicity. In patients with no previ-
ous anticoagulation, its initiation should be evaluated individually depending in 
prothrombotic state and obstetrical history.

Assisted vaginal delivery remains the recommended strategy [22]. Patients 
should be screened for portopulmonary hypertension, as it can be worsen during 
pregnancy. Screening for esophageal varices is recommended during second trimes-
ter if patient is not on beta-blockers to apply proper prophylaxis.

 Prognosis

The outcome of BCS has improved in the last decades due to a higher degree of 
suspicion leading to early stage diagnosis but also to a better management. 5 years 
survival in the largest prospective multicenter cohort of European BCS patients was 
85% [6]. Although initially suggested, the presence of lesions at liver biopsy does 
not contribute to predict outcome in BCS [54].

Liver function is an independent predictor of outcome in BCS [54, 55]. ALT 
≥5 × ULN at presentation has been associated with a poor outcome if there is not 
a rapid decrease in ASAT levels in the following few days [11, 56]. Specific BCS 
prognostic scores are useful for predicting transplant-free survival of futility for 
invasive therapy (Table 6.2). However, none of these prognostic scores can pre-
dict individual prognosis and cannot be used to guide individualized manage-
ment [57].
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Chapter 7
Extrahepatic Portal Vein Obstruction: 
Recent Portal Vein Thrombosis and Portal 
Cavernoma in the Absence of Cirrhosis

Aurélie Plessier

Abbreviations

CT scan Computerized tomography scan
DOACS Direct oral anticoagulants
EHPVO Extrahepatic portal vein obstruction
HCC Hepatocellular carcinoma
HCA Hepatic cell adenoma
MPN Myeloproliferative neoplasm
MRI Magnetic resonance imaging
SIRS Systemic inflammatory response syndrome
TIPS Transjugular porto systemic shunt
PSVD Porto sinusoidal vascular disease

 Definition and Epidemiology of Recent (or Acute) and Chronic 
Extrahepatic Portal Vein Obstruction

Extrahepatic portal vein obstruction (EHPVO) is the obstruction of the extrahepatic 
portal vein, and/or right or left branches, associated or not to obstruction of other 
segments of the splanchnic venous axis. It does not include isolated thrombosis of 
the splenic or superior mesenteric veins. EHPVO secondary to malignant tumor 
(frequently but improperly referred to as malignant thrombosis) is considered as a 
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different entity, related to encasement or invasion of the veins by malignant tumors, 
including primary hepatobiliary malignancy most often in the presence of cirrhosis.

We will here discuss non-malignant EHPVO in the absence of cirrhosis. In this 
context, portal venous obstruction is due to thrombosis or fibrous stenosis of these 
veins. EHPVO is either recognized at a recent stage (so called acute) or at a 
chronic stage, as a sequel of portal vein obstruction, most often recognized by 
porto-portal collaterals (so called portal cavernoma). Acute EHPVO refers to 
recent obstruction while chronic EHPVO refers to a long standing obstruction. We 
prefer using the term “recent EHPVO” rather than acute EHPVO. Indeed, precise 
determination of the date of occurrence of acute EHPVO is difficult, the diagnosis 
being often made during a 1–2  weeks period of time, based on symptoms and 
imaging. Moreover, acute portal vein thrombosis (rethrombosis) may also occur in 
patients with preexisting chronic obstruction of the portal venous system (ref 
manifestations).

Nonmalignant EHPVO in the absence of cirrhosis is a rare disease, the inci-
dence of which has been estimated in Europe 0.7 and 3/100,000 inhabitants per 
year, and the prevalence 3/100,000 inhabitants [1, 2]. Malignant and cirrhotic por-
tal vein obstruction is much more frequent. In a Swedish autopsy series of portal 
vein obstruction, 28% had cirrhosis, 23% had primary and 44% secondary hepato-
biliary malignancy [3]. In both Swedish and Italian registry series, 31–35% had 
cirrhosis and 21%–40% had primary or secondary hepatobiliary malignancy [2, 3]. 
Causes of non-malignant EHPVO will only be overviewed in this chapter as they 
are described in part 2 of this book. In Europe, a general prothrombotic condition 
and a local factor are identified in approximately 60% and 30% of adult patients, 
respectively. In adults, several factors can be found simultaneously in the same 
patient. No cause is identified in 1/3 of patients. Suffice to emphasize here that a 
local factor is more frequently present than in thrombosis of the hepatic veins and 
that a general factor is found in one third of patients with a local factor in patients 
with recent portal vein obstruction [4]. Among local risk factors, inflammatory, 
malignancy, or surgical trauma to the portal venous system (at portosystemic 
shunting or splenectomy particularly in patients with portal hypertension) are most 
commonly incriminated. Appendicitis, diverticulitis, inflammatory bowel disease, 
acute CMV infection, pancreatitis, cholecystitis, and cholangitis can cause septic 
or nonseptic, recent EHPVO. Moreover, portal vein obstruction occurs in 10–50% 
of patients with portosinusoidal vascular disease (PSVD) and PSVD is found in 
20% of patients who had a liver biopsy for abnormal liver tests, or dysmorphic liver 
in the context of acute portal vein obstruction [4]. In Europe, myeloproliferative 
neoplasm is the most prevalent risk factor for non-cirrhotic, non- malignant 
EHPVO. In a recent study including 312 patients with vascular liver disease (99 
with Budd Chiari syndrome and 213 with EHPVO), Jak2 V617F mutation was pres-
ent in 19%. Combining enlarged spleen (bipolar diameter >16  cm) and platelet 
counts >200,000/μL had a positive predictive value of 56% (5/9) and a negative 
predictive value of 100% (0/233) for the identification of CALR mutations [5]. In 
children, etiological investigations usually failed to document an underlying 
condition.
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 Manifestations, Outcome and Complications

Manifestations range in severity from the absence of symptom to intestinal infarc-
tion, and this diversity is related to the time (recent or long standing) and site of 
obstruction, the extension of thrombosis to mesenteric vein and radicles, and to the 
presence of a pre-existing cavernoma [6].

Due to an improved availability and sensitivity of non-invasive imaging, the 
diagnosis of EHPVO is now more frequently done at an early stage of recent portal 
EHPVO [7].

 Recent EHPVO

In a prospective multicentre European survey, the main clinical features recorded in 
patients with recent portal vein thrombosis were abdominal pain (present in 90% of 
patients), and a systemic inflammatory response syndrome (SIRS) (in 85%) [4]. These 
features contrast with local or systemic infection, being present in only 20% of these 
patients. Nausea, anorexia, asthenia and ileus, are common. Mild ascites is present in 
50% of patients, and usually only visible on imaging. On physical examination, most 
patients have spleen enlargement. Forty percent of these patients have an MPN [4]. 
Therefore, finding spleen enlargement may increase the suspicion of a MPN, or the 
suspicion of previously existing portal hypertension. The abdomen may be distended. 
The absence of guarding, contrasting with the severity of abdominal pain, has long 
been considered as a feature suggestive for mesenteric venous thrombosis. Liver tests 
are usually normal or only mildly elevated. Septic pylephlebitis is associated when 
there is a superimposed bacterial or fungal infection of the thrombus. In this context, 
blood cultures most frequently grow Streptococcus viridans, Escherichia coli, or 
Bacteroides fragilis. Polymicrobial infection is present in 25% of the patients with 
septic pylephlebitis, and a liver abscess can be associated [8].

Intestinal infarction is a severe early complication, with a high risk for intestinal 
resection (and short bowel syndrome as a sequel) and high mortality rate in the 
absence of anticoagulation therapy. Intestinal infarction occurs only when EHPVO 
extends to the superior mesenteric vein [9]. Persisting severe abdominal pain despite 
adequate anticoagulation therapy, organ failure (shock, renal failure, metabolic aci-
dosis, elevated arterial lactates), guarding or contracture, massive ascites, rectal 
bleeding, are features suggestive for intestinal infarction. In a recent study, factors 
independently associated with transmural necrosis were: organ failure, serum lac-
tate levels >2 mmol/l and bowel loop dilation on computerized tomography scan 
[10]. Transmural necrosis rate increased from 3% to 38%, 89%, and 100% in 
patients with 0, 1, 2, and 3 of these factors, respectively [10]. In another study, dia-
betes was the only factor independently associated with intestinal resection [11]. In 
a Swedish autopsy series of 270 patients with porto-mesenteric thrombosis, infarc-
tion was associated with venous thrombo-embolism in other sites [9].
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 Chronic EHPVO (Portal Cavernoma)

Complications of chronic EHPVO have been assessed in a recently reported retro-
spective study [12]. Associated portal hypertension features were an enlarged 
spleen, reduced blood-cell counts, gastroesophageal varices, or portosystemic col-
laterals at abdominal imaging. Gastrointestinal bleeding were the most frequent 
complications.

In children, chronic EHPVO is most often diagnosed in the presence of thrombo-
cytopenia, splenomegaly and inaugural hemorrhages. Growth retardation and occult 
encephalopathy have also been described [13, 14].

In patients without varices, the probability of developing varices was 2%, 22%, 
and 22% at 1, 3, and 5 years, respectively. In those with small esophageal varices, 
growth to large oesophageal varices (LEV) was observed in 13%, 40%, and 54% at 
1, 3, and 5 years, respectively. In patients with LEVs on primary prophylaxis, the 
probability of bleeding was 9%, 20%, and 32% at 1, 3, and 5 years, respectively 
[12]. Ascites is usually triggered by gastrointestinal bleeding or infection, and con-
trasts with features of otherwise preserved liver function.

A retrospective study analyzed the risk of recurrent thrombosis in patients with 
EHVPO [15]. Among 119 such patients, incidence rate of recurrent thrombosis (all 
types of thrombotic events) was 3.4 (95% CI, 0.1–6.7) per 100 patient-years during 
the first year after portal vein thrombosis, 6.4 (95% CI, 1.3–11.5) per 100 patient- 
years during the second year, and 7.7 (95% CI, 1.6–13.8) per 100 patient-years 
during the third year [15]. The incidence of recurrent thrombotic events in the portal 
venous system was 0.64 and 1.87 per 100 patient-years in patients with and without 
anticoagulant therapy, respectively (RR, 2.9; 95% CI, 0.6–14).

Portal cavernoma cholangiopathy corresponds to biliary obstruction ascribed to 
extrinsic compression or to ischemia caused by portal collateral vessels, leading to 
fixed stricture formation in the setting of chronic EHPVO. The Indian Association 
for the Study of the Liver consensus statement defines it as abnormalities in the 
extrahepatic biliary system including the cystic duct and gallbladder with or without 
abnormalities in the first and second generation biliary ducts [19]. It most com-
monly occurs in non-cirrhotic patients with obstruction of the portal and mesenteric 
vein or splenic vein, but it has also been described in cirrhotic portal vein thrombo-
sis [20, 21]. The majority of patients is asymptomatic. Biliary symptoms related to 
portal cavernoma cholangiopathy such as biliary pain, pancreatitis, cholecystitis, 
cholangitis are less frequently encountered (in 5–20% of the patients) than portal 
hypertension related complications [15–18]. Symptoms seem to occur rapidly in 
patients with severe imaging strictures (grade 3 cholangiopathy) or in patients with 
long lasting disease [18, 21]. Biliary pain, cholangitis, or detectable jaundice may 
be secondary to bile duct stones (5–20%) or cholangitis. As compared with asymp-
tomatic patients, patients with symptomatic portal cavernoma cholangiopathy are 
older, have a longer duration of disease, gallbladder stones, dilated segments of bile 
ducts, presence of gallstones and common bile duct stones and abnormal liver func-
tion tests [19, 22]. Recurrent, progressive disease is frequent in symptomatic 
patients.
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Lastly, cardiovascular complications such as intra-pulmonary shunts and pulmo-
nary hypertension have been reported in EHPVO [23, 24].

 Diagnosis of EHPVO

1. Imaging Doppler Ultrasound, Contrast-Enhanced Computerized Tomography 
(CT) Scan and Magnetic Resonance Imaging (MRI) How to establish a diagno-
sis of EHPVO?

A diagnosis of EHPVO can be stablished.

 1. when there is evidence for a thrombus in the portal vein lumen; or,
 2. in the absence of visible lumen corresponding to the portal vein, when there are 

numerous, serpiginous porto-portal collaterals in the porta hepatis or hilus region.

Nonspecific signs of EHPVO include extrahepatic porto-systemic collateral cir-
culation, perfusion abnormalities, a dysmorphic liver, a mild irregular dilatation of 
the bile ducts and signs of portal hypertension [25, 26]. Pancreatic cavernoma may 
mimic pancreatic cancer at imaging due to heterogeneous enlargement, of the pan-
creas and irregularities of the main pancreatic duct [27]. Cystic cavernoma may 
mimic cholecystitis by enlarging its wall which enhances at the portal phase due to 
portoportal collaterals running in its wall.

Doppler ultrasound has a sensibility and specificity for the diagnosis of EHPVO 
in adults and children of 80% to 100%. Some limitations have to be kept in mind. 
Diagnostic sensitivity is lower in patients with incomplete obstruction, as well as 
with recent thrombosis or isolated mesenteric obstruction; furthermore, visualiza-
tion is reduced in obese patients, and in patients with abundant bowel gas, but reli-
ability improves with informed and experienced radiologists [25, 28]. At Doppler 
ultrasound, specific signs for EHPVO include a hypo/isoechogenic thrombus in the 
lumen, or/and the absence of flow within part or all the lumen of the portal vein, or 
the absence of visible lumen corresponding to the portal vein; and the presence of 
numerous, tortuous, hepatofugal neo-veins in porta hepatis. Contrast CT evaluation 
adds valuable information, to confirm diagnosis and assess extension of thrombosis. 
Recent EHPVO on unenhanced CT scan is spontaneously a hyperdense clot in the 
portal vein lumen which persists at least 30 days after symptoms [6, 29, 30]. At the 
portal phase of contrast-enhanced cross-sectional imaging, acute EHPVO manifests 
as a filling defect within the obstructed vein. On both CT and MRI, the vein may be 
dilated with acute non enhancing thrombus and may be associated with edge 
enhancement of the thrombosed vein. Associated changes in hepatic perfusion may 
be seen as an increased parenchymal enhancement of the peripheral parts of the 
liver at the arterial phase with homogeneous decreased enhancement at a later 
phase. With long-standing thrombosis, non-visible portal vein is the most common 
finding on contrast-enhanced imaging, associated to the presence of numerous, ser-
piginous porto-portal neo-veins [25].
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How to exclude malignant obstruction?
Differential diagnosis of non-tumoral EHPVO is malignant obstruction of the 

portal vein. Evidence for tumor invasion of the portal vein by hepato-biliary malig-
nancy include arterial neovascularization within the thrombus at color and pulsed 
Doppler ultrasound and/or internal enhancement within the thrombus, associated to 
a typical surrounding neoplastic mass at arterial phase CT and MRI [38]. In rare 
occasions, biopsy of the portal thrombus may be needed to definitively establish the 
differential diagnosis.

How to assess complications?
CT scan provides additional information regarding the extent of the thrombus to 

the mesenteric veins and arches, the presence of a local factor, or of congestion and 
ischemia of the bowel. Features more frequently encountered in patients who will 
have intestinal resection include:

 – distal thrombosis (occlusion of second order radicles of superior mesenteric vein),
 – intestinal anomalies (homogeneous wall thickening with heterogeneous hypoat-

tenuation or hyperattenuation, dilatation of intestinal loop, abnormal or absent 
wall enhancement),

 – large volume ascites, pneumatosis, and portal venous gas [11].

Many classifications are currently used in clinical trials to characterize the exten-
sion of EHPVO, but these classifications, elaborated in, and applying to patients 
with cirrhosis, are not helpful to assess prognosis in clinical practice [31, 32].

In patients with suspected portal cholangiopathy, a cholangio-MRI helps assess-
ing prognosis. Imaging features of cholangiopathy are present in 80–100% of 
patients with portal cavernoma, but biliary disease is symptomatic in less than 30% 
of the patients [18]. A recent study has shown that strictures with dilatation (intra-
hepatic duct >4 mm or extrahepatic duct >7 mm), is associated with symptomatic 
cholangiopathy [18]. Portal cholangiopathy can mimic the MRI aspect of primary 
sclerosing cholangitis. The severity of visible strictures may contrast with the 
absence of clinical or laboratory features of biliary disease. Similarly, cavernoma 
can mimic the aspect of a tumor when developed at the hepatic hilum like a solid 
mass, so called a tumor-like cavernoma that can be confused with carcinoma of the 
main bile duct [20].

In the setting of portal blood flow deprivation, and arterial buffer compensation, 
regenerative nodules may occur. They are often multiple, with variable size (but 
frequently <3 cm), usually homogeneous, hyperintense on T1-weighting on MRI, 
with homogeneous hyperenhancement on arterial phase on IV contrast-enhanced 
CT or MRI, without washout during the portal and late phases. On T2-weighted MR 
images, they may appear to be isointense or have slight hyperintensity. In a series of 
58 EHPVO adult patients, screening for regenerative nodules, identified 12 (21%) 
patients with FNH like lesions and one with hepatic cell adenoma (HCA) [33]. In a 
pediatric series of 45 children with porto-systemic surgery (15%) liver nodules were 
identified in 7 patients within a median 80-months follow-up, including 2 with HCA 
[34]. HCC has been exceptionally described in patients with EHPVO. Differential 
diagnosis with HCC or adenoma is challenging, central scar is often lacking in HNF 
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nodules due to their small size, although the diagnostic value of iso- or hyperintense 
lesions on hepatobiliary phase MR is good [35–37].

How to rule out cirrhosis.
Hypertrophy of the caudate lobe combined to signs of portal hypertension mimic 

advanced chronic liver disease, but left lateral segment atrophy, a normal or enlarged 
segment IV and smooth liver surface are distinctive findings of cavernous transfor-
mation [27]. Therefore, when diagnosing primary EHPVO, ruling out cirrhosis is 
needed but sometimes difficult without the help of liver stiffness, hepatic venous 
pressure measurement and liver biopsy (refer to Chap. 9) [7].

2. Noninvasive and Invasive Tools
Liver stiffness (LS) and spleen stiffness (SS) measurements using FibroScan tran-
sient elastography can be used as a noninvasive tool to rule out cirrhosis, and to 
assess the risk of bleeding. Indeed, in a recent study, mean liver stiffness in non- 
cirrhotic EHPVO was significantly lower (6.4  ±  2.2  kPa) than in cirrhosis 
(40.9 ± 20.5 kPa), or PSVD (8.4 ± 3.3 kPa) [38]. In another study, LS and SS in 
patients with EHPVO (6.7 kPa ± 2.3 and 51.7 kPa ± 21.5, respectively) were low but 
still higher than in control subjects (4.6 kPa ± 0.7 and 16.0 kPa ± 3.0, respectively). 
Patients with a history of bleeding had a higher SS than did those without a bleed 
(60.4 kPa ± 5.4 vs. 30.3 kPa ± 14.2), a value >42.8 kPa predicted variceal bleed with 
a 88% sensitivity, and a 94% specificity [39]. Nevertheless in another study, still 
31% of EHPVO had LS indicative of compensated advanced chronic liver disease 
(>10 kPa) as defined by Baveno VI. These patients with EHPVO and high LS had a 
significantly higher free hepatic vein pressure (11  ±  3 vs. 6  ±  4  mm Hg) [40]. 
Therefore, even though liver stiffness is significantly lower in patients with EHPVO 
in the absence of cirrhosis, in 1/3 of the patients who still have ambiguous results, 
liver biopsy may still be needed to rule out cirrhosis or PSVD.

Mean hepatic venous pressure gradient (HVPG) can also be a useful tool to rule 
out cirrhosis. In a recent study assessing HPVG in PSVD, EHPVO and cirrhosis, 
HVPG in EHPVO was markedly lower than in cirrhosis (3.5 ± 2 vs. 17 ± 3 mm Hg, 
p < 0.001), and significantly lower than in PSVD (3.5 ± 2 vs. 7 ± 3) [38]. In this 
study, hepatic vein-to-vein communications were found in 49% PSVD patients pre-
cluding adequate hepatic venous pressure gradient measurements in 44% of the 
patients [38].

 Therapy

Therapeutic strategy varies according to the age of the patient, the age of thrombo-
sis, the severity of complications and response to therapy.

In recent EHPVO, the aims of therapy is to prevent the extension of the thrombus 
or thrombi and thereby to prevent or limit ischemic damage to the gut and to obtain 
a rapid and as complete as possible recanalization of the obstructed vessels to pre-
vent or limit the development of portal hypertension.
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 Anticoagulation, Thrombolysis, Surgery: Efficacy 
and Complications

 Recent EHPVO

Spontaneous recanalization of the portal vein is rare in adults or children with 
symptomatic obstruction, whereas it is very frequent in neonates once an umbil-
ical vascular catheter has been removed [15, 41]. There is no randomized study 
to confirm the efficacy of anticoagulation therapy in recent EHPVO. Nevertheless, 
available data support immediate initiation of anticoagulation therapy in patients 
with recent EHPVO.  Underlying prothrombotic conditions are common. 
Furthermore, outcome has improved since the introduction of routine antico-
agulation therapy, as recanalization of the portal vein and superior mesenteric 
vein occurs in 40% and 50% of patients, respectively and the incidence of mes-
enteric infarction was about 2% [4] vs. 40% in older series [6, 42, 43]. Bleeding 
complications are rare (9–15%) [4, 6, 42, 43]. Predictive factors for no recana-
lization were an abundant ascites at diagnosis or extensive thrombosis [4]. 
Therefore administration of low molecular heparin followed by coumarine 
derivatives is currently used in most centers, whatever the underlying throm-
botic risk factor [6]. Heparin-induced thrombocytopenia (HIT) has been 
reported to occur in up to 20% of EHPVO patients treated with unfractionated 
heparin, a much higher rate compared to HIT in patients without EHPVO [6], 
which justifies close monitoring of platelet counts. Available data on DOACs 
are retrospective and limited to a small number of patients (refer to Chap. 17). 
In a retrospective study on 38 patients treated for EHPVO in the absence of cir-
rhosis, no major bleeding complication of DOACS has been observed [44]. 
Caution should be made regarding drug interaction, renal failure, and the doses 
of DOAC to be used in this situation.

Patients with persistent abdominal pain despite anticoagulation, bloody diar-
rhoea and lactic acidosis have increased risk of intestinal infarction and organ fail-
ure, and therefore repermeabilization or resection of the necrotic gut are often 
needed [45]. Recently, three criteria (organ failure, serum lactate levels >2 mmol/l 
and bowel loop dilation on computerized tomography) [10] have been described 
and may also be helpful to decide timing for surgery. Death rate remains high 
(42–52%), in surgical series, in particular in patients with higher ASA classification, 
age > 70 years, late presentation, and high serum lactate levels [46, 47]. When septic 
pylephlebitis is diagnosed, prolonged treatment with antibiotic therapy adapted to 
isolated bacteria or to anaerobic digestive flora is needed. In a surgical series of 96 
patients with recent EHPVO, in whom the diagnosis of septic pylephlebitis was 
established in 44% of the patients by positive blood cultures, mortality rate was only 
11%, 67% of the patients having been treated with a combination of anticoagulation 
and antibiotic therapy. In the absence of sepsis or septic EHPVO, recent data sug-
gest to associate oral antibiotics to diminish bacterial translocation in acute mesen-
teric ischemia: [10].
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Over half the patients (55%) not achieving recanalization with anticoagulation 
therapy will develop gastroesophageal varices during their follow-up, with a 2-year 
actual probability of variceal bleeding and ascites of 12% and 16% respectively 
[48]. Radiologically severe portal cholangiopathy, developed in 30% of patients 
with acute PVT within 1 year [18].

To avoid these complications, recanalization attempt of recent EHPVO, to rees-
tablish a physiological venous outflow in so called “uncontrollable severe symp-
toms” or mesenteric ischemia or patients with extensive EHPVO, has been described 
(Table 7.1). The procedure consisted of either percutaneous, transjugular, transhe-
patic, transsplenic, transileocolic, or omental vein access to the portal venous sys-
tem in order to proceed to portal vein recanalization. Available data are limited to 
small series of less than 20 patients for the largest. Furthermore, indication for 
thrombolysis or TIPS was not always clear, as indicated in Table 7.1: progressive 
extension of the thrombus appears to be the most objective criteria [35–39]. In 3 
recently reported series of respectively 12, 17 patients and 11 patients with acute 
EHPVO, complete recanalization was obtained in respectively 60%, 52%, 20%, 
partial recanalization in 90–100%. Complication rate varies from 50% severe bleed-
ing [49] to 30% other complications in Klinger’s study [50] (including 1 artery 
pseudoanevrysm, and 2 gut resections), and 30% thrombosis of TIPS idem [50–52]. 
Interestingly, in these studies, patients with complete recanalization were free of 
portal hypertension complications and did not have recurrent symptoms over sev-
eral years.

 Chronic EHPVO

Long term anticoagulation is controversial in chronic EHPVO. Anticoagulation 
is mainly administered either in patients treated for 6 months after acute EHPVO 
but with no or incomplete recanalization, or in patients diagnosed at the stage of 
cavernoma. Three retrospective cohort studies on non-cirrhotic PVT patients, 
showed that long-term anticoagulation was associated with a reduced risk of 
recurrent thrombosis [15, 53, 54] and significantly improved survival in one 
study [55]. Recurrent thrombosis was more frequent in the presence of a pro-
thrombotic state [15, 49, 50]. In only one of these three studies, anticoagulation 
was associated to an increased bleeding risk [53]. European guidelines recom-
mend to consider permanent anticoagulation in patients with a strong prothrom-
botic condition (based on personal and familial history of unprovoked deep vein 
thrombosis, and on findings of isolated or combined prothrombotic conditions), 
or past history suggesting intestinal ischemia or recurrent thrombosis on follow-
up [6]. In all other patients, several factors including a familial or personal his-
tory of thrombosis, the identification of a permanent cause for thrombosis, the 
extension of the thrombus, probably need to be considered and discussed for 
individual patient’s decision in multidisciplinary meeting board discussion. The 
weight of each of these factors or of pro thrombotic scores such as Padua or Dash 
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score, mainly used in patients with deep vein thrombosis in other territories [56, 
57] have not yet been assessed in EHPVO and randomised studies are critically 
needed in this situation.

The course of gastroesophageal varices in chronic noncirrhotic, nontumoral 
EHPVO appears to be similar to that in cirrhosis (as above described in section 
“Manifestations”) [12]. Therefore, recommendations for treatment of portal hyper-
tension complications are similar to those recommendations for patients with cir-
rhosis. The use of β-blocker treatment in EHPVO is supported by the following 
arguments: (1) a clinically significant reduction in the pressure gradient from spleen 
pulp to the free hepatic vein [58]; (2) the reduction of the bleeding risk [15]; and (3) 
a significantly improved survival when associated to anticoagulation therapy [55]. 
In an Indian therapeutic trial in patients with non-cirrhotic portal hypertension, 
mostly chronic EHPVO, not treated with anticoagulation, after a median follow-up 
period of 23 months, rates of recurrence of bleeding were similar when comparing 
beta-blockers and endoscopic variceal ligation (EVL) (EVL, 23.5%; propranolol, 
18%; p = 0.625) [59].

In patients with persisting complications of portal hypertension, refractory to 
first line therapy, more invasive procedures such as portal vein recanalization 
(Table 7.2) have been proposed. One recent study shows promising results: indica-
tions for recanalization were portal hypertension bleeding in 6 patients, symptom-
atic biliopathy in 2 and preoperative portal decompression in 4 patients: 13/15 
patients with EHPVO diagnosed since 44 months, had a successful recanalization of 
the portal vein, with 2 mild complications. More importantly, portal hypertension 
bleeding resolved in 5/6 patients, bilirubin normalised in one patient with severe 
jaundice and biliopathy, and 5 patients had no complications of abdominal surgery. 
In patients with extensive intrahepatic obstruction to segmental and distal branches, 
recanalization was either not feasible or systematic recurrent obstruction was seen. 
Preoperative imaging lacked diagnostic accuracy in predicting feasibility. 
Conversely, portography performed at the beginning of the procedure may be help-
ful to identify patients with extensive intrahepatic obstruction [60]. Adding TIPS 
insertion to trans-splenic portal vein recanalization (PVR-TIPS) has been 

Table 7.2 Interventional radiology recanalization (associated or not to TIPS) in chronic EHPVO

Qi 2012 [62] Denys 2018 [60]
Kallini 2016 
[61]

N 20 15 5
Associated TIPS 20 0 5
Recanalization 
success

7 + 2 in collaterals 13 5

Complications 1 bleeding
2 TIPS dysfunction

1 liver haematoma
1 hyperamylasemia from wirsungo 
portal fistula

0

Late complications 2 deaths liver related
1 death from systemic 
infection

4 PV obstructions
(only ¼ recurrent PHT symptoms)

0
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performed, with a recanalization possible in 50–100% of cases, but once again the 
number of patients is limited, with series of less than 20 patients, and a total of 
patients less than 50 reported patients [61, 62]. Age of obstruction and extension of 
thrombosis does not seem to preclude recanalization feasibility, which mostly relies 
on distal intrahepatic obstruction.

Management of portal cholangiopathy is based on endoscopic management in 
symptomatic patients [63–65]. Endoscopic treatment includes endoscopic 
sphincterotomy, stone extraction, mechanical lithotripsy and biliary stricture 
dilatation with or without stent [22]. Sphincterotomy and endoscopic stone 
removal was demonstrated to be a safe procedure, with only few instances of 
hemobilia [19]. Administration of ursodeoxycholic acid (UDCA) has been 
reported to be useful in a few (less than 40) symptomatic patients, with an 
improvement of cholestasis, with no controlled study. In patients with recurring 
symptoms despite endoscopy therapy, decompressive shunt surgery has also 
been performed and relieved biliary obstruction 65% of patients [66], although 
management may currently differ in the era of interventional radiology. Biliary-
bypass and supra mesocolic surgery although performed in very experienced sur-
gical teams, with satisfactory results in term of survival, are still at risk of severe 
portal hypertension and bleeding complications [67, 68]. Hence, INASL recom-
mendations are to perform endoscopy therapy in first line, and to perform decom-
pressive surgery if there is a shuntable vein available, with non-selective shunts 
and to perform second-stage biliary drainage surgery (hepaticojejunostomy or 
choledochoduodenostomy) only in patients who continue to have biliary obstruc-
tion and remain symptomatic despite shunt procedure. Although not mentioned 
in these recommendations, interventional radiology should likely be considered 
before surgery (see above).

In children with chronic EHPVO, arguments for long term anticoagulation are 
scarce (significant thrombophilia is rare, and a local cause or a congenital malfor-
mation frequent); therefore anticoagulation therapy is not indicated. Conversely, 
surgical restauration of portal blood flow is rapidly considered, as thrombophilia is 
scarce and portal hypertension long term complications frequent. Portal reperfusion 
by meso-Rex anastomosis (bypass between the superior mesenteric vein and the 
recess of Rex with a large autologous venous conduit is currently the procedure of 
choice), when it is conceivable, is indicated in children for primary and secondary 
prophylaxis of gastrointestinal haemorrhage, and in case of portal cavernoma chol-
angiopathy or cardiopulmonary complication. It is highly successful when Rex’s 
recess is permeable and in the absence of extension of thrombosis to the splenic and 
mesenteric veins [69]. Portal reperfusion by meso-Rex anastomosis showed a 100% 
efficacy to prevent variceal bleeding, a potential reversal of cavernoma cholangi-
opathy, resolution of hypersplenism, coagulopathy, and hepato renal syndrome, 
improvement of minimal hepatic encephalopathy, but uncertain effect on porto pul-
monary hypertension. Meso rex bypass has also been performed in adults, and 
although data is limited, it seems that adult patients may benefit from this experi-
ence [70–72].
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 Conclusion

Management of EHPVO has dramatically changed in the last 30 years, aiming at 
minimal invasiveness, in diagnosis and therapeutics. Imaging tools are very sensi-
tive and specific, in the hands of informed, trained radiologists. The prognostic 
value of liver stiffness measurements is helpful to discard cirrhosis and probably in 
assessing prognosis. Anticoagulation therapy has largely improved the outcome in 
patients with recent EHPVO, and might also be beneficial in patients with chronic 
EHPVO although more data are needed on patients’ selection and on the effects of 
direct anticoagulants. Interventional procedures could prove of interest in patients 
with refractory manifestations but additional data are needed. Management in chil-
dren, which has differed from that of adults until now, is centered by the encourag-
ing results of surgical reperfusion of intrahepatic portal venous system that have 
also to be further evaluated in adult patients. Long term management needs special 
focus on the management of causal factors, anticoagulation therapy and the man-
agement of portal hypertension related complications. A recently presented ran-
domized controlled trial in patients with past portal vein thrombosis or cavernoma, 
in the absence of major risk factors for thrombosis demonstrated full prevention 
from recurrent thrombosis using rivaroxaban 15 mg daily for 24 to 48 months, com-
pared to patients not receiving anticoagulation. There was no increase in major 
bleeding or portal hypertension related bleeding while the incidence of minor bleed-
ing was increased in rivaroxaban treated group compared to the patients receiving 
no anticoagulation [77]. These data suggest that anticoagulation should be consid-
ered in patients with past portal vein thrombosis or cavernoma even in the absence 
of major risk factors for thrombosis.
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Chapter 8
Portal Vein Thrombosis in Patients 
with Cirrhosis

Filipe Nery

 Epidemiology, Diagnosis and Classification

PVT has been described to be more frequent in patients with more severe and 
advanced liver disease. Actually, a bulk of epidemiological data are derived from 
studies conducted in patients with advanced severe chronic liver disease, e.g. wait- 
listed for liver transplantation (LT). In the latter context, 1-year incidence of 7.4% 
[1] has been reported, but prevalence by the time of LT has been estimated between 
15.9 and 26% [2, 3]. In a mixed population of patients with cirrhosis stage Child- 
Pugh A to C, Zocco et al. observed a 1-year incidence of 16.4% [4]. A similar 1-year 
incidence of 17.9% was found in another cohort of patients with decompensated 
liver disease [5]. Yet, PVT is also a concern in more stable patients, as it has been 
found to occur in up to 4.6%, 8.2% and 10.7% at respectively 1-, 3- and 5-years, in 
a population of mostly compensated liver disease patients [6].

As PVT is more commonly a clinically silent event, it is mostly uncovered at 
Doppler ultrasound (DUS) performed for hepatocellular carcinoma (HCC) screen-
ing. Outside the context of LT, there is currently no recommendation to routinely 
screen for PVT in patients with cirrhosis [7]. PVT diagnosis is generally made by 
DUS. DUS sensitivity in detecting PVT increases with the degree of occlusion and 
extension [8]. It may be difficult to differentiate bland thrombi from malignant 
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portal vein invasion. Increased diameter of the vessel, evident vessel wall disruption 
or adjacent malignant liver parenchyma infiltration may contribute to differentiate 
the two types of portal venous obstruction. Arterial phase enhancement after con-
trast injection in HCC invasion is the most accurate differential feature. Contrast- 
enhanced ultrasound is superior to DUS in making this differentiation, allowing a 
final diagnosis in more than 97% of the patients [9]. CT scan (Fig. 8.1) or MRI 
(Fig. 8.2) are useful in evaluating extension, allowing the application of different 
classification scores [10]. The most widely used classification of PVT in patients 
with cirrhosis was proposed by Yerdel et al., two decades ago [8]. Being simple and 
reproducible, this anatomical classification takes into account the site, degree of 
occlusion and extension of the thrombus, which is relevant in choosing the operative 
management at LT [8]. A recent anatomic and functional classification has been 
proposed, outside the transplant setting, precising PVT location, grade of occlusion 
and extension, as well as clinical presentation and functional relevance, also allow-
ing to select patients who would benefit most of anticoagulation therapy [11]. 
Further validation of the latter classification is needed.

a b

Fig. 8.1 Partial trunk portal vein thrombosis (arrows) documented in a CT-scan. (a) Coronal CT 
sequence; (b) Axial CT sequence

a b

Fig. 8.2 Portal vein thrombosis with extension to splenoportal venous confluence and superior 
mesenteric vein (arrows) documented in Magnetic Resonance Imaging. (a) Axial T1-weigthed 
image; (b) Coronal view
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 Risk Factors

Understanding of venous thrombosis development irrespective of the site of occur-
rence is based on the work of ancient haematologists, probably the most recognized 
being the one by Rudolf Virchow, conducted in the mid-nineteenth century [12]. 
Clot formation occurs in the presence of factors related to blood stasis, a hyperco-
agulable state and endothelial damage, the pillars of the Virchow’s triad [12]. The 
combination of such factors, rather than one factor acting alone may also be consid-
ered for PVT, viewed as a multifactorial entity (Fig. 8.3).

Blood Stasis The increased intrahepatic resistance that is characteristic of liver 
cirrhosis, and responsible for portal hypertension, induces a slowdown of the portal 
vein blood flow. Portal vein blood flow velocity decreases proportionally to the 
severity of the liver disease (as assessed by Child-Pugh classification) [13] and 
higher degrees of fibrosis [14]. A portal vein blood flow velocity of 15 cm/s or less 
has been found to be predictive for subsequent PVT development [4, 5, 15]. It has 
been proposed that a decreased blood flow would lead to an increased concentration 
of thrombin at the level of the portal vein tract, contributing to PVT development 
[4]. However, a decreasing [6, 16] or low [17] portal vein blood flow velocity was 
not found to be independently related to subsequent PVT development by other 
investigators. Well-known limits in assessing portal blood flow velocity with percu-
taneous DUS may account for these disparate results. An increased flow volume in 
collateral vessels was independently linked to PVT development in a cohort of 
patients with cirrhosis related to viral hepatitis [18]. However, the authors do not 

. ↓PC? ↓PS? ↓AT?

. ↑D-DIMERS?

. PFV < 15 CM/S

. EV ≥ GRADE 2

. OTHER MARKERS PH

. NSBB USE?

. COLLATERALS

. ANGIOGENESIS

. NO VARIATION

. ENDOTOXEMIA

. INFLAMMATION?

. ↑FVIII/ ↑VWF

. NO APAs

. GENETIC FACTORS

CIRRHOTIC
NON-MALIGNANT

PVT

ENDOTHELIAL
DAMAGE

BLOOD
STASISHYPERCOAGULABILITY

Fig. 8.3 Virchow’s triad applied to portal vein thrombosis genesis. PVT portal vein thrombosis, 
PC protein C, PS protein S, AT Antithrombin, APAs Antiphospholipid antibodies, FVIII Factor 
VIII, VWF von Willebrand factor, NO Nitric oxide, PFV portal vein flow, EV esophageal varices, 
PH portal hypertension, NSBB non-selective beta-blockers
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mention the impact of this deviation of blood from the portal tract on a possible 
decrease in portal vein blood flow [18]. Thus, hemodynamic factors related to portal 
vein blood flow stasis although an attractive hypothesis to explain PVT, require 
further assessment.

Other factors related to severe portal hypertension and/or portal blood flow 
stasis have also been found to be associated to PVT, including low platelet count 
[1, 5], increased splenic thickness [5] or spleen size [18], previous variceal bleed-
ing [1], presence of medium or large-sized esophageal varices [6] and of asci-
tes [18].

Non-selective beta-blockers (NSBB), generally used for primary or secondary 
variceal bleeding prophylaxis, have been proposed to decrease portal blood flow via 
a reduced cardiac output and increased splanchnic vasoconstriction [19]. A recent 
longitudinal study found NSBB as an independent risk factor for future PVT devel-
opment irrespective of its effect over portal blood flow velocity or heart rate [16]. 
This finding was corroborated by a meta-analysis that found an increased 4.6-fold 
risk for PVT development in patients under NSBB [20]. Yet, the link between NSBB 
and PVT development may not be direct (through an effect on splanchnic hemody-
namics), but indirect, as a reflection of more severe degree of portal hypertension 
through presence of large esophageal varices as an indication for NSBB administra-
tion. Robust and prospective data are still necessary before establishing a causal 
relationship of NSBB with PVT development.

Hypercoagulability In cirrhosis, pro- and anti-hemostatic drivers are altered, 
which results in an enhanced platelet-vessel wall interaction and platelet activation 
[21, 22]; an enhanced potential to generate thrombin [21, 23]; a disturbed fibrinoly-
sis [21]; a modified structure and function of the fibrin clot [24]; and increased 
levels of procoagulant microparticles carrying tissue factor [25]. Altogether, these 
changes confer a state of rebalanced coagulation or even a procoagulant state [21] 
(discussed in details in Chap. 17). However, specific studies directly addressing the 
relationship of these factors to PVT development are still lacking. Decreased pro-
tein C [4, 26] or antithrombin levels [4] and increased D-dimer levels [4] have been 
associated with an increased risk for subsequent PVT development. The other avail-
able studies of retrospective or cross- sectional design, have analyzed risk factors 
determined at the time of the diagnosis of the thrombotic event [27–30]. When 
considering inherited thrombophilia, only Factor V Leiden [31, 32] and MTHFR 
mutations [33] have been recognized to be associated with an increased tendency to 
develop PVT. Conflicting results exist when considering the role of prothrombin 
G20210A mutation and PVT, as a previous meta- analysis failed to confirm an asso-
ciation [31], while a more recent one displayed exactly the opposite [32], reflecting 
different methodological approaches when choosing the studies to enroll. Still, cur-
rent guidelines recommend considering the screening of underlying inherited 
thrombophilic conditions [7, 10], even though we consider that, in the absence of 
robust data, the search of these inherited factors is not mandatory. Myeloproliferative 
neoplasias are a known risk factor for PVT development in patients without cirrho-
sis, and JAK-2 V617F mutation may be present in up to 16% [34] to 31% [35] of 
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such patients. A case-control study showed that 10% of patients with cirrhosis and 
PVT similarly harbored the JAK-2 V617F  mutation in contrast with none of the 
patients without PVT [35]. These still unconfirmed results must be seen with cau-
tion as few patients were enrolled. In non-cirrhotic patients with JAK-2 V617F 
negative myeloproliferative neoplasia, calreticulin mutations may be present in up 
to 31% of patients with PVT [36], but corresponding data in patients with cirrhosis 
are lacking. Antiphospholipid antibodies have been found in patients with cirrhosis 
and with an increased prevalence according to the degree of liver failure [37]. 
However, their role in the development of PVT has not been documented yet [38].

Endothelial Damage Even though endothelial activation predisposing to throm-
bosis has been documented in other vascular beds and is an attractive hypothesis, it 
has never been confirmed, to date, to be related to PVT. Inflammation and increased 
endothelial permeability is at the basis of vascular endothelial growth factor- 
mediated angiogenesis and related cofactor to portosystemic collaterals develop-
ment [39, 40]. Endotoxemia, resulting from bacterial translocation occurs in 
proportion to the severity of portal hypertension and degree of liver insufficiency, 
being more severe at the level of the portal circulation than in the systemic circula-
tion [41]. Endotoxins promote not only a von Willebrand factor (vWf) release from 
endothelial cells and related increased factor VIII [42], but also the up-regulation of 
tissue factor leading to factor VII activation and associated coagulation cascade 
activation [41, 43]. From the above, endothelial damage may, therefore, promote 
and aggravate portal hypertension and portosystemic collateral formation by induc-
ing angiogenesis (both known to be triggers of PVT development), as it may also 
promote the activation of coagulation cascade via the inflammatory cascade lead-
ing, by this mean, to PVT. Such relationship between endotoxemia, inflammation 
and PVT has already been proposed as an attractive explanation to the observed 
clinical and laboratory data [43]. Recently, increased levels of IL-6 and lymphope-
nia were shown related to PVT development independently of markers of portal 
hypertension, reinforcing the idea of the role of inflammation and endothelial acti-
vation in the pathogenesis of PVT [44].

 Natural History

PVT Outcome Without Anticoagulation By contrast with early studies in which 
no resolution of PVT was seen in patients without anticoagulation treatment [1], 
recent longitudinal studies report portal vein recanalization in up to 45–70% of the 
patients [6, 18, 45], aggravation in only 7% to 34% [18, 45], and recurrence in 
19–21% of the patients [6, 18], as confirmed in a recent meta-analysis [46]. In cir-
rhosis, therefore, PVT is rather a dynamic process. Also, PVT is more often partial 
than complete [6, 18, 47], which ultimately translates into higher recanaliza-
tion rates.
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Role of PVT in decompensation and progression of liver disease PVT has been 
widely considered to play a role in the progression (and decompensation) of under-
lying liver disease. At the time of LT, ascites and gastrointestinal bleeding are more 
frequent in patients with PVT than in those without [48]. A more advanced liver 
disease was reported in patients with, than in patients without PVT [49]. Such a 
causal relationship could theoretically be associated to decreased liver perfusion 
with portal blood, which would result in parenchymal atrophy leading to further 
increase in portal hypertension and worsening of liver dysfunction [50]. However, 
these conclusions were drawn from cross-sectional studies where thrombosis was 
documented at the time of the liver decompensation, which leaves open the question 
of what occurred first. Recent longitudinal studies have provided data that support 
the opposite view. Luca et al. found no relationship between the development of 
PVT and hepatic decompensation, irrespective of PVT progression along time or 
not [45]. Moreover, in patients wait-listed for LT with PVT compared to those with-
out PVT, upper gastrointestinal bleeding, worsening of ascites, spontaneous bacte-
rial peritonitis or encephalopathy aggravation were not more frequent either at the 
time of listing or during the waiting period [51]. Furthermore, in a study enrolling 
1243 Child A and B patients, PVT and liver decompensation were shown to share 
baseline risk factors (i.e. medium or large esophageal varices and prolonged pro-
thrombin time), while PVT development did not influenced the progression or the 
decompensation of liver disease [6].

Impact of PVT on survival PVT could not be shown to alter survival in patients 
not candidates to LT or on the waiting list for LT [15, 18, 51, 52]. Remarkably PVT 
has been linked to a decreased mortality on the waiting list, [53], the interpretation 
of which will require further analysis of the interaction with anticoagulation therapy 
as there is preliminary evidence that anticoagulation may impact survival positively 
[26]. In recipients of liver transplant with prior PVT however, early-survival 
decreases compared to those without PVT [52, 54, 55]. The impact on post-LT sur-
vival may be related to higher degrees of PVT occlusion [1, 8], and also to longer 
operative times, higher transfusion requirements and rates of reoperation, longer 
intensive care and hospital stays and the particular surgical technics used for clot 
removal and alternative vascular reconstructions [8, 56, 57].

 Treatment

Anticoagulation therapy In patients with PVT without cirrhosis, anticoagulation 
therapy is the mainstay of treatment [10] as discussed in section “Epidemiology, 
Diagnosis and Classification”, Chap. 17. In cirrhosis, some considerations shall be 
taken into account before considering anticoagulation therapy. First, as mentioned 
above, PVT in cirrhosis is a dynamic process with a possible spontaneous recanali-
zation in more than half of the patients; second, PVT likely does not induce liver 
decompensation; third, PVT has no impact on survival in patients besides the LT 
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setting. Therefore, there is no matter for an indication of anticoagulation therapy 
except in the context of patients listed for LT. However, this concept may change in 
the near future, as evidence of an improvement in survival in patients with PVT 
under anticoagulation therapy has been recently demonstrated in a meta-analysis 
enrolling 1696 cirrhotic patients, without significant increase in bleeding risk [58]. 
Yet, this advantage needs to be viewed with caution, as it may not be applicable to 
all patients regardless of the severity of the disease. In patients undergoing LT, the 
immediate goal is to avoid portal vein thrombus extension or to decrease its size in 
order to facilitate liver transplantation [7, 10]. However, even in this setting, the 
efficacy and safety of anticoagulation therapy must be discussed. Robust studies 
accessing the efficacy of anticoagulation on PVT in cirrhosis are lacking. Most of 
them were conducted with a small number of patients and with some heterogeneity 
concerning the type of anticoagulant agent used. In a series of 19 patients listed for 
LT with PVT in whom nadroparin followed by acenocoumarol was used, 8 patients 
(42%) had complete resolution of the thrombus (7 of them had partial PVT before 
anticoagulation was started) while only 1 patient (5%) had PVT extension [1]. 
Another longitudinal prospective study comparing 35 patients treated with nadropa-
rin to 21 untreated patients showed significantly less progression of the thrombus in 
the former (15%) compared to the latter (71%). Sixty-three percent of the treated 
patients achieved some degree of recanalization and 36% had a complete PVT reso-
lution [59]. Patients with thrombus extension to the splenic vein, those with previ-
ous gastrointestinal bleeding and with estimated thrombus duration of at least 
6  months were less likely to recanalize [59]. The largest available study, which 
enrolled 55 patients given either low molecular weight heparin or vitamin K antago-
nists, showed an overall improvement of PVT in 60% of patients including 45% 
with complete recanalization [60]. Globally, around 50% of the patients who under 
anticoagulation achieved complete recanalization and 2/3 some degree of reperme-
abilization (partial or complete) [46, 61]. Importantly, when anticoagulation is 
stopped, PVT relapses in 40% of the patients [60], a reason why, in patients listed 
for LT, once started, anticoagulation treatment shall be maintained at least until the 
surgical procedure. Reluctance to the use of anticoagulant therapy in cirrhosis is 
related to the perceived risk of bleeding. It is now clear that patients with cirrhosis 
bleed from portal hypertension complications and not from hemostatic abnormali-
ties. Anticoagulant therapy may be safely used in patients with cirrhosis and PVT as 
either no bleeding complications or only minor bleeding events have been reported 
[46, 61]. Remarkably, two recent meta-analysis have shown a decreased incidence 
of variceal bleeding in patients under anticoagulation therapy compared to those 
without [46, 62]. However, a platelet count below 50 × 109/L has been identified as 
a risk factor for bleeding from any site in patients with cirrhosis and PVT receiving 
anticoagulation [60]. Available options for anticoagulant agents are discussed 
elsewhere.

Transjugular intrahepatic shunt (TIPS) The complications of portal hyperten-
sion refractory to usual therapy have been the most common indications for TIPS 
placement in patients with cirrhosis and PVT [7]. In studies addressing TIPS proce-
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dure as a modality for PVT treatment, the main indication was usually not PVT itself, 
but a previous episode of bleeding or refractory ascites. TIPS placement displays a 
high rate of success, with 74% of the patients achieving complete and 84% complete 
or partial recanalization, as documented in a recent meta-analysis [63]. In patients 
with cirrhosis undergoing TIPS placement (irrespective of the indication), there was 
no difference in rebleeding, recurrence of ascites or hepatic encephalopathy, as well 
as short- and long-term survival between those with PVT and those without [63, 64]. 
TIPS dysfunction was found to be remarkably less frequent when placing a covered 
stent [65]. Among five patients that underwent TIPS placement after thrombus exten-
sion on anticoagulation therapy, 3 showed stability, 1 completely reverted and 1 died 
(TIPS placement failed) [59]. These limited data suggest that TIPS could be used as 
a rescue therapy when PVT does not resolve with standard anticoagulation therapy. 
TIPS insertion prior to LT is increasingly used in patients with PVT [55]. However, 
TIPS is still not recommended as a standard treatment for PVT in cirrhosis but to be 
considered individually and by experienced teams [10].

 Conclusion

As PVT in cirrhosis is a common event in the course of the disease, awareness shall 
be raised for this entity, which is multifactorial in origin. Once diagnosed and out-
side the liver transplant setting, anticoagulation treatment is not mandatory mainly 
due to the fact that (1) PVT is a dynamic entity, often resolving without any directed 
therapy and that (2) it is not currently recognized to affect the outcome (decompen-
sation or survival). A different scenario is seen in patients undergoing liver trans-
plantation, as, once diagnosed, PVT may affect not only the eligibility to surgery 
but also impact survival after transplantation. In this context, anticoagulation ther-
apy shall be started and patients regularly monitored.
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Chapter 9
Porto-Sinusoidal Vascular Disorder

Susana G. Rodrigues, Matteo Montani, and Andrea De Gottardi

 Introduction

Idiopathic non-cirrhotic portal hypertension includes a heterogeneous group of vas-
cular liver diseases that may lead to portal hypertension in the absence of parenchy-
mal cirrhotic nodules [1]. It corresponds to a variety of histopathologic entities and 
that have been referred to as hepatoportal sclerosis, non-cirrhotic portal fibrosis, 
nodular regenerative hyperplasia or incomplete septal fibrosis/cirrhosis [2]. Until 
very recently, there were no conclusive diagnostic methods or characteristic histo-
pathologic findings available for diagnosing idiopathic non-cirrhotic portal hyper-
tension, which was thus made after excluding all other possible causes of liver 
disease. The pathophysiology of idiopathic non-cirrhotic portal hypertension is still 
poorly understood and therapy restricted to the manifestations of portal hyperten-
sion. Idiopathic non-cirrhotic portal hypertension has gained increased attention over 
the last two decades in parallel to the increased use of immunosuppressive drugs for 
autoimmune and hematological disorders, and to the increased prevalence of treated 
HIV infection, all conditions etiologically linked to idiopathic non- cirrhotic portal 
hypertension [3, 4]. Increased awareness and widespread use of liver elastography 
for fibrosis assessment have permitted diagnosis in patients in whom prominent 
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features of portal hypertension contrast with low liver stiffness [5]. In some patients 
with inconspicuous clinical features of portal hypertension, the diagnosis is made 
after detecting specific liver lesions at biopsy. Patients with extrahepatic splanch-
nic venous thrombosis may have idiopathic non-cirrhotic portal hypertension as an 
underlying condition. Last but not least, the previous definition –based on ruling 
out causes for cirrhosis—has excluded from specific attention patients with non-
cirrhotic portal hypertension when concomitant causes for liver disease were pres-
ent (e.g. hepatitis C, or alcohol consumption or metabolic syndrome).

The complexity and unclear pathogenesis of the entity so called idiopathic non- 
cirrhotic portal hypertension prompted the Vascular Liver Disease Interest Group 
(VALDIG) to organize a multidisciplinary conference in February 2017. Experts in 
vascular liver disease assembled to discuss the definition and terminology of portal 
vascular lesions, as well as the pathogenesis, causes, diagnostic workup, and treat-
ment of idiopathic non-cirrhotic portal hypertension. The term porto-sinusoidal 
vascular disorder was proposed as a denomination for an entity incorporating vari-
ous vascular liver disease based on clear criteria [6]. This chapter aims to clarify the 
new denomination of porto-sinusoidal vascular disorder as well as to provide a com-
prehensive view of its pathophysiology, diagnosis and treatment.

 Definition: Past and Present

According to the previous definition, idiopathic non-cirrhotic portal hypertension 
was characterized by direct and/or indirect signs of portal hypertension, including 
mild increase in hepatic venous pressure gradient, esophageal varices, non- 
malignant ascites, splenomegaly or hypersplenism, portosystemic collaterals, and 
the absence of cirrhosis on liver biopsy. Additionally, all other causes of chronic 
liver disease leading to cirrhotic and non-cirrhotic portal hypertension (sarcoidosis, 
schistosomiasis) and portal or hepatic vein thrombosis had to be excluded. This 
previous definition of idiopathic non-cirrhotic portal hypertension included the his-
topathologic entities previously known as obliterative portal venopathy, hepatopor-
tal sclerosis, nodular regenerative hyperplasia, non-cirrhotic portal fibrosis and 
incomplete septal cirrhosis.

However, several key limitations to this definition were addressed in the 2017 
VALDIG conference. First, this definition may be too restrictive because in early 
stages of disease, lesions can be present while significant portal hypertension has 
not yet developed or will not develop. Corresponding cases would be erroneously 
excluded. Second, the previous definition excludes any thrombosis of hepatic or 
portal venous systems; therefore, patients who develop portal vein thrombosis as a 
complication of their underlying intrahepatic vascular liver disease would similarly 
be erroneously excluded. Last, the previous definition did not allow for the presence 
of concomitant liver diseases, although it is well-known that some common diseases 
such as viral hepatitis, HIV infection or alcoholic or non-alcoholic fatty liver dis-
ease can concur with vascular liver disease.
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The term porto-sinusoidal vascular disorder (PSVD) was developed to group 
together several conditions that, despite diverse pathophysiology, are characterized 
by lesions in the sinusoids and small-sized portal veins. This new denomination 
encompasses the whole spectrum of the disease spanning idiopathic non-cirrhotic 
portal hypertension, obliterative portal venopathy, incomplete septal cirrhosis and 
nodular regenerative hyperplasia [6]. The main components of this definition 
include the absence of histological cirrhosis and the detection of histological find-
ings (Fig. 9.1), with or without portal hypertension.

In contrast with the criteria of the previous definition, the presence of causes for 
liver disease (i.e. alcohol misuse, metabolic syndrome, or viral hepatitis) does not 
exclude PSVD, if liver biopsy shows specific findings indicative of PSVD. In such 
overlapping cases, the relative contribution of PSVD and parenchymal liver disease 
to the development or degree of severity of portal hypertension remains an open 
question.

Similar to the previous definition, conditions affecting the hepatic veins or spe-
cific diseases that have been well characterized as causing microvascular disease 
such as sarcoidosis or congenital hepatic fibrosis are excluded (Box 9.1). Sinusoidal 
obstruction syndrome, which occurs after hematopoietic stem cell transplantation, 
is characterized by specific criteria and is not included in PSVD. Although extrahe-
patic portal vein thrombosis can cause, per se, non-cirrhotic portal hypertension, itis 
does not constitute an exclusion criteria, if liver biopsy shows specific findings 
indicative of PSVD. This is justified by its most frequent secondary occurrence in 
PSVD patients.

Overall, this new denomination is intended to clarify and facilitate diagnosis. 
From a research perspective, this inclusive definition is expected to facilitate 

Liver biopsy ≥ 20 mm without
cirrhosis

Signs of portal hypertension

Specific • Gastro-oesophageal or ectopic varices
• Portal hypertensive bleeding
• Porto-systemic collaterals at imaging

• Ascites
• Platelet count < 150 G/L
• Spleen size ≥ 13 cm in the largest axis

• Portal tract abnormalities (multiplication, dilation of
  arteries, periportal vascular channels, and aberrant
  vessels)
• Architectural disturbance: irregular distribution of the portal
  tracts and central veins
• Non-zonal sinusoidal dilation
• Mild perisinusoidal fibrosis

• Obliterative portal venopathy (thickening of vessel wall,
  occlusion of the lumen, and vanishing of portal veins)
• Nodular regenerative hyperplasia
• Incomplete septal fibrosis or cirrhosis

Non-
Specific

Histological lesions

1 specific sign of portal hypertension
or

1 specific histological lesion for PSVD

1 non-specific sign of portal hypertension
and

1 non-specific histological lesion for PSVD

AND OR

Fig. 9.1 Porto-sinusoidal vascular disorder (PSVD) definition
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studieson this condition, by providing uniform criteria. On the other hand, it may be 
argued that these new criteria and terms may be overly simplistic and decrease pre-
cision to define a complex disease, and eventually introduce bias for studies that 
otherwise would not be concentrated on the same disease. It will therefore be impor-
tant to gather further experience with this denomination and refine the definition 
accordingly.

 Epidemiology

The overall prevalence of PSVD worldwide is unknown. Prevalence and denomina-
tions have differed according to geographic areas. Therefore, the new denomination 
was elaborated in order to be applicable independent of location.

In India, the corresponding condition was known as non-cirrhotic portal fibrosis. 
The prevalence in this area, although decreasing, is still high, accounting in some 
studies for 34% of all cases of portal hypertension [7]. Socioeconomic stature and 
sanitary/hygiene conditions have been suggested to be associated with its develop-
ment. Males aged 30–49 years have been predominantly affected [8].

In Japan, the corresponding condition was denominated idiopathic portal hyper-
tension. The prevalence of PSVD has dramatically shrunk during the last 4 decades, 
likely as a consequence of national health services policies [9]. In Japan, PSVD 
with portal hypertension is most common in women aged 40–59 years with a ratio 
of 2:1 [10]. This predominance could be related to autoimmune disease being more 
common in women than in men and to hormonal factors related to pregnancies and 
premenopausal age [11].

In Europe, PSVD appears to be rare, accounting for a lower proportion of cases 
of portal hypertension than reported in India or Japan. In France, nodular regenera-
tive hyperplasia was found 4% of liver biopsies performed for various reasons [12]. 
The condition was found to predominantly affect men in France and UK (3:1) [13, 
14]. In the U.S.A. and Canada, this prevalence was 3–7%; men aged 60–69 years 
were predominantly affected [15–17].

Box 9.1 Conditions Excluded from the PSVD Definition
• Chronic cholestatic diseases
• Tumoral liver infiltration
• Budd-Chiari syndrome or hepatic venous outflow obstruction
• Sarcoidosis
• Hepatic schistosomiasis diagnosed on liver biopsy
• Sinusoidal obstruction syndrome
• Heart failure or Fontan surgery
• Hereditary hemorrhagic telangiectasia
• Abernethy syndrome
• Congenital hepatic fibrosis
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 Etiology: Associated Conditions

Causes have not been fully elucidated, yet. However, PVSD is associated with rare 
conditions in 43–58% of patients. These varied conditions can be categorized as 
drug exposure, immunological, coagulation disorders, infectious and congenital or 
familial defects (Box 9.2), [4, 18, 19]. Several of these conditions can be simultane-
ously present in occasional patients.

Box 9.2 Conditions Associated with Porto-Snusoidal Vascular Disorder
Drug/toxin exposure

 – Didanosine
 – Azathioprine, 6-Mercaptopurine
 – Tioguanine
 – Oxaliplatin
 – Arsenic/vinylchloride
 – Irradiation

Immunological disorders

 – Common variable immune deficiency (significant hypogammaglobulinae-
mia & bacterial infections)

 – Autoimmune hepatitis
 – Systemic lupus erythematosus
 – Scleroderma
 – Rheumatoid arthritis
 – HIV
 – Celiac disease
 – POEMS syndrome
 – Autoimmune thyroiditis
 – Multiple sclerosis

Hemocoagulative disorders

 – Aplastic anaemia
 – Myeloproliferative disorder
 – Hodgkin’s lymphoma
 – Multiple myeloma
 – Protein C or S deficiency
 – Factor II or V gene mutation
 – Antiphospholipid syndrome
 – ADAMTS13 deficiency
 – MTHFR deficiency

Infectious

 – Repeated gastrointestinal infections (E. coli)
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 Drug Exposure

Older age and cumulative exposure to didanosine and stavudine were shown to be 
independent predictors for the development of nodular regenerative hyperplasia in 
patients with HIV infection [20]. The overall prevalence of HIV infection in PSVD 
patients was4% in a Dutch study [4]. Mallet et al. reported a significantly lower 
protein S activity in patients with HIV infection and nodular regenerative hyperpla-
sia than in controls, but the unifying factor of PSVD in HIV patients was previous 
drug exposure [21]. Didanosine and stavudine currently being no longer used, if 
their responsibility is real, a decrease in the prevalence of PSVD among HIV 
infected patients is to be expected over the next decades.

PVSD has also been related to prior exposure to immunosuppressive or antineo-
plastic agents (in particular azathioprine and oxaliplatin) as well as to numerous 
other drugs [22].

 Immunological Disorders

Immune disorders, including acquired and congenital immune deficiencies and 
autoimmune diseases, have been detected in 10% of PSVD patients [23]. Conversely, 
PSVD has been found in up to 84% of patients with common variable immune defi-
ciency [24], hyper-IgM syndrome, primary antibody-deficiency syndromes such as 
Bruton’s disease [25], and in Felty’s syndrome [26].

In patients with inflammatory bowel disease, the prevalence of PSVD was 
reported to be 6% [27]. However, it is difficult to decipher whether PVSD is mainly 
linked to the underlying inflammatory bowel disease or to azathioprine exposure. 
Adult celiac disease has also been associated with PSVD [13]. It has been pro-
posed that the sinusoidal changes found in patients with conditions of disordered 
immunity, are related to intrasinusoidal cytotoxic T lymphocytes, granulomas, 
causing portal vein or sinusoidal endothelitis. This concept is in line with an over 
expression of lymphocyte activation genes in blood samples from PSVD patients 
[28, 29].

Congenital, genetic or familial

 – Turner’s syndrome
 – Adams-Oliver syndrome
 – TERT mutations
 – Cystic fibrosis
 – Familial cases
 – KCNN3 mutation
 – Noonan & Adams
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 Coagulation Disorders

There is evidence that micro-thrombosis and platelet aggregation contribute to the 
development of PSVD [10, 30]. In fact, thickening or occlusion and obliteration of 
portal vein venules detected at liver biopsy, is generally regarded as indicating pre-
vious thrombosis. Moreover, prothrombotic conditions such as protein C deficiency 
have been associated with a higher risk of PSVD [31]. Portal vein thrombosis is 
relatively common in these patients further pointing at a procoagulant tendency in 
these patients. Future studies should elucidate the prevalence and impact of pro-
thrombotic risk factors in PSVD.

 Infections

Epidemiological studies have shown a relationship between low hygienic living 
conditions and PSVD, which has been interpreted as supporting a role for infec-
tions. Such a mechanism, however, could not be reproduced in experimental models 
[32]. Intra-abdominal infections may serve as a trigger for PSVD through recurrent 
small to medium portal branch occlusion [33, 34].

 Congenital and Hereditary Disorders

Porto-sinusoidal vascular disorder has been linked to genetic disorders such as 
Adams-Oliver syndrome, Turner’s syndrome, familial obliterative portal venopathy, 
and cystic fibrosis [35–37].

In hereditary studies, familial aggregation has been found regarding PSVD and 
HLA-DR3 [38] and mutations in the telomerase gene complex [39]. Interestingly, a 
link between didanosine exposure in HIV patients and PSVD has been associated 
with certain single nucleotide polymorphisms of genes involved in the purine meta-
bolic pathway [40]. Whole exome sequencing in families affected with PSVD led to 
the discovery of various mutations, but independent validation in other cohorts is 
still lacking [41, 42].

 Clinical Presentation and Features

 PSVD with Portal Hypertension

In higher income countries, patients with portal hypertension and PSVD are mainly 
middle-aged men. Patients with PSVD and portal hypertension are usually asymp-
tomatic. In most cases, liver synthesis function is maintained and in about 80%, 
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there is a slight increase (<2 time upper limit of normal) in liver biochemistry val-
ues, alanine aminotransferase or alkaline phosphatase. Some are detected through 
noninvasive methods with thrombocytopenia generally around 100  G/L, spleno-
megaly or an irregular liver aspect on ultrasound. Most patients have serum albumin 
and bilirubin levels within the normal range and prothrombin time slightly decreased, 
which aids in distinguishing them from those with cirrhosis. On the other hand, 
some patients develop complications of portal hypertension mostly variceal bleed-
ing, which is the initial manifestation in around 20–40%, whereas ascites and 
encephalopathy are uncommon presenting manifestations in comparison.

One study examining the natural history of patients with idiopathic non-cirrhotic 
portal hypertension reported that large varices were found at initial presentation in 
two-thirds of the patients with PSVD and portal hypertension, or developed in 20% 
of patients within an average of 10  years of diagnosis [19]. Over time, PSVD 
patients with portal hypertension can develop ascites in 20–50% with a precipitant 
factor identified in the majority of cases and usually transient [18, 19]. Within 5 
years of diagnosis, portal vein thrombosis develops in around a third of patients, but 
is completely obstructive (i.e. occupying more than 80% of the vessel lumen) in 
only a third of these [4, 18, 19]. The risk of thrombosis is increased in patients with 
a history of bleeding and with associated conditions, namely HIV infection. In cases 
of thrombosis and concomitant PSVD, hepatic venous pressure gradient measure-
ment is particularly important to determine whether the origin of portal hyperten-
sion is pre-hepatic or sinusoidal. The latter could potentially indicate the insertion 
of a transjugular intrahepatic portosystemic shunt with portal vein recanalization 
(Fig. 9.2).

Regarding longer-term prognosis, one study with 69 patients showed minimal 
changes in markers of liver function in these patients, suggesting that PSVD is sta-
ble [18]. Patients can develop portopulmonary hypertension, hepatopulmonary syn-
drome, and liver regenerative nodules, but the precise risk factors leading to these 
complications are currently unidentified.

Concerning mortality, presence of ascites, age, and associated diseases are 
known risk factors [4]. Previous published series have demonstrated that the mortal-
ity can reach 15–20% after an 8-year follow-up period [4, 18, 19, 43]. The referral 
rate for liver transplantation (5–37%) appears to be very variable depending on the 
assessment of the risk of progression to end-stage liver disease.

 PSVD Without Portal Hypertension

Abnormal liver tests of unknown cause and without any signs of portal hypertension 
(splenomegaly, gastro-esophageal varices, portosystemic collaterals, ascites, or 
hepatic encephalopathy) could represent a pre-clinical stage of disease [18, 44] 
which may be followed by the development of manifest signs of portal hypertension 
[18]. Indeed, it appears that the prevalence of PSVD without portal hypertension is 
higher than previously thought (19% of cases with cryptogenic liver disease). 
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Moreover, the authors hypothesized that the presence of slightly impaired liver 
function tests, a higher rate of prothrombotic conditions, and immune diseases were 
likely to contribute in progressing to portal hypertension [18]. The diagnosis is 
established on specific findings at liver biopsy performed in asymptomatic patients 
with slight changes in liver biochemistry (Box 9.1).

Given the lack of longitudinal studies analyzing patients with PSVD without 
portal hypertension, there is currently insufficient data to clarify the natural history 
and risk factors of this form of the disease.

 Histopathological Findings

Liver biopsy for a diagnosis of PSVD can be considered in a variety of settings, 
including altered liver biochemistry of unknown cause, signs of portal hypertension 
without liver dysfunction, abnormal ultrasound findings, or portal hypertension 
with a low liver stiffness level. From a histological point of view there is an impor-
tant diversity of lesions among patients that remains currently unexplained.

Obliterative portal venopathy, nodular regenerative hyperplasia, and incomplete 
septal cirrhosis are specific enough to be regarded as diagnostic for PSVD even in 
the absence of other clinical, laboratory or imaging alterations (Figs. 9.1 and 9.2).

Suspected PSVD, altered liver tests, no other causes liver disease identified

Suspected PSVD in case of prothrombotic, hematological, (auto-)immune
disorders, exposure to older HIV drugs, azathioprine etc., consider

geographic factors

No signs of portal hypertension

Liver biopsy

Criteria of PSVD?

PSVD

Suspicion
of PSVD

Advanced liver
fibrosis/cirrhosis

Low LSM,
High or low

SSM

Liver and spleen elastography

Signs of portal hypertension
Gastroscopy and

(prophylactic)
treatment of varices

High LSM +
SSM

Fig. 9.2 Diagnostic flowchart of porto-sinusoidal vascular disorder with and without portal hyper-
tension. Abbreviations: PSVD porto-sinusoidal vascular disorder, HIV human immunodeficiency 
virus, NRH nodular regenerative hyperplasia, EGD esophagogastroduodenoscopy, EVL endo-
scopic variceal ligation, LSM liver stiffness measurement, SSM spleen stiffness measurement, PH 
portal hypertension
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Obliterative portal venopathy and hepatoportal sclerosis/phlebosclerosis are 
characterized by incomplete or complete obliteration of mainly medium- and small- 
sized intrahepatic portal vein branches with or without thickening of the wall 
(Fig. 9.3a). Moreover, scarring and obliteration of small portal vein branches along 
with an increased number of small vascular channels within the portal tracts and 
incomplete thin fibrous septa have been described. It is important to highlight that 
the portal vein branch is not always obliterated or absent (venopenia), as it can still 
be visible although with a narrowed [15]. Although portal venous changes are com-
mon, they can be difficult to detect atbiopsydue to a heterogeneous distribution.

Nodular regenerative hyperplasia is defined by lobular transformation into small 
nodules, with diffuse or focal nodular regeneration with architectural distortion, 
dilated sinusoids in areas of atrophy, increased number of venous profiles, and 
incomplete septa, i.e., slender fibrous septa originating from a portal tract that 
blindly ends in the lobule, and perisinusoidal and perivenular fibrosis (Fig. 9.3b). 
These nodules are generally lighter in tone and less well-defined compared to cir-
rhosis. The lobules are distorted and replaced by nodules of hyperplastic 
hepatocytes. These are surrounded at the periphery by compressed atrophic cell 

c

b

d

a

Fig. 9.3 Histological findings of porto-sinusoidal vascular disorder. (a) Obliterative venopathy, 
section from a liver biopsy with CAB staining. Small portal tracts are sclerotic, and devoid of 
normal veins (indicated with arrow). (b) Nodular regenerative hyperplasia, section from a liver 
biopsy with argentic reticulin stain. Small nodules of hyperplasic hepatocytes (black arrow) in a 
non-fibrous parenchyma predominantly around portal tracts and sinusoidal dilatation (white 
arrow); (c) Incomplete septal fibrosis, section from a liver biopsy with CAB staining, Portal tracts 
are enlarged and prolonged by incomplete thin (white arrow) and blind-ended septa in a non- 
cirrhotic parenchyma; (d) thin-walled vessels prolapsing from the portal tract into the paraportal 
area, section from a liver biopsy with CAB staining
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plates and a condensed reticulin network, but without significant fibrosis. Portal 
tract remnants, small portal tracts wherein the lumen of the bile duct or artery is 
smaller than adjacent hepatocytes, with inconspicuous or sometimes absent portal 
vein branches can be found. Reticulin staining is required for diagnosis, although 
the diagnosis is generally demanding and requires expert and experienced histopa-
thologists [45].

Diffuse and poorly demarcated nodules and slender fibrous septa which span into 
the parenchyma without connection with other portal tracts or venules illustrates 
incomplete septal fibrosis (Fig. 9.3c). Isolated collagen bundles within the paren-
chyma are associated with disturbed vascular relationships and can be linked with 
incomplete septal fibrosis. In fact, these lesions were described in a period when 
cirrhosis was thought to have an irreversible progressive course, without the pros-
pect of regression. Recent advances in chronic liver disease have clearly shown that 
hepatic architecture is in constant remodeling as a response to tissue damage and 
repair. Actually, incomplete septal fibrosis may derive from cirrhosis that had 
regressed [17]. Vascular lesions induced by cirrhosis may still be evident for many 
years after fibrosis regression and may explain the persistence of portal hyperten-
sion. It is still unclear how such vascular changes and subsequent portal hyperten-
sion evolve over time.

In addition, these specific findings, are frequently associated with other changes 
including fine perforated septa, isolated thick collagen fibers, thin periportal fibrous 
spikes, portal tract remnants aberrant thin-walled vessels prolapsing from the portal 
tract into the para portal area(Fig. 9.3d), regions of sinusoidal dilation orpeliosis, 
and prominent arteries or artery multiplication [46, 47]. The common link between 
these lesions is their location within the porto-sinusoidal area.

 Auxiliary Diagnostic Methods

 Imaging

Patients with PSVD and portal hypertension present signs indicative of the latter 
including splenomegaly and porto-systemic collaterals. In patients without portal 
hypertension, particular imaging features may be present although not specific for 
portal hypertension. Such features include an increased hepatic artery diameter, 
although also common in patients with cirrhosis. Hypertrophy of segments IV and I 
and atrophy of remaining segments, aids in distinguishing PSVD or portal vein 
thrombosis from cirrhosis where by contrast, there is atrophy of segment IV and 
hypertrophy of segment I. The increase in size of segments IV and I and atrophy of 
surrounding segments is related to an impaired flow in the portal vein leading to 
hypertrophy of the central part of the liver and atrophy of the periphery [48, 49]. 
Furthermore, in comparison with patients with cirrhosis, patients with PSVD have 
more frequently a reduced caliber, an occlusive thrombosis or a lack of visibility of 
intrahepatic portal vein branches and focal nodular hyperplasia-like nodules [49].
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The presence of thrombosis of portal veins is currently not an exclusion criterion 
for a diagnosis of non-cirrhotic portal hypertension because patients with PSVD 
may develop secondary portal vein thrombosis.

 Elastography

In the last decade, the widespread implementation of liver and spleen elastography 
has aided in distinguishing among patients with clinically evident portal hyperten-
sion those with or without liver cirrhosis. Actually, patients with PSVD usually have 
liver stiffness values much lower than the cutoffs for clinically significant portal 
hypertension in cirrhosis, and spleen to liver stiffness ratio higher than in other liver 
diseases [50, 51].

Current data of elastography in PSVD are relatively limited. Reported liver stiff-
ness values range between 8.4 and 11.3 kPa; which is higher than in patients with 
portal vein thrombosis without PVSD (6.4–8.4 kPa) and significantly lower than in 
patients with cirrhosis [5, 51]. Although elastography promises to be most useful in 
evaluating for PVSD patients with portal hypertension, the data being still limited, 
liver biopsy remains the basis for diagnosis.

 Hepatic Venous Pressure Gradient Measurement 
and Hepatic Venography

Hepatic venous pressure gradient measurement allows for documenting PSVD 
inpatients with signs of obvious portal hypertension. The majority of patients have 
a portal pressure gradient below 10 mm Hg, the cutoff for so-called clinically sig-
nificant portal hypertension, despite signs of obvious portal hypertension. 
Additionally, in patients with PSVD, the hepatic venography performed during the 
portal pressure assessment commonly shows large hepatic veno-venous communi-
cations, a finding thus far incompletely understood [51].

 Special Considerations

 Focal Liver Lesions

Hepatocellular nodules can develop in PSVD patients, as they do in other vascular 
liver diseases, although less commonly than in patients with Budd-Chiari syndrome 
[52]. These nodules are generally benign, being for the most part focal nodular 
hyperplasia-like, and rarely adenomas. These nodules are considered to develop 
because of a distorted local blood perfusion combining enhanced arterialization and 
decreased portal venous perfusion, in addition to other probable hormonal and 
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gender- related factors. Development or progression to hepatocellular carcinoma 
appears to be very rare [53, 54].

 Pregnancy

Pregnancy, per se, is not a recognized risk factor for PSVD. From a practical aspect, 
pregnancy desire should be addressed routinely in patients with PSVD, as about 
15% of patients with PSVD are women of childbearing age, rendering reproductive 
issues particularly relevant [55–57]. It is paramount that liver disease remains stable 
before considering pregnancy.

Three small retrospective series including 40 women reported variceal bleeding 
in 15% of cases. Terlipressin is contraindicated during pregnancy. Low molecular 
weight heparin use was associated with post-partum genital bleeding; no deaths 
were observed. Nevertheless, in patients with PSVD with previous portal vein 
thrombosis, low molecular weight heparin can be safely used and a 24-hour inter-
ruption is recommended before delivery, ideally vaginal whenever possible [55, 
57–60]. Ten to 25% of the pregnancies in these series resulted in fetal loss.

Primary and secondary prophylaxis for variceal bleeding should by routinely 
started, following the rules recommended for patients with liver cirrhosis. There is 
currently no evidence supporting primary prophylaxis of thrombosis with antico-
agulation in pregnant women with PSVD.

 Non-hepatic Abdominal Surgery

A retrospective VALDIG study, including 47 patients with PSVD and portal hyper-
tension, reported portal hypertension-related complications in 30% of patients 
within 3  months post-op; these were more common in those with extrahepatic 
comorbidities. In patients with preserved renal function, 6-month survival was very 
good [61]. No information is available regarding patients with PSVD without portal 
hypertension.

 Management

 Medical

 Anticoagulation

The rationale for the use of anticoagulation in the setting of PSVD, even in the 
absence of portal vein thrombosis, includes several arguments. One of most com-
mon denominators of PSVD is thickening, narrowing or obliteration of intrahepatic 
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portal venules. Such a narrowing is thought to produce an ischemic atrophy of the 
hepatocytes, as seen in nodular regenerative hyperplasia. Among explanted livers, 
portal venules were found to be obliterated in 100%, and large portal veins in 67% 
[18]. Portal vein thrombosisoccursin 13–45% of PSVD patients during follow-up 
[4, 18, 43, 62]. Whether the increased risk of splanchnic thrombosis is related with 
local venule endothelial factors or mechanical causes related to blood stasis and 
portal hypertension, or a combination of all these factors, remains unknown [63]. 
Last, patients with PSVD commonly have underlying disorders associated with an 
increased risk of thrombosis (0–18%) [4, 14, 18, 19].

Moreover, inpatients with non-cirrhotic portal hypertension secondary to portal 
vein thrombosis, recanalization occurs in less than half of those treated with early 
anticoagulation [19, 64]. Such poor outcomes might be avoided with prophylactic 
anticoagulation in PSVD patients at risk for portal vein thrombosis.

Notwithstanding the justification for anticoagulation, randomized trials are 
required to assess the benefit risk ratio of prophylactic anticoagulation in patients of 
PSVD. Anticoagulation therapy is currently recommended for patients with high- 
risk prothrombotic disorders or those developing portal vein thromboses [65].

 Treatment of Portal Hypertension

The incidence and risk factors for progression of portal hypertension in PSVD 
patientsarestill unclear so that no preventive therapy can currently be recommended 
[18, 66].

In patients with PSVD and portal hypertension, current practice guidelines pro-
pose treating varices following the recommendations elaborated for patients with 
cirrhosis [65]. The effectiveness of this approach has been demonstrated [19, 67]. 
The cornerstone of therapy is beta-blockers, either carvedilol and propranolol, and 
endoscopic variceal ligation.

In situations where drug exposure or associated conditions exist, drug cessation 
or disease directed therapy could theoretically improve the outcomes of PSVD, 
although uncertain. The optimal strategy and interval to screen for portal hyperten-
sion signs such as varices is currently undefined.

 Transjugular Intrahepatic Porto-Systemic Shunt

Transjugular intrahepatic portosystemic shunts can be an effective treatment 
option in patients with PSVD and complications of portal hypertension such as 
variceal bleeding and refractory ascites. A multicenter study of 41 patients with 
PSVD and portal hypertension described a comparable outcome to that of patients 
with cirrhosis and similar liver function. Normal kidney function and the absence 
of severe extrahepatic comorbidities were prognostic factors for a better out-
come [68].
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 Surgery

Based on limited data, the overall outcome of PVSD patients with portal hyperten-
sion treated with abdominal surgical appears to be favorable [61, 69]. Portosystemic 
shunting or splenectomy have been mainly reported in adults or children from India 
and Turkey [32, 61, 69–72]. In most patients, porto-systemic surgical shunts and 
splenectomies were performed in patients with either complications related to portal 
hypertension or symptoms caused be splenomegaly [32]. Although shunt surgery 
was effective in reducing portal hypertension and no operative mortality was 
described, delayed morbidity was frequent, occurring in 20–50% of patients [69–
72]. Variceal rebleeding (10%), ascites and hepatic encephalopathy (up to 18% of 
cases) were the most frequently reported complications [70, 71]. This data high-
lights an important rate of complications in PSVD with portal hypertension treated 
surgically with shunt. In cases of severe hypersplenism, partial splenic embolization 
and splenectomy have been performed, but given the risks related to it, it must be 
only considered in rare, individual cases with symptomatic hypersplenism [68, 73].

Scarce reported data has demonstrated that survival of PSVD patients after liver 
transplantation is favorable [57]. Post-transplant (recurrent) PSVD has been 
reported, although its incidence is unclear [2].

 Current and Future Perspectives in Translational 
and Clinical Research

 Translational

There are currently some animal models that reproduce human PSVD. Among these 
are models replicating nodular regenerative hyperplasia and venous occlusion. 
Vascular embolization animal models using microspheres of dextran and serum bovine 
albumin, surgical models after splenic extraction and models with direct injection of 
bacteria into the portal vein did not accurately create PSVD [74–76]. Genetic models, 
namely NOTCH1 knockout mice replicated all of the histological findings of nodular 
regenerative hyperplasia and portal hypertension [77, 78]. JAK1 (IL-6–JAK–STAT 
pathway) mutated mice induces a phenotype similar to autoimmune disease with his-
tological signs of nodular regenerative hyperplasia [79]. Rats fed selenium-rich diet 
also generated nodular regenerative hyperplasia with portal hypertension [80]. 
Although promising, until now, no specific therapies have been tested in animal models.

 Clinical

The establishment of a new terminology to combine vascular liver diseases affect-
ing the porto-sinusoidal area and its wide dissemination will allow for a better 
understanding of the epidemiology of the disease. Furthermore, cohort studies with 
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patients with PSVD will advance knowledge of this condition and possibly help 
answer fundamental questions. It remains to be clarified why some patients develop 
portal hypertension while others remain asymptomatic. It is also unknown which is 
the best method to diagnose clinically significant portal hypertension considering 
that portal pressure gradient is not accurate in these patients, and at what intervals 
should they be screened. Additionally, it is obscure how PSVD should be defined 
histologically in patients with PSVD and concomitant liver diseases of other etiolo-
gies and what its relative impact is.

Lastly, the inclusion of patients under the terminology of PSVD will also facili-
tate the development of multicenter clinical trials testing the effect of directed ther-
apy such as anticoagulation.

 Conclusions

The establishment of the new denomination aimed to cover a heterogeneous group 
of conditions and develop clear diagnostic criteria. Liver biopsy remains fundamen-
tal for diagnosis. The implementation of the term porto-sinusoidal vascular disor-
der is key to facilitate multicenter, collaborative cohort studies to address the critical 
questions regarding this entity.
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Chapter 10
Sinusoidal Obstruction Syndrome/Hepatic 
Veno-Occlusive Disease

Vincent T. Ho, Nancy A. Kernan, Enric Carreras, and Paul G. Richardson

 Introduction

Sinusoidal obstruction syndrome (SOS), also known as hepatic veno-occlusive dis-
ease (VOD), is a potentially life-threatening complication that occurs mainly after 
myeloablative hematopoietic cell transplantation (HCT) but can occur after reduced- 
intensity HCT [1] and following chemotherapy or immunoconjugate therapy [2–5].
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 Disease State

 Incidence

The incidence of SOS/VOD varies based on the type of transplant, the intensity of the 
conditioning regimen, the presence of risk factors, and the clinical diagnostic criteria 
used (Seattle or Baltimore). Recent estimates indicate an incidence of 10–15% after 
allogeneic HCT with a myeloablative conditioning regimen and < 5% after autologous 
HCT or allogeneic HCT with reduced-intensity conditioning [1, 6, 7]. One pooled 
analysis reported a mean incidence of 13.7% [8]. In a single-center study of 845 allo-
geneic HCTs performed between January 1985 and July 2008, the cumulativeinci-
dence of SOS/VOD was reported to be 13.8% using the Seattle criteria and 8.8% using 
the Baltimore criteria [1]. This study also showed that the rate of SOS/VOD decreased 
significantly during the periods between 1985 to 1998 versus 1997 to 2008 (P = 0.01), 
likely due in part to the introduction of reduced-intensity conditioning.

Assuming a 5% to 10% incidence of SOS/VOD and more than 68,000 first-time 
HCTs (47% allogeneic; 53% autologous) performed worldwide in 2012, one would 
expect about 3500 to 7000 new cases of VOD per year [9]. Mortality may be greater 
than 80% for patients with severe SOS/VOD, which has been traditionally defined 
by multi-organ dysfunction (MOD; including its more severe form, multi-organ 
failure [MOF]) [8]. Similar findings were reported by Carreras et al. [2011] with 
myeloablative conditioning regimens, previous liver disease, poor performance sta-
tus, and mismatcheddonors as the variables having the greatest impact on SOS/
VOD development [1]. In children, the incidence is between 22% and 30%, 2-to 
three-fold higher than in adults [10–13].

Outside the transplant setting, SOS/VOD has been reported after chemotherapy, 
such as cyclophosphamide, cytarabine, vincristine, methotrexate, thioguanine, and 
especially with the calicheamicin-containing immunoconjugatesinotuzumaband 
gemtuzumabozogamicin [5, 14]. In the phase 3 trial of inotuzumabvs standard che-
motherapy in patients with relapsed/refractory acute lymphoblastic leukemia, the 
incidence of SOS/VOD was 13% in the inotuzumabmonotherapy group vs < 1% in 
the standard chemotherapy group [5]. Studies that included patients who developed 
SOS/VOD following nontransplant chemotherapy have reported anSOS/VOD inci-
dence of 7–12% [15, 16].

 Pathophysiology

The functional changes associated with SOS/VOD during HCT are believed to 
begin with toxic injury to the sinusoidal endothelial cells and hepatocytes in zone 
3 of the liver acinus. This damage can be caused by the chemotherapy or radio-
therapy used in the conditioning regimen, cytokines and endogenous microbial 
products released from damaged tissue, drugs used during HCT, and potentially 
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alloreactivity associated with the engraftment process itself. In vivo studies in rats 
have determined that intense and sustained physiological activation of sinusoidal 
endothelial cells impairs the ability of these cells to regulate thrombo-fibrinolytic 
balance followed by reduced nitric oxide production and increased levels of matrix 
metalloproteinase [17]. The resulting damage to the sinusoidal endothelium opens 
gaps in the sinusoidal barrier, permitting the extravasation of red blood cells, leuko-
cytes, and cellular and extracellular debris into the space of Disse beneath the endo-
thelial cells, and the dissection of the endothelial lining. The sloughed sinusoidal 
lining cells also embolize downstream and obstruct sinusoidal flow (Fig. 10.1) [18].

a b

c d

Fig. 10.1 Pathogenesis of SOS/VOD. Sinusoidal obstruction syndrome pathogenesis. (a) Normal 
hepatic sinusoid; (b) sinusoidal endothelial cells demaged during conditioning round favoring the 
appearance of gaps in the sinusoidal barrier; (c) RBCs, leucocytes and celluar debris penetrate into 
the space of Disse detaching the endothelial linging; (d) the sloughed sinusoidal lining cells embo-
lize downstream and obstruct the sinusoidal flow (sinusoidal obstruction syndrome). Adapted from 
‘The role of the endothelium in the short-tern complications of hematopoietic SCT’ by E Carreras 
and M Diaz-Ricart [2]. Figure “Sinusoidal obstruction syndrome pathogenesis” from Mohty M, 
Malard F, Abecassis M, et  al. Sinusoidal obstruction syndrome/veno-occlusive disease: current 
situation and perspectives-a position statement from the European Society for Blood and Marrow 
Transplantation (EBMT). Bone Marrow Transplant. 2015;50(6):781–789. This figure is licensed 
under a Creative Commons Attribution-Non Commercial-No Derivatives 4.0 International License 
(CC BY-NC-ND 4.0; http://creativecommons.org/licenses/by- nc- nd/4.0/). No changes were made 
to the original figure
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In addition, compressed sinusoidal vessels, thickening of the subintimal zone 
and narrowing of the lumen, platelet activation, and fibrin-related aggregates further 
reduce sinusoidal flow and increase the potential for complete sinusoidal occlusion. 
These hemodynamic events combine to cause progressive post-sinusoidal portal 
hypertension, worsening liver dysfunction, ascites, and may eventually result in 
MOD and death [1, 8, 19]. Other mediators of SOS/VOD pathogenesis may include 
pro-inflammatory, pro-thrombotic, and pro-apoptotic influences on sinusoidal endo-
thelial cells [6].

Following HCT conditioning, endothelial damage increases von Willebrand fac-
tor and platelet adhesion, both associated with a prothrombotic state, particularly in 
the allogeneic setting [20]. Further, unlike in an autologous setting, pro- inflammatory 
and pro-apoptotic changes on epithelial cells continue to increase in the allogeneic 
HCT setting, suggesting that alloreactivity could contribute to endothelial damage 
after conditioning [21, 22].

 Risk Factors

A good understanding of the risk factors for SOS/VOD is critical for prophylaxis or 
early treatment [23]. Risk factors may be related to the pre-transplant condition, the 
transplant itself, a pre-existing hepatic condition, the type of disease being trans-
planted, or individual patient characteristics and health. Risk factors for these cate-
gories are listed Table 10.1.

 Diagnosis

 Early Diagnosis

A timely diagnosis of SOS/VOD is of critical importance, given the availability of 
defibrotide as an approved therapeutic option with favorable tolerability. Several 
studies support the importance of early identification and treatment before progres-
sion of SOS/VOD [16, 26–31].

 Early Markers

Clinical signs of SOS/VOD incorporated into traditional Seattle and Baltimore cri-
teria for SOS/VOD diagnosis include fluid retention and ascites, edema, jaundice 
(serum bilirubin >2 mg/dl), weight gain (>2% and ≥ 5%, respectively), and painful 
hepatomegaly before day +21 after HCT [32–34]. Potential limitations of these cri-
teria are that they are less applicable in pediatrics or later onset (>day +21)  SOS/
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VOD where hyperbilirubinemia is often less prominent and could be a late event. 
Roeker and colleagues recently assessed early clinical parameters in a cohort of 
more than 200 cases of SOS/VOD after myeloablative conditioning regimen HCT 
and found that in the 7 days prior to SOS/VOD diagnosis, patients with SOS/VOD 
are more likely to be refractory to platelet transfusion, and have higher serum creati-
nine levels and increased serum trough levels of calcineurin inhibitors compared to 
patients without SOS/VOD [35]. The development of SOS/VOD usually peaks 

Table 10.1 Traditional risk factors for SOS/VOD

Pre-transplantation related Transplantation related

    • Prior abdominal radiation [23]
    • Previous stem cell transplantation [23]
    •  Prior treatment with gemtuzumabozogamicin [23] or 

inotuzumabozogamicin [7]
    • Impaired pulmonary function [23]
    •  Infection/antibiotic/antiviral use [23] (sepsis, 

vancomycin during cytoreductive therapy, pre- 
transplantation acyclovir) [10, 24]

    • Ferritin levels >1000 ng/mL [23]
    • Bilirubin >26 μmol/L before BMT [23]

•  Allogeneic HCT > autologous 
HCT [6, 23]

•  Unrelated/HLA-mismatched donor 
[6, 7, 23]

•  High-dose busulfan with a second 
alkylator conditioning [6, 7, 25]

•  High-dose total body irradiation 
conditioning [23]

•  GVHD prophylaxis including 
combinations of sirolimus, 
methotrexate and cyclosporine 
[23]

• Non-T-cell-depleted graft [6, 23]
• Second myeloablative HCT [6]

Disease related

    • Activated protein C resistance [6, 7]
    • Thalassemia [6, 7]
    • Deficit of AT IIIor t-PA [6]
    • Hemophagocyticlymphohistiocytosis [6]
    • Osteopetrosis [6]
Hepatic related Patient related

    • Transaminase >2.5 × ULN [6, 7]
    • Cirrhosis [6, 7]
    • Hepaticfibrosis [6, 7]
    • History of viral hepatitis B or C [6]
    • Abdominal or hepatic irradiation [7]
    •  Use of hepatotoxic drugs (chemotherapeutic agents, 

thiopurines, pyrrolizidine alkaloids) [7]
    • Iron overload [7]

•  Older > younger (in adult patients) 
[6, 7, 25]

•  Female receiving norethisterone 
[6, 7]

• Karnofsky score < 90% [6, 7, 25]
•  Gene polymorphism (GSTM1, 

GSMTT1, heparanase) [6, 7, 25]
•  Advanced disease (beyond second 

CR or relapse) [6, 7, 25]
• Metabolic syndrome [6, 7]

Specific pediatric related

    • Hemophagocyticlymphohistiocytosis, aadrenoleukodystrophy, osteopetrosis [6]
    • High-dose chemotherapy and autologous HCT in neuroblastoma [6]
    • Young age (<1–2 years) [6]
    • Low weight [6]
    • Juvenile myelomonocytic chronic leukemia [6]
    • Interval between diagnosis of malignancy and transplantation >12 months [23]
    • Deteriorated health status within 30 days before transplantation [23]

Abbreviations: AT III antithrombin III, BMT bone marrow transplant, CR complete response, 
GSTM1 glutathione S-transferase mu 1, GSTT1 glutathione S-transferase theta 1, GVHD graft- 
versus- host disease, HCT hematopoietic cell transplantation, SOS/VOD sinusoidal obstruction 
syndrome/veno-occlusive disease, t-PA tissue plasminogen activator, ULN upper limit of normal
aCan occur in adults
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around day +12 after HCT [36], but later onset can be seen in cases associated with 
sirolimus use and in adults receiving conditioning regimens that include two or 
more alkylators. Onset beyond day +30 may occur in 15% to 20% of children [13].

Although definitive benefits remain inconclusive, magnetic resonance imaging 
and gray-scale and color Doppler ultrasonography have been used for accurate 
assessment of liver size, the presence of ascites [13], thickening of the gallbladder 
wall [37] and absence/presence of vascular flow and flow direction [38]. With the 
new pediatric EBMT guidelines, baseline ultrasound imaging might become man-
datory for children [39]. Elastography is a non-invasive imaging modality that maps 
the elastic properties and stiffness of soft tissue and may be a reasonable strategy to 
evaluate the presence of portal hypertension based on a liver stiffness value >21 kPa 
[38, 40, 41]. Serialultrasoundelastographymay also hold the potential for helping 
clinicians predict early onset of SOS/VOD. Several techniques have been developed 
using ultrasound, including strain imaging methods that rely on internal or external 
compression stimuli and shear wave imaging that relies on ultrasound generated 
shear-wave stimuli [42]. Post-graft ultrasound and Doppler examinations (flow 
recorded in the paraumbilical vein) have a prognostic significance according to the 
grade of SOS/VOD [43]. Laboratory findings associated with SOS/VOD include 
elevated aminotransferases, hyperbilirubinemia, prolonged prothrombin time, and 
signs of decreased synthetic function (e.g., low albumin and decreased coagulation 
factors, such as Factor VII) [6, 44].

 Hemodynamic Study of the Liver

The most accurate method of confirming SOS/VOD diagnosis and evaluating dis-
ease severity is measurement of hepatic venous gradient pressure (HVPG) through 
the jugular vein. HVPG is defined as the difference between wedged and free 
hepatic venous pressure and has an excellent correlation with portal vein pressure 
[45]. When performed by an expert hemodynamist, this procedure carries a low risk 
when only venous pressure is measured. However, the risk associated with this pro-
cedure increases notably if trans venous biopsies of the liver are obtained [46]. A 
HVPG of ≥10  mmHg in a patient without previous liver disease is seen almost 
exclusively in cases of SOS/VOD [45, 46]. HVPG also has prognostic value 
(patients with a HVPG of >15 mmHg rarely survive) and can help to monitor the 
effectiveness of treatment [45].

 Biopsy

In adults, trans jugular liver biopsy is an effective technique to establish the diagno-
sis of SOS/VOD [46, 47]. This approach is recommended over a percutaneous 
biopsy to reduce the risk of bleeding and problems associated with ascites and coag-
ulopathy [48]. Liver biopsy is particularly useful for patients in whom the diagnosis 
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of SOS/VOD is unclear based on standard clinical and laboratory diagnostic crite-
ria, and/or if there is a need to exclude other diagnoses such as infection, graft-vs- 
host disease (GVHD), drug-induced liver injury, nonalcoholic steatohepatitis, or a 
combination of hepatic disorders [23, 49]. Trans jugular liver biopsy is not recom-
mended for use in children [50].

 Baltimore and Seattle Criteria

The Baltimore, Seattle, and modified Seattle criteria were developed to diagnose 
SOS/VOD clinically without the need for a liver biopsy, based on clinical signs and 
symptoms of SOS/VOD rather than on the histopathology of disease [32, 33]. The 
3 criteria differ in the number and magnitude of clinical features required for a posi-
tive diagnosis and in the time of assessment after HCT. For example, the Baltimore 
criteria require elevated bilirubin at diagnosis, while the modified Seattle criteria do 
not have this as a requirement. The original Seattle criteria lacked specificity with 
respect to bilirubin and weight gain (Table 10.2).

 European Society for Blood and Marrow 
Transplantation (EBMT)

New diagnostic and severity criteria for SOS/VOD were proposed by the EBMT for 
adults in 2016 [7] and for children in 2018 [13].

Table 10.2 SOS/VOD Criteria

Baltimore [32]
Serum bilirubin >34 μmol/L (>2 mg/dL) within 21 days of transplantation AND ≥ 2 of the 
following:
    • Painful hepatomegaly
    • >5% weight gain from baseline
    • Ascites
Seattle [24]
Development of ≥2 of the following before day 30 after transplantation
    • Jaundice
    • Hepatomegaly with right upper quadrant pain
    • Ascites and/or unexplained weight gain
Modified Seattle [33]
Occurrence of ≥2 of the following within 20 days of transplantation
    • Serum bilirubin>34 μmol/L (>2 mg/dL)
    • Hepatomegaly with right upper quadrant pain
    • >2% weight gain from baseline due to fluid retention

Abbreviations: HCT hematopoietic cell transplantation, SOS/VOD sinusoidal obstruction syn-
drome/veno-occlusive disease
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 Adults

In adults, the EBMT has established new diagnostic criteria for SOS/VOD in the 
first 21 days after HCT and for late-onset SOS/VOD (Table 10.3), in which the pres-
ence of hyperbilirubinemia is no longer mandatory.

 Children

The EBMT also set new criteria for diagnosing SOS/VOD in children (Table 10.4), 
as significant differences exist between adults and children in terms of incidence 
and presentation. Hyperbilirubinemia in children is frequently either absent, pre- 
existing, or found only in advanced-stage SOS/VOD. Thus, bilirubin >2 mg/dL is 
not a mandatory diagnostic criterion in children [51]. Instead, the EBMT criteria 
include a bilirubin level elevated from an individual baseline on 3 consecutive days, 
after the exclusion of competing causes, as a possible criterion.

There are challenges in the diagnosis of SOS/VOD in children. Trans jugular 
liver biopsy is difficult to perform and should be used with caution in patients with 
profound thrombocytopenia [45, 46]. Despite its limitations, such as day-to-day 
variability in findings and the need to transport the child to the radiology department 
for assessment, ultrasoundis recommended to support the diagnosis [13, 52]. The 
Baltimore criteria are not applicable to anicteric SOS/VOD, which is seen in up to 
30% of pediatric patients, and the modified Seattle criteria may lead to early or 

Table 10.3 2016 EBMT adult criteria for SOS/VODa

Classic SOS/VOD Late-onset SOS/VOD

In the first 21 days after HCT >21 days after HCT
Bilirubin ≥2 mg/dL and
2 of the following criteria must be 
present:
    • Painful hepatomegaly
    • Weight gain >5%
    • Ascites

Classic SOS/VOD beyond day 21 OR
Histologically proven SOS/VODOR
Two or more of the following criteria must be 
present:
    • Bilirubin ≥2 mg/dL (or 34 μmol/L)
    • Painful hepatomegaly
    • Weight gain >5%
    • Ascites
AND
Hemodynamic or/and ultrasound evidence of SOS/
VOD

Abbreviations: HCT hematopoietic cell transplantation, SOS/VOD sinusoidal obstruction syn-
drome/veno-occlusive disease. These symptoms/signs should not be attributable to other causes
Table (“New EBMT criteria for SOS/VOD diagnosis in adults”) from Mohty M, Malard F, 
Abecassis M, et al. Revised diagnosis and severity criteria for sinusoidal obstruction syndrome/
veno-occlusive disease in adult patients: a new classification from the European Society for Blood 
and Marrow Transplantation. Bone Marrow Transplant. 2016;51(7):906–912. This table is licensed 
under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License 
(CC BY-NC-ND 4.0; http://creativecommons.org/licenses/by- nc- nd/4.0/). No changes were made 
to the original table
aAfter the exclusion of competing causes
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over- diagnosed SOS/VOD in the presence of fluid overload [13, 51, 53]. In 2017, 
the HCT Committee of Pediatric Acute Lung Injury and Sepsis Investigators 
(PALISI) established a set of supportive care guidelines for the management of 
suspected SOS/VOD in children and adolescents in the presence of increasing 
weight gain, hepatomegaly, ascites, increased need of platelet transfusions, and/or 
hyperbilirubinemia [52].

 Assessing Severity

The EBMT prospectively classifies SOS/VOD as mild, moderate, severe, or very 
severe [7, 13]; however, SOS/VOD is unpredictable and vigilance for signs of pro-
gression must be maintained. Using the Common Terminology Criteria for Adverse 
Events (CTCAE) grading system, the EBMT proposed criteria for grading of SOS/
VOD severity in adults based on key signs and symptoms and the kinetics of their 
onset (Table 10.5). These severity criteria should be analyzed at the same time that 
the diagnosis of SOS/VOD is established using the clinical criteria mentioned above.

The EBMT [13] criteria for assessing severity in children are also based on the 
CTCAE grading scale but are tailored to signs and symptoms noted in children. In 
addition, liver and pulmonary function, coagulation, central nervous system, asci-
tes, and persistent refractory thrombocytopenia also are assessed (Table  10.6). 
Elevated transaminases are not usually found in the early stages of SOS/VOD but 
may reflect advanced-stage disease. Elevated glutamate dehydrogenase may also be 
considered a reliable measure of severity. Presence of two or more of the elevated 
liver function tests is categorized as very severe SOS/VOD.

Table 10.4 2018 EBMT child criteria for SOS/VOD

No limitation for time of onset of SOS/VOD
The presence of two or more of the following with the exclusion of other potential differential 
diagnoses:
    •  Unexplained consumptive and transfusion-refractory thrombocytopenia (≥1 weight- 

adjusted platelet substitution/day to maintain institutional transfusion guidelines)
    •  Otherwise unexplained weight gain on 3 consecutive days despite the use of diuretics or a 

weight gain >5% above baseline value
    • Hepatomegaly (best if confirmed by imaging) above baseline valuea

    • Ascites (best if confirmed by imaging) above baseline valuea

    •  Rising bilirubin from a baseline value on 3 consecutive days or bilirubin ≥2 mg/dL within 
72 h

Abbreviations: SOS/VOD sinusoidal obstruction syndrome/veno-occlusive disease
Table (“EBMT diagnostic criteria for hepatic SOS/VOD in children”) from Corbacioglu S, 
Carreras E, Ansari M, et al. Diagnosis and severity criteria for sinusoidal obstruction syndrome/
veno-occlusive disease in pediatric patients: a new classification from the European society for 
blood and marrow transplantation. Bone Marrow Transplant. 2018;53(2):138–145. Table is 
licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0; http://cre-
ativecommons.org/licenses/by/4.0/)
aSuggested: imaging (ultrasonography, computed tomography, or magnetic resonance imaging) 
immediately before HCT to determine baseline value for both hepatomegaly and ascites
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 Treatment

 Non-pharmacologic Prevention

SOS/VOD risk can be reduced by considering the potential interaction of the 
patient’s reversible risk factors, such as reducing iron overload, treating active viral 
hepatitis, and allowing abnormal liver tests to normalize before starting conditioning 
therapy [54]. Transplant-related risk factors, especially in regards to the conditioning 
agents, dose intensity, and type of GVHD prophylaxis, also may be modified to 

Table 10.5 2016 EBMT criteria for severity grading of suspected SOS/VOD in adultsa

Mildb Moderateb Severe
Very Severe- 
MOD/MOFc

Time since first 
clinical 
symptoms of 
SOS/VODd

>7 days 5–7 days <4 days Anytime

Bilirubin (mg/
dL)

≥2 and < 3 ≥3 and < 5 ≥5 and < 8 ≥8

Bilirubin 
(μmol/L)

≥34 and < 51 ≥51 and < 85 ≥85 and < 136 ≥136

Bilirubin 
kinetics

Doubling within 
48 h

Transaminases ≤2 × normal >2 and ≤ 5 × normal >5 
and ≤ 8 × normal

>8 × normal

Weight increase <5% ≥5% and < 10% ≥5% and < 10% ≥10%
Renal function <1.2 × baseline 

at transplant
≥1.2 
and < 1.5 × baseline 
at transplant

≥1.5 
and < 2 × baseline 
at transplant

≥2 × baseline 
at transplant or 
other signs of 
MOD/MOF

Note: Renal failure is defined as creatinemia ≥2 times the baseline at transplant, or creatinine 
clearance ≤50% level at transplant, or dialysis
Abbreviations: EBMT European Society for Blood and Marrow Transplantation, MOD multi- 
organ dysfunction, MOF multi-organ failure, SOS/VOD sinusoidal obstruction syndrome/veno- 
occlusive disease
Table (“New EBMT criteria for SOS/VOD diagnosis in adults”) from Mohty M, Malard F, 
Abecassis M, et al. Revised diagnosis and severity criteria for sinusoidal obstruction syndrome/
veno-occlusive disease in adult patients: a new classification from the European Society for Blood 
and Marrow Transplantation. Bone Marrow Transplant. 2016;51(7):906–912. This table is licensed 
under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License 
(CC BY-NC-ND 4.0; http://creativecommons.org/licenses/by- nc- nd/4.0/). No changes were made 
to the original table
aPatients belong to the category that fulfills 2 or more criteria. If patients fulfill 2 or more criteria 
in 2 different categories, they must be classified in the most severe category. Patients with weight 
increase ≥5% and  <  10% are considered by default as having severe SOS/VOD; however, if 
patients do not fulfill other criteria for severe SOS/VOD, weight increase ≥5% and < 10% is there-
fore considered as a criterion for moderate SOS/VOD
bIn the case of presence of 2 or more risk factors for SOS/VOD, patients should be in the upper grade
cPatients with multi-organ dysfunction must be classified as very severe
dTime from the date when the first signs/symptoms of SOS/VOD began to appear (retrospectively 
determined) and the date when the symptoms fulfilled SOS/VOD diagnostic criteria
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mitigate the risk of SOS/VOD [25]. The use of reduced-intensity conditioning, 
reduced toxicity myeloablative conditioning regimen by combining intravenous 
busulfan (BU) and fludarabine instead of double alkylating regimens [55–57], and/
or a change in the order of the drugs, e.g., cyclophosphamide (CY)/BU instead of 
BU/CY [58] may decrease the incidence of SOS/VOD and should be considered in 
elderly patients and in heavily pretreated adult patients or those with comorbidities.

At-risk patients, such as those undergoing a second myeloablative HCT, those 
with pre-existing liver disease or prior radiation, or those treated with gemtuzumabo-
zogamicin or inotuzumabozogamicin, should be considered for preventive measures, 
as well as children with high risk diseases like adrenoleukodystrophy, lymphohistio-
cytosis, or osteopetrosis. Splitting the dose of gemtuzumabozogamicin is 

Table 10.6 2018EBMT criteria for severity grading of suspected SOS/VOD in childrena

Mild1 Moderate2 Severe3
Very severe MOD/
MOF4

LFTb (ALT, AST, 
GLDH)

≤2 × normal >2 
and ≤ 5 × normal

>5 >5

Persistent RTb <3 days 3–7 Days >7 days >7 days
Bilirubinb,c (mg/
dL; μmol/L)

<2; <34 <2; <34 ≥2; ≥34 ≥2; ≥34

Ascitesb Minimal Moderate Necessity for 
paracentesis 
(external drainage)

Necessity for 
paracentesis (external 
drainage)

Bilirubin kinetics Doubling within 48 h
Coagulation Normal Normal Impaired 

coagulation
Impaired coagulation 
with need for 
replacement of 
coagulation factors

Renal function 
GFR (mL/min)

89–60 59–30 29–15 <15 (renal failure)

Pulmonary 
function (oxygen 
requirement)

<2 L/min >2 L/min Invasive 
pulmonary 
ventilation 
(including CPAP)

Invasive pulmonary 
ventilation (including 
CPAP)

CNS Normal Normal Normal New onset cognitive 
impairment

Abbreviations: ALT alanine transaminase, AST aspartate transaminase, CNS central nervous sys-
tem, CPAP continuous positive airway pressure, CTCAE Common Terminology Criteria for 
Adverse Events, GFR glomerular filtration rate, GLDH glutamate dehydrogenase, LFT liver func-
tion test, MOD/MOF multi-organ dysfunction/multi-organ failure, RT refractory thrombocytope-
nia, SOS/VOD sinusoidal obstruction syndrome/veno-occlusive disease
Table “EBMT criteria for grading the severity of suspected hepatic SOS/VOD in children” from 
Corbacioglu S, Carreras E, Ansari M, et al. Diagnosis and severity criteria for sinusoidal obstruc-
tion syndrome/veno-occlusive disease in pediatric patients: a new classification from the European 
society for blood and marrow transplantation. Bone Marrow Transplant. 2018;53(2):138–145. 
Table is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0; 
http://creativecommons.org/licenses/by/4.0/).
aIf patient fulfills criteria in different categories they must be classified in the most severe category. 
In addition, the kinetics of the evolution of cumulative symptoms within 48 h predicts severe disease
bPresence of ≥2 of these criteria qualifies for an upgrade to level 4 (very severe SOS/VOD)
cExcluding pre-existent hyperbilirubinemia due to primary disease
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recommended to possibly decrease SOS/VOD risk [25, 54]. Patients receiving inotu-
zumab should be limited to 2 cycles, if feasible, and use of dual alkylator conditioning 
regimen should be avoided if possible [59]. Efforts must be made to avoid any hepa-
totoxic concomitant drug in the peri-transplant period [60].

Efforts also should be made to reduce the risk of the alloreactive phenomena. 
Donors with the maximum degree of human leukocyte antigen compatibility should 
be sought, and the use of in vivo or ex vivo T-cell depletion should be considered in 
unrelated or mismatched settings [61, 62]. Finally, it is necessary to consider the 
nature of the GVHD prophylaxis. In particular, sirolimus-based GVHD prophylaxis 
in conjunction with a calcineurin inhibitor is associated with higher incidence of 
SOS/VOD after allogeneic HCT [59] and especially when used together with tacro-
limus and methotrexate [63].

 Supportive Care

Treatment of SOD/VOD is largely symptomatic and supportive; however, because 
of the variable nature of SOS/VOD, all patients should be managed and monitored 
in the inpatient setting, with strict attention to total body fluid balance, daily weights, 
hepatorenal parameters, monitoring for bleeding and infections, and vigilance for 
development of MOD, which is the hallmark of severe SOS/VOD.

Careful use of diuretics is designed to minimize extracellular fluid overload with-
out worsening renal function. Given the propensity for sodium avid fluid retention in 
SOS/VOD, sodium restriction and the avoidance of hepato- and nephrotoxic drugs 
are key in the management paradigm. Oxygen supplementation to minimize liver 
ischemia, analgesia, therapeutic paracentesis, thoracentesis, and hemodialysis/hemo-
filtration maybe required to achieve comfort, alleviate volume overload and tempo-
rize complications of acute renal dysfunction [25, 64]. SOS/VOD with MOD often 
requires transfer to an intensive care unit for close monitoring and management [23].

 Pharmacotherapy

 Prevention

At present, no drugs are approved for prophylaxis of SOS/VOD. The data for prophy-
lactic use of ursodeoxycholic acid (UDCA) are inconclusive. Although some studies 
have shown that it decreases the incidence of VOD [64–67] the evidence is of low to 
very low quality [68]. Despite that, UDCA is usually recommended in HCT, as all stud-
ies show a lower liver toxicity, GVHD incidence and severity, and treatment-related 
mortality among patients receiving this prophylaxis. Prophylactic use of defibrotide has 
shown encouraging results in several studies [69, 70], including a prospective Phase 3 
study in children [12]. A large international randomized trial (NCT02851407) of pro-
phylactic use of defibrotide for SOS/VOD is currently ongoing in adult and pediatric 
patients post-HCT. The prophylactic use of defibrotide also may be helpful in patients 
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undergoing autologous transplantation using high-risk conditioning regimens [54]. 
Although results are inconclusive [71], heparin remains in use for prevention in some 
centers; however, it is associated with bleeding risk. Other agents such as low molecular 
weight heparin, antithrombin III, prostaglandin E1, and pentoxifylline have proven to 
be ineffective or the study results inconclusive [25]. Recently, in a retrospective study of 
post-HCT pediatric patients with at least one risk factor for SOS/VOD from 2007 to 
2016 at Showa University Fujigaoka Hospital (n = 19), no cases of SOS/VOD devel-
oped in 8 patients who received recombinant thrombomodulin with UDCA and low- 
molecular- weight heparin (LMWH) as prophylaxis for SOS/VOD, while 3 cases 
developed in the control group of 11 patients who received only UDCA and LMWH [72].

 Treatment

 General

Unfractionated heparin and LMWH appeared to be effective in some trials [73–75] 
but not in others [71, 76], and are not recommended in light of the significant risk of 
hemorrhage [54]. High-dose methylprednisolone may be beneficial in adults with 
mild to moderate SOS/VOD [77], but caution is recommended due to a risk of infec-
tion [54]. Methylprednisolone has been used in combination with defibrotide for 
treatment of SOS/VOD [29, 78]; also, 1 of the authors (NAK) has observed effective 
treatment with methylprednisolone in patients who develop SOS/VOD while on pro-
phylactic defibrotide. Tissue plasminogen activator is no longer recommended for 
the treatment of SOS/VOD because of a high incidence of hemorrhagic complica-
tions in patients with MOD [79]. Other treatments used with limited evidence of 
success include prostaglandin E1 andantithrombin III [25]. A recent retrospective 
survey in Japan examining data from 65 patients between 1999 and 2011 found simi-
lar efficacy rates between recombinant thrombomodulin (n = 41; Day +100 overall 
survival rate, 48%; Day +100 complete response rate, 54%) and defibrotide (n = 24; 
Day +100 overall survival rate, 50%; Day +100 complete response rate, 50%) [80].

 Defibrotide

To-date, the only approved treatment for SOS/VOD is defibrotide. Defibrotide is 
approved to treat severe hepatic SOS/VOD post-HCT in patients aged >1 month in 
the European Union [81], and to treat SOS/VOD with renal or pulmonary dysfunc-
tion post-HCT in the United States [82] and Canada [83]. The recommended dosage 
of defibrotide for adult and pediatric patients is 6.25 mg/kg every 6 h administered 
over 2 h by intravenous infusion. It is recommended that defibrotide be adminis-
tered for a minimum of 21 days and until signs and symptoms of SOS/VOD have 
resolved, up to a maximum of 60 days. Defibrotide is not recommended for patients 
with active bleeding or those receiving systemic anticoagulants or fibrinolytic ther-
apy and it is advised that all patients be monitored for signs of bleeding.

Defibrotide is a polydisperse mixture of predominantly single-stranded poly-
deoxyribonucleotidesodium salts [84, 85]. It has been shown to maintain endothelial 
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cell integrity and to have fibrinolytic, antithrombotic, and anti-inflammatory actions. 
In vitro, defibrotide protects endothelial cells from chemotherapy-induced apoptosis 
[86]. In addition, defibrotide inhibits heparinase activity, thus protecting heparan sul-
fate proteoglycans, a key component of the extracellular matrix and basement mem-
branes [87, 88]. In human macro- and microvascular endothelial cells, defibrotide 
prevented increased von Willebrand Factor expression and endothelial cell matrix 
reactivity toward platelets induced by exposure to sera from patients with GVHD 
[89, 90]. Defibrotide also modulated lipopolysaccharide-induced changes in micro- 
and macrovascular endothelial cells, preventing increases in plasminogen activator 
inhibitor-1 expression and enhancing tissue plasminogen activator antigen expres-
sion, leading to an overall increase in fibrinolytic activity [84]; a similar increase in 
fibrinolytic activity was seen in defibrotide- treated patients [91]. Defibrotide reduced 
platelet adhesion and aggregate formation in humans [92] and inhibited platelet acti-
vation in vitro [93]. Defibrotide has been shown to decrease the presence of pro-
inflammatory factors, such as IL-6, thromboxane A2, leukotriene B4, tissue necrosis 
factor, and reactive oxygen species in endothelial cells [94, 95]. In a mouse model of 
GVHD, prophylactic administration of defibrotide reduced pro-inflammatory media-
tors and promoted anti- inflammatory factors, compared with control mice [96].

Defibrotide efficacy and safety were first suggested in a compassionate use 
program [97] followed by a Phase 2 trial [28] in SOS/VOD patients with MOD 
following HCT. Complete response and Day +100 survival rates were promising 
in both studies. In a Phase 3 trial of patients with SOS/VOD and advanced MOF, 
defibrotide was associated with significant improvement in Day +100 survival 
(38.2% vs 25.0%; P  =  0.0109) and complete response rates (25.5% vs 12.5%; 
P = 0.0160) compared with historical controls [98]. In an expanded-access proto-
col (T-IND), the efficacy and safety of defibrotide was consistent with previous 
studies. The large number of patients in the T-IND (n = 1137) allowed for evalua-
tion of defibrotide in multiple subpopulations, including comparisons between 
adult (>16 years) and pediatric patients, patients with allogeneic and autologous 
transplants, patients with SOS/VOD onset ≤21  days and  >  21  days post-HCT, 
patients with post-HCTSOS/VOD with and without MOD, and patients with non 
transplant-associated SOS/VOD with and without MOD [16, 31]. Patient sub-
groups without MOD had higher survival rates than those with MOD (Fig. 10.2). 

Fig. 10.2 Kaplan-meier estimated survival of patients with SOS/VOD following HCT (a) or 
nontransplant- associated chemotherapy (b) and Treated with Defibrotide. (a) Day + 100 Post-HCT 
(b) Day + 70 Post-nontransplant chemotherapy. Figure “Kaplan-Meier estimated survival to Day 
+100 by MOD status” (panel A) from Kernan NA, Grupp S, Smith AR, et al. Final results from a 
defibrotide treatment-IND study for patients with hepatic veno-occlusive disease/sinusoidal 
obstruction syndrome. Br J Haematol. 2018;181(6):816–827. Figure “Kaplan-Meier survival plot 
to Day +70” (panel B) from Kernan NA, Richardson PG, Smith AR, et al. Defibrotide for the treat-
ment of hepatic veno-occlusive disease/sinusoidal obstruction syndrome following nontransplant- 
associated chemotherapy: Final results from a post hoc analysis of data from an expanded-access 
program. Pediatr Blood Cancer. 2018;65(10):e27269. Both figures are licensed under a Creative 
Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0; https://creative-
commons.org/licenses/by- nc/4.0/). No changes were made to the original figures
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In addition, data from the T-IND showed that earlier initiation of defibrotide treat-
ment was associated with higher Day +100 survival (P < 0.001; Cochran-Armitage 
test for trend) [31]. Taken together, these data emphasize the importance of prompt 
initiation of defibrotide treatment, further supporting its efficacy in the setting of 
SOS/VOD, and in particular its use for established disease, as well as preemp-
tively in high-risk patients.

In summary, SOS/VOD remains a serious and potentially fatal condition after 
HCT that requires ongoing vigilance to achieve earlier diagnosis and intervention. 
Promising future directions include defibrotide prophylaxis for SOS/VOD in adults 
and pediatric patients post-HCT, and prophylaxis and treatment of SOS/VOD with 
recombinant thrombomodulin. Ongoing research in ultrasound radiography, clinical 
and chemical biomarkers should improve our ability to identify and prognosticate 
this disease early in its course, and to promote earlier intervention to improve treat-
ment outcomes.
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Chapter 11
Sinusoidal Dilatation and Peliosis Hepatis

Loretta L. Jophlin, Vijay H. Shah, and Douglas A. Simonetto

 Normal Hepatic Sinusoids

Healthy hepatic sinusoids are capillary-sized (7–15 μm) [1] endothelial-lined blood 
vessels where oxygen-rich arterial blood and nutrient-rich portal blood merge 
within the healthy liver. Oxygenated blood is carried to the sinusoids via branches 
of the hepatic arteries whereas portal blood reaches the sinusoids via branches of the 
portal vein. Blood from both sources converge within the sinusoids, which are 
arranged similar to spokes of a wheel with cords of hepatocytes running parallel to 
them. The terminal end of each sinusoid empties into the central vein. The central 
vein resides in the center of each hepatic lobule, the repeating functional unit of the 
liver containing the liver parenchyma, bile ducts and all previously mentioned vas-
cular structures. Sinusoids differ from typical capillaries as sinusoidal endothelial 
cells harbor clusters of fenestra, each measuring 150–175 nm [2], within the flat-
tened ends of their cellular processes. These fenestrated areas are termed “sieve- 
plates” and allow for the size-restricted passage of particulates to the sub endothelial 
space of Disse. Likewise, size-restricted material can pass from the space of Disse 
via the fenestra into the sinusoids for systemic delivery. As such, the sinusoids func-
tion as a size-restricted, bidirectional sieve within the liver. Sinusoidal endothelial 
cells also have high endocytic and exocytic potential and can serve as a direct port 
of entry and export for molecules and pathogens to the liver. The space of Disse 
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resides adjacent to the hepatic parenchyma composed predominantly of hepato-
cytes, functional liver cells responsible for bile production, protein synthesis, glu-
cose homeostasis, and metabolism of drugs and toxins. Within the space of Disse 
also reside contractile, vitamin A-laden hepatic stellate cells, which are responsible 
for retinoid storage and extracellular matrix production in response to liver injury. 
As the conduit between the space of Disse and the systemic circulation, the hepatic 
sinusoids are integral for maintaining hepatic homeostasis.

 Sinusoidal Pressure and Compression

The tonicity of blood flow in hepatic sinusoids is regulated by factors proximal to, 
distal to and within (or adjacent to) the sinusoid. The sinusoid itself is the lowest pres-
sure space within the liver (~6 mmHg) [3] and its pressure can be measured indirectly 
by performing a wedged hepatic venous pressure [4]. When sinusoidal outflow is 
impaired, pressure within the sinusoids increases. When this pressure exceeds the free 
hepatic venous pressure by greater than 6 mmHg, sequelae of portal hypertension may 
manifest with the development of ascites and portosystemic shunts including esopha-
geal varices [5]. When the etiology of increased sinusoidal pressure exists within the 
liver, with constriction rather than dilatation of the sinusoids, the resultant portal 
hypertension is classified as sinusoidal portal hypertension. In the setting of liver 
injury, this scenario can arise from the contraction of sinusoidal endothelial cells and 
hepatic stellate cells, secondary to increases in local vasoconstrictors, such as endo-
thelin-1, and decreases in vasodilators, such as nitrous oxide [6]. Acute inflammation 
leading to sinusoidal plugging with inflammatory cells [1] or hepatocyte injury result-
ing in swelling of adjacent liver parenchyma can also slow the flow within sinusoids 
leading to sinusoidal portal hypertension. When acute, sinusoidal portal hypertension 
and its sequelae can be reversed upon cessation of the insult and subsequent hepatic 
recovery [6]. The accumulation of extracellular matrix fibers produced by transdif-
ferentiated hepatic stellate cells in response to viral hepatitis C infection, excessive 
alcohol use and non-alcoholic fatty liver disease (the three most common etiologies of 
cirrhosis) can also impair sinusoidal blood flow, generally in a less reversible manner, 
and as such sinusoidal portal hypertension is the most common type of portal hyper-
tension. Portal hypertension can also result from disease processes outside of the sinu-
soids (pre- or post- sinusoidal portal hypertension) and may yield distortion or 
dilatation of the sinusoids. Sinusoidal dilatation, however, can exist with or without 
concomitant portal hypertension as described below.

 Classifications of Sinusoidal Distortion

Abnormal architecture of hepatic sinusoids can be classified as idiopathic (without 
identifiable etiology) or acquired (secondary to an identified insult or condition). 
Both idiopathic and acquired sinusoidal abnormalities can first manifest during 
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human development in utero (congenital) or can manifest after birth throughout the 
course of the human lifespan (adult-onset). Adult-onset abnormalities are generally 
secondary to conditions causing hepatic outflow obstruction or exposure to drugs or 
infections which damage the sinusoidal endothelium. In addition to the causes of 
sinusoidal portal hypertension described above, dozens of secondary causes of sinu-
soidal architecture disruption are known and herein we focus our discussion on the 
architectural manifestations and etiologies of sinusoidal dilatation (Table 11.1) and 
peliosis(Table 11.2). Lastly, we identify capillarization (also referred to as defenes-
tration), the loss of fenestra from sinusoidal endothelial cells, as a unique type of 
sinusoidal architectural disruption. This process can be secondary to hepatic fibrosis 
[7], toxin exposure [8] or normal aging [9].

Microscopically, sinusoidal disruptions can be classified as pan acinar or zonal. 
Pan acinar disruptions affect all sinusoids regardless of location in the hepatic 

Table 11.1 Conditions associated with sinusoidal dilatation

Outflow obstruction Non-obstructive

Cardiac pathology
   Right-sided heart failure
   Valvular heart disease
   Constrictive pericarditis

Antiphospholipid syndrome

Budd-chiari syndrome
   Hepatic vein
    Thrombosis/compression
   Inferior vena cava
    Thrombosis/compression

Drugs
   Anabolic steroids
   Azathioprine
   Oral contraceptives
   Oxaliplatin-based chemotherapy

Sinusoidal obstruction syndrome Congenital absence of the portal vein
Hepatic veno-occlusive disease with immunodeficiency Extrahepatic malignancy

   Renal cell carcinoma
   Hodgkin’s lymphoma
   Pseudo papillary tumor

Sickle cell anemia Infections
   Pyelonephritis
   Pneumonia
   Septicemia
   Brucellosis
   Pulmonary tuberculosis
Inflammatory conditions
   Sarcoidosis
   Inflammatory bowel disease
   Rheumatoid arthritis
   Still disease
   Pancreatitis
   Castleman’s disease
Portal vein thrombosis
Post-operative states
   Gastric bypass
   Cholecystectomy
   Splenectomy
   Liver transplant (allograft)
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lobule. Zonal disruptions can affect the portion of the sinusoids closer to feeding 
tributaries near the portal triad (zone 1), near the mid sinusoid (zone 2) or closer to 
the central vein (zone 3) [10]. Macroscopically, sinusoidal dilatation may be focal 
(affecting small portions of a hepatic lobe), lobar (affecting one entire hepatic lobe) 
or pan-hepatic (affecting the entire liver). The pattern is generally dependent on the 
etiology. Likewise, peliosis may be focal, lobar or pan-hepatic [11].

 Sinusoidal Dilatation

 Features of Sinusoidal Dilatation

Hepatic sinusoidal dilatation is the non-physiologic architectural disruption and 
enlargement of the hepatic sinusoidal lumen beyond its normal size of 7–15 μm, 
noting that sinusoids are physiologically larger towards zone 3 of the hepatic lobule 
[12]. When present, both pan-acinar and zonal sinusoidal dilatation can be readily 
seen on low power light microscopy. Radiographically, on magnetic resonance 
imaging or contrast-enhanced computed tomography, a heterogeneous enhancement 
pattern of the liver parenchyma may be seen as a consequence of altered hemody-
namics, locally or throughout the liver [13]. Focal or lobar areas of sinusoidal dilata-
tion may be missed on a random liver biopsy. Likewise, mild foci of sinusoidal 
dilatation may not be detected with imaging. If liver function tests are abnormal in 
the setting of sinusoidal dilatation, they are typically in a cholestatic pattern [14].

 Etiologies of Sinusoidal Dilatation

 Outflow Obstruction

Most often, sinusoidal dilatation is caused by impaired hepatic venous outflow [14, 
15]. Sinusoidal dilatation from outflow obstruction is usually limited to zone 3 
microscopically [15] with alternating areas of red blood cell extravasation and 

Table 11.2 Conditions associated with peliosis hepatis

Drug exposures Infections Malignancies Other

Azathioprine Bartonellosis Colon cancer Immunocompromised 
state

Methotrexate HIV/AIDS Hodgkin’s 
disease

Post-organ transplant

Oral contraceptives/anabolic 
steroids

Syphilis Prostate cancer Pregnancy

Tamoxifen Tuberculosis Seminoma
Vitamin A
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parenchyma extinction giving the liver a gross “nutmeg” appearance. The most 
common causes of outflow obstruction resulting in sinusoidal dilatation are listed in 
Table 11.1 and described in detail below.

 Cardiac Conditions

Disease processes resulting in increased right ventricular pressure, such as ventricu-
lar heart failure, valvular heart disease, restrictive cardiomyopathy and pericardial 
disease can result in congestion of all vessels proximal to the inferior vena cava. As 
a result, passive venous congestion occurs throughout the entire liver. Decreased 
outflow of the central veins and sinusoids results in their dilatation and engorgement 
with blood. The subsequent state is one of congestive hepatopathy and can result in 
hepatomegaly and post-sinusoidal portal hypertension with sequelae including asci-
tes and the development of gastroesophageal varices. Patients may experience right 
upper quadrant pain and show aberrant liver function tests. Longstanding passive 
congestion can lead to hepatic fibrosis, nodular regenerative hyperplasia (NRH) 
and, in severe cases, cardiac cirrhosis; however the clinical course in regards to liver 
manifestations for patients with chronic heart failure is highly heterogeneous [16]. 
Sinusoidal dilatation and congestion may be seen with mild or early cardiac dys-
function. As the cardiac diseases progresses however, hepatic NRH may result in 
sinusoidal compression and collapse [17].

 Budd-Chiari syndrome

Budd-Chiari syndrome is a hepatic outflow disorder occurring in the setting of nar-
rowing or obstruction(usually from thrombosis) of the inferior vena cava or hepatic 
veins. It can occur in an acute, subacute or chronic manner and may be an indication 
for liver transplantation in select patients [18]. Grossly, the liver becomes enlarged 
and patients may experience right upper quadrant pain, ascites and liver failure. 
Microscopically, there is engorgement of the central veins with zone 3 sinusoidal 
dilatation [17]. Further hepatic architectural disruption including NRH and fibrosis 
can follow and physiologic sequelae are similar to those seen in cardiac etiologies 
of venous outflow obstruction.

 Sinusoidal Obstruction Syndrome

Sinusoidal obstruction syndrome (SOS), previously known as venoocclusive dis-
ease (VOD), is a condition manifested by sinusoidal architectural disruption sec-
ondary to sinusoidal or central vein endothelial cell injury. Numerous injurious 
culprits have been identified to trigger SOS including accidental ingestions of prod-
ucts containing pyrrolizidine alkaloids [19], conditioning regimens for hematopoi-
etic stem cell transplantation as well as chemotherapeutic agents utilized outside of 
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the realm of stem cell transplantation such as oxaliplatin [20]. Other rarer etiologies 
include an autosomal recessive condition of veno-occlusive disease with immuno-
deficiency (VODI) described in the pediatric population [21]. Following transplan-
tation, liver allografts, with presumably normal pre-transplant sinusoidal 
architecture, can also sustain sinusoidal endothelial injury resulting in SOS [22, 23]. 
Microscopic analysis has revealed that a component of the pathophysiological 
mechanism of SOS is the detachment of vascular endothelial cells leading to plug-
ging and subsequent dilation of the sinusoids with extravasation of red blood cells 
into the space of Disse [24]. Sequelae of portal hypertension emanating from the 
level of the sinusoids can ensue and in severe cases, liver failure may occur. 
Ursodeoxycholic acid (UDCA), a naturally occurring bile salt, is often employed 
prophylactically to protect against SOS when high-risk chemotherapeutic regimens 
are administered. While the mechanism of its protective effect is incompletely 
understood, it is believed that UDCA replaces hepatotoxic bile salts which may 
promote endothelial injury [25]. Treatment of mild SOS is supportive however for 
moderate-severe cases, Defibrotide, an oligonucleotide agent which protects endo-
thelial cells and modifies the balance of thrombosis and fibrinolysis within hepatic 
venules and sinusoids, may be considered [26]. Additionally, transjugular intrahe-
patic portosystemic shunt has been undertaken successfully to relieve the sequelae 
of portal hypertension in select patients with SOS [27].

 Sickle Cell Anemia

Similar to SOS, sickle cell anemia can lead to sinusoidal dilatation due to the slug-
gish or frank mechanical blockage of sinusoids by misshapen, sickle-shaped eryth-
rocytes. Passive congestion and iron overload from repeated blood transfusions can 
lead to NRH and hepatic fibrosis respectively with concomitant sequelae of portal 
hypertension [15, 28].

 Non-Obstructive Sinusoidal Dilatation

 Isolated (Benign) Sinusoidal Dilatation

Data from large case series on the subject have found that approximately 18–33% of 
patients with sinusoidal dilatation on liver biopsy show no underlying sinusoidal, 
central venous or post-hepatic vessel outflow obstruction [14, 15] (Table 11.1). Pre- 
hepatic vascular disease appear to be a common association in one case series with 
portal vein thrombosis and congenital absence of portal vein noted [15]. Inflammatory 
and infectious disorders including granulomatous hepatitis, Still disease, rheumatoid 
arthritis, pyelonephritis and inflammatory bowel disease have also been associated 
with sinusoidal dilatation, possibly secondary to increased circulating levels of vaso-
dilatory molecules [29]. Oncologic conditions arising outside of the liver including 
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renal cell carcinoma and Hodgkin’s lymphoma (not previously treated with chemo-
therapy or stem cell transplant) were also documented as comorbid conditions in 
patients with sinusoidal dilatation [14, 15]. Sinusoidal dilatation may also be associ-
ated with antiphospholipid syndrome [30], oral contraceptives [31] and azathioprine 
[32] though the mechanisms of these culprits remain unclear. Patients in the post-
operative state from gastric bypass surgery, cholecystectomy and splenectomy have 
also been noted to develop sinusoidal dilatation of unclear significance [14, 15].

 Sinusoidal Dilatation Associated with Idiopathic Non-Cirrhotic 
Portal Hypertension

Non-isolated sinusoidal dilatation often occurs in concert with NRH in the setting 
of idiopathic non-cirrhotic portal hypertension (INCPH). In recognition of the 
pathophysiologic mechanism of INCPH relative to the hepatic microvasculature, it 
has recently been renamed porto-sinusoidal vascular disease [33]. Sinusoidal dilata-
tion can be viewed as a feature of INCPH as 95% of patients with INCPH show 
some sinusoidal dilatation on their biopsies [29]. Evidence suggesting that isolated 
sinusoidal dilatation may herald forthcoming INCPH was reported in a study of 
post-liver transplant patients finding that sinusoidal dilatation was seen in80% of 
allografts which eventually developed NRH [34] in the absence of overt large vessel 
vascular abnormalities. Mild or imperceptible post-transplant vascular alterations or 
sinusoidal endothelial injury from reperfusion may contribute to the development of 
NRH and subsequent INCPH in this population [22]. As such, sinusoidal dilatation 
may be a precursor for NRH [15] in the transplant allograft and its presence on liver 
biopsy should trigger investigation for subtle vascular problems, that if corrected, 
could halt the development of NRH and INCPH [35].

In addition to the post-transplant state, several diseases, infections and toxins are 
associated with both sinusoidal dilatation and INCPH [14, 32, 33] and could sug-
gest a continuum of disease progression. In other words, a liver with predominant, 
non-physiologic sinusoidal dilatation may represent a substrate primed for the 
development of INCPH.  As such, the management of sinusoidal dilatation first 
involves recognition that bland sinusoidal dilatation on liver biopsy may be second-
ary to obstructive microvasculopathy from damaged sinusoidal endothelium. 
Second, the finding of sinusoidal dilatation should prompt an investigation for cul-
prit diseases, infections, drugs and toxins, that if treated or avoided, could avert the 
progression of sinusoidal dilatation to INCPH.

 Peliosis Hepatis

Peliosis hepatis is hepatic sinusoidal disruption manifested by blood filled cavities 
throughout the liver, larger than those seen in cases of sinusoidal dilatation (rang-
ing from 2mm to 3cm in diameter). The pattern of these cavities may be random 
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throughout the liver or may be localized to a single lobe. There are two morpho-
logical types of peliosis: phlebectatic and parenchymal. In phlebectatic peliosis, 
the sinusoidal endothelium remains continuous and intact, and as such, this type 
may be considered a form of massive sinusoidal dilatation. In parenchymal pelio-
sis, the sinusoidal architecture is disrupted and blood enters the parenchymal 
space. Radiographically, peliosis can have a highly variable appearance [36] and 
may often mimic hepatocellular carcinoma or hepatic metastases [37], however 
peliosis hepatis is known to be is ometabolic on PET-CT scan [38]. Nonetheless, 
liver biopsy is frequently undertaken demonstrating benign tissue [39]. Given the 
risk of hemorrhage with percutaneous intervention in the setting of peliosis hepatis 
[40], contrast enhanced ultrasound may prove helpful when there remains a diag-
nostic dilemma [41]. While some cases are idiopathic and deemed congenital, 
there are several known etiologies of acquired peliosis listed in Table  11.2 and 
described below.

 Etiologies of Peliosis

 Infection

Systemic bacterial infections with showering of bacteria into the circulation can 
cause bacillary peliosis, with microabcesses arising in the liver in a miliary pattern. 
Localized inflammatory response, followed by parenchymal cell loss via necrosis 
and apoptosis, leave large empty spaces which communicate with the sinusoids and 
result in blood-filled pools within the liver. The most cited form of miliary peliosis 
is in association with Bartonella sp. bloodstream infection(Bartonellosis) [42, 43], 
however disseminated tuberculosis [44] and syphilis [45] have also been implicated. 
Human immunodeficiency virus and acquired immunodeficiency syndrome predis-
posing to immunocompromised states with concomitant bacillary infections are 
often reported in association with peliosis hepatis [43].

 Malignancy

Numerous case reports have shown an association of peliosis hepatis with extrahe-
patic malignancies. Typically, liver imaging suggestive of metastatic disease leads 
to more extensive workup that subsequently shows peliosis hepatis without cancer 
involvement [46]. Prostate cancer [47], Hodgkin’s lymphoma [48] and seminoma 
[49] have been described in association with hepatic peliosis. The pathophysiology 
of peliosis hepatis in such scenarios may be related to ectopic hormone production 
by the tumor.
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 Drug exposure

Azathioprine is commonly implicated in hepatotoxicity and has been well docu-
mented to associate with peliosis hepatis [50]. Causality has been difficult to deter-
mine as often thiopurine analogs are taken with steroids which have also been 
associated with the development of peliosis hepatis [51]. Anabolic steroids [52, 53], 
endogenously produced steroids from tumors [54], pregnancy [55], oral contracep-
tives [56, 57] and tamoxifen [58] have all been linked to the development of peliosis 
hepatis suggesting that the underlying pathophysiology can be hormonally driven. 
Up to 20% of post-renal transplant patients develop biopsy-proven peliosis hepatis 
[59] however given the frequent use of thiopurine analogs and steroids in this popu-
lation it cannot be concluded that the renal transplant itself is responsible for hepatic 
sinusoidal architectural changes.

 Management of Peliosis Hepatis

The management of peliosis hepatis is typically aimed at its sequelae. Treatment 
must be undertaken to avert catastrophic hepatic rupture in extensive peliosis hepa-
tis arising from steroid hormone excess [52, 60, 61]. Hepatic artery embolization 
[62], partial hepatectomy [63], or orthotopic liver transplant [64] may be considered 
when large portions of the liver are affected by peliosis. No validated predictors of 
progression or rupture have been yet identified. When peliosis is secondary to a 
pharmacologic culprit, avoidance of the insulting agent is advised. Resolution of 
peliosis has been documented upon cessation of implicated medications [65]. 
Likewise, appropriate antibiotic therapy for bacillary peliosis can lead to radio-
graphic resolution of peliotic lesions [36].

 Conclusions

Sinusoidal dilatation and peliosis hepatis are architectural disruptions of the hepatic 
sinusoid with a wide range of etiologies and sequelae. Sinusoidal dilatation in the 
absence of overt hepatic venous outflow abnormalities may represent silent micro-
vasculopathy and should be considered as an early warning for the eventual devel-
opment of INCPH.  Thus, its diagnosis warrants further investigation for culprit 
diseases, infections and toxins. For peliosis hepatis, exposure to steroids and infec-
tions are commons culprit etiologies which can be avoided or treated, respectively. 
When peliosis hepatisis limited and idiopathic, management is typically expectant. 
In extreme cases, peliosislesions may be life threatening, requiring urgent vascular 
or surgical interventions including liver transplant.
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Chapter 12
Hypoxic Hepatitis

Hongqun Liu, Ki Tae Yoon, and Samuel S. Lee

 Introduction

All organs including the liver depend on the heart for adequate perfusion. Thus, 
cardiovascular dysfunction of diverse etiologies can result in hepatopathy due to 
either inadequate perfusion/ischemia (so-called ‘forward failure’) or passive con-
gestion (‘backward failure’), or a combination of these two factors. Both types of 
cardiac-origin hepatopathy comprise the syndrome that the French call ‘foie cardi-
aque’ [1, 2]. Indeed, it has been suggested that this elegant French term be adopted 
by the international community to recognize that much of the pioneering work in 
‘foie cardique’ is found in the Francophone literature [3].

Forward failure hepatopathy also comprises syndromes with names such as 
shock liver or hypoxic hepatitis. Histological patterns in hypoxic hepatitis have 
been recognized for more than a century. Centrilobularor zone 3 necrosis was first 
noted in 1901 based on 1190 autopsies [4]. In 1979, Bynum and colleagues noted 
the same pattern of necrosis in 7 patients with cardiac failure; these patients had no 
evidence of viral or drug injury. These authors further retrospectively reviewed 15 
liver biopsies and noted that all patients with notable (>5 times the upper limit of 
normal, ULN) transaminase elevations had centrilobular necrosis. They termed this 
entity (centrilobular necrosis + hypertransaminasemia) as ‘hypoxic hepatitis’ (HH) 
[5]. The underlying conditions that lead to HH include cardiovascular dysfunction, 
respiratory failure and septic shock. HH occurs in very sick patients; itis not 
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uncommon in patients in intensive care units (ICU) and such patients usually have 
poorer outcomes compared to those without HH. Hypoxic hepatitis heralds a high 
mortality rate.

Congestive hepatopathy arises due to different etiologies such as cardiac valvular 
disease, cardiomyopathy, myocardial infarction and other acute or chronic heart dis-
eases. Patients with congestive hepatopathy have elevated central venous pressure, with 
resultant increased resistance of blood outflow through the hepatic veins [6] (Fig. 12.1).

The definition of congestive hepatopathy is also inconsistent in the literature. 
Hilscher and Lightsey defined congestive hepatopathy as a chronic passive conges-
tion of the liver underlying heart failure [7, 8]. We believe that congestive hepatopa-
thy should be classified into three types, (1) acute: symptoms less than 2 weeks 
duration and no prior cardiac disease; (2) chronic: known, compensated cardiac 
disease; and (3) acute on chronic: prior cardiac disease with acute decompensation 
over the preceding 2 weeks [6].

This chapter concentrates on hypoxic hepatitis of which 50% is due to acute car-
diac failure/dysfunction [9]. However, many cases of hypoxic hepatitis are caused 
by not purely forward or backward failure, but a combination of these two factors.

 Definition

The definition of hypoxic hepatitis, also referred to in the literature as “ischemic 
hepatitis” or “shock liver,” is diverse. The basic concept is an acute hepatic injury 
manifested histologically as centrilobular or zone 3 liver cell necrosis, due to 
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Fig. 12.1 Pathogenic mechanisms of hypoxic hepatitis
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insufficient oxygen delivery/uptake to/by the hepatocytes [9]. The suggested diag-
nostic criteria include 3 conditions: (1) a compatible clinical setting, such as cardiac 
or respiratory failure; (2) abrupt, significant but transient elevations of serum ami-
notransferase levels [7, 9]; and (3) exclusion of other causes of hepatocellular 
necrosis, such as viral hepatitis or drug-induced liver injury [7, 9, 10]. To date, the 
most frequently used diagnostic method is the serum aminotransferase levels [11]. 
However, there is no universally accepted cut-off value of transaminase elevation 
that would be diagnostic for HH. There is wide variability in the literature with 
some advocating a cut-off value>5 times [9] the upper limit of normal (ULN), and 
others>10 times ULN [7]. Some investigators have even advocated using a cut-off 
aminotransferase value of >20 times ULN [12].

Tamiyama and colleagues suggested that transaminase elevations exceeding 2.5 
times the baseline within 24 h of admission could be a diagnostic method for defin-
ing HH [13]. However, this definition may be imprecise because the patient’s base-
line aminotransferases will be crucially affected by the degree of liver injury at time 
of admission, i.e., how far along the disease course the patient presents to hospital.

Most studies used the three criteria above to diagnose hypoxic hepatitis. Liver 
biopsy is not required for the HH diagnosis [2, 9, 11]. However, if the diagnosis is 
in doubt, liver biopsy is useful for definitive diagnosis [14]. It will show the typical 
appearance of zone 3 necrosis and collapse. A typical HH liver is shown in Fig. 12.2.

The term “ischemic hepatitis” has in the past been used interchangeably with 
hypoxic hepatitis. In patients with toxic/septic shock, oxygen delivery is not 
reduced, but rather the increased tissue oxygen requirement unbalances the oxygen 
supply/demand relationship. Thus, another mechanism that causes hypoxic 
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Fig. 12.2 Liver tissue in a case of hypoxic hepatitis. (a) Autopsy specimen showing the classical 
‘nutmeg liver’ pattern of a 75-year old male with acute MI and chronic congestive heart failure. 
(photo courtesy of Dr. Adrian Box, Histopathology Dept, Calgary Laboratory Services). (b) 
Reticulin stain showing zone 3 collapse/necrosis. (courtesy of Drs Ksenia Chezar and Konstantin 
Koro, Histopathology Dept, Calgary Laboratory Services). (c) H&E stain showing zone 3 necrosis 
and apoptosis. (courtesy of Drs K. Chezar and K. Koro)
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hepatitis is that the liver is unable to use oxygen properly. Another term, “shock 
liver” is also improper because only 50% of HH patients experience a shock 
state [15].

In HH due to acute or chronic respiratory failure, liver hypoxia is mainly due to 
severe hypoxemia. Therefore, ‘hypoxic hepatitis’ should replace the terms “shock 
liver” or “ischemic hepatitis” and be the preferred term for this entity [12].

 Epidemiology

The incidence of HH is not completely clear. The large variability in the literature is 
due to numerous factors including divergent diagnostic criteria and nature of the 
studied population. Most studies have examined critically-ill patients admitted to 
intensive care units. Tapper et  al. performed a meta-analysis, that included 1782 
cases and found that the HH rate is 0.2% of total hospital admissions, 2.5% of ICU 
admissions and 40% of those with aminotransferase levels>10 times ULN. The HH 
rate is 78% of those who had an acute cardiac event and 23% for those with sep-
sis [16].

Because the majority of the HH cases are in a ICU setting, it is useful to know 
the frequency of HH in ICU patients. However, the reported incidence of HH in ICU 
patients is variable. One of the reasons for the inconsistency is the definition cut-off 
value of aminotransferases. The study of Aboelsoud et al. reported HH in 1.5% of 
ICU patients, but their transaminase definition cut-off was ≥20 ULN [17]. The inci-
dence in the study of Tapper and coworkers is 2.5%, but their transaminase cut-off 
value was 10 ULN [16], Van Den Broecke used transaminases>5 ULN as the cut-off 
value, and the incidence in their study is 4% [9]. However, the diagnostic rate is not 
always inversely correlated to the cut-off value of transaminases. Fuhrmann and 
coworkers used 20-fold ULN transaminase as part of the diagnostic criteria, and 
reported a HH rate in their ICU cohort was 11% (118/1066) [18] which is the high-
est reported rate in the literature.

 Pathophysiology

Hypoxic hepatitis is due to insufficient liver oxygenation which causes liver hypoxia 
and tissue necrosis. There are 3 mechanisms of HH: (1) right heart failure (back-
ward failure); (2) left heart failure or respiratory failure which results in decreased 
perfusion and/or insufficient oxygen supply to the liver (forward failure) and (3) an 
unbalanced hepatic oxygen supply/demand relationship. About 70–83% of HH 
patients have reduced cardiac function and 13–32% of HH patients have septic 
shock [19].

Hepatic blood flow accounts for about 25% of the cardiac output [20] and the 
liver oxygen consumption accounts for about 20% of whole-body oxygen 
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consumption [21]. The liver, in contrast to other organs, has two afferent blood sup-
plies, from the hepatic artery and portal vein. The dual blood supply maintains ade-
quate liver perfusion in many different situations. Hepatic artery blood flow is 
regulated by variety of factors including nerves and blood-borne factors reaching 
the arterial resistance sites. The portal venous system is dependent on mesenteric 
circulation and the gradient between portal and hepatic venous pressures.

Blood from the hepatic artery contributes to approximately 20–25% of the total 
liver blood flow; the remainder is supplied by the portal vein [22]. The arterial blood 
is rich in oxygen and approximately 50% of oxygen consumed in the liver is from 
arterial blood. The portal vein has no valve and is a low pressure/low resistance ves-
sel. Besides the rich content of nutritive elements, portal venous blood is only par-
tially oxygen-desaturated and thus supplies the other half of the liver’s oxygen 
supply [20].

According to Rapaport’s acinar concept of microvascular anatomy, there are 3 
zones in the liver lobule. Zone 1 has the highest oxygen tension as the hepatic arte-
rioles and portal venules flow into this zone. Blood then flows through the sinusoids 
(zone 2) and into zone 3 (drained by the terminal hepatic vein or central vein). Thus 
zone 3 enjoys the lowest oxygen tension and consequently is the most vulnerable to 
hypoxemia.

The oxygen delivery to most organs depends on the regulation of blood perfu-
sion. However, the total blood flow to the liver is relatively fixed. Despite this, the 
liver is relatively well-protected from ischemic injury through at least three mecha-
nisms [21]. Firstly, it has the dual blood supply from both an arterial and venous 
system, so it has a ‘backup’ vascular system in case of disruption in blood flow. 
Secondly, the sinusoids are highly permeable which increases the oxygen diffusion 
ability to the hepatocytes. It is estimated that up to 90% of the oxygen is extracted 
[23]. Thirdly, hepatic arterioles dilate when portal vein blood flow is decreased, the 
so-called “hepatic arterial buffer response” [24]. The mechanism underlying the 
buffer response is mediated through the vasodilator adenosine [24]. Normally, por-
tal blood flow quickly washes away local endogenous adenosine produced in the 
hepatic arterial resistance site. If portal flow diminishes, this allows accumulation of 
the local adenosine concentration around arteriolar resistance sites, leading to arte-
rial dilation [24].

Because of the complexity of liver circulation, the pathophysiology of hypoxic 
hepatitis is also complicated. Lightsey and Rockey proposed a “two-hit” theory [7]. 
The first hit is decreased blood supply, typically because of right-sided heart failure 
which elevates hepatic vein pressure and reduces the pressure gradient between 
portal and hepatic venous (backward failure). This decreases the blood supply and 
places the liver at risk for hypoxic injury. The second hit is the systemic hypotension 
resulting from acute cardiac, circulatory, or respiratory failure (forward failure). 
Thus, the simplified two-hit hypothesis is a sequential combination of backward, 
then forward failure.

See to and colleagues compared HH patients with nonhepatic trauma patients 
whose systolic pressures were lower than 75 mmHg. They suggested that hypoten-
sion per se does not cause HH. In their study, blood pressure was undetectable for 
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prolonged periods of time in several patients; one patient even had no pulse for more 
than 30 minutes. However, these nonhepatic trauma patients had normal serum ami-
notransferase levels throughout their hospital stay [25]. Another scenario that 
decreases the liver blood supply in patients in ICU is the administration of vasocon-
strictors such as catecholamines. Norepinephrine and epinephrine divert blood flow 
away from the mesenteric circulation and thus decrease microcirculatory blood flow 
in the gastrointestinal tract which results in reduction of portal venous flow [26]. 
Furthermore, catecholamines may deteriorate hepatocellular function via induction 
of inflammation [27].

Besides the decreased oxygen supply to the liver, the increased oxygen con-
sumption of the hepatocytes and inability of the liver to extract oxygen also likely 
play a role. In septic shock-related hypoxic hepatitis, the hyperthermia increases 
oxygen consumption and the liver oxygen uptake is low [28]. The mechanism 
underlying the inability of the liver to extract oxygen in septic patients remains 
unclear. Endotoxins and proinflammatory cytokines may affect the cellular metabo-
lism and microcirculatory function. Oxygen metabolism is also disturbed in mito-
chondria of hepatocytes. Septic shock damages the mitochondria and decreases 
ATP production [29]. The increased oxygen demand at the hepatocyte level com-
bined with the disturbance of ATP production can induce hepatocyte death.

Although HH can afflict persons with no pre-existing liver disease, the presence 
of any chronic hepatopathy, particularly cirrhosis, is likely to exacerbate the clinical 
features and severity of hypoxic hepatitis. This is because the liver microcirculation 
in cirrhosis is already significantly deranged, making the cirrhotic liver more sus-
ceptible to injury from even relatively modest cardiorespiratory perturbations. In 
particular, the Wanless ‘extinction’ hypothesis of cirrhosis contends that much of 
the parenchymal damage is caused by micro thrombi and severe distortion of the 
micro- and eventually, macro-vasculature [30]. Moreover, there are significant per-
turbations of oxygen metabolism in the cirrhotic patient. Moreau and colleagues 
showed that cirrhotic patients seem to have a latent ischemic state, similar to patients 
with septic shock: increasing oxygen delivery to these patients results in increased 
oxygen uptake, as if the tissues are ‘starved’ of oxygen [31]. The response of the 
normal person to increased oxygen delivery would be unchanged oxygen uptake.

Several studies confirm that the cirrhotic liver is more prone to HH than normal 
livers [13, 15, 18]. For example, in the study of Fuhrmann and colleagues, of 1066 
consecutive ICU admissions, HH was found in 118 patients (11%), but cirrhosis 
was present in only 6% of the 948 without HH whereas it was present in 14% of 
those with HH [18].

 Clinical Manifestations

The majority of HH patients are older. Chang et  al. reported a mean age of 
61.9 ± 16.6 years [32]; See to et al. noted a mean age of 51 ± 17 [25]. A meta- 
analysis showed a mean age of 64.2 years (95% confidence interval, 61.4–66.9) 
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[16]. Males are more affected than females. Aboelsoud et al. reported that 58% of 
their cases are male; this percentage is 57% in Chang’s study [32], 67% in Henrion’s 
study [12], 71% in Seeto’s report [25], and 60% in Van Den Broecke’s study. The 
only outlier is the series of Taylor and co-workers who reported a 67% female pre-
ponderance [33].

Since HH is found in critically ill patients, the co-morbidities include heart fail-
ure, chronic respiratory failure and septic shock or other serious states of hemody-
namic instability [17]. Clinical presentations are dominated by the underlying 
conditions. Heart failure manifests as lower cardiac output and hypotension (sys-
tolic blood pressure < 90 mmHg [34, 35]). Patients with right ventricular failure 
may have dyspnea, tender hepatomegaly, ankle edema, and hepatojugular reflux 
[12] and right upper abdominal pain because of the congested and enlarged liver 
[36]. Chest x-ray shows pulmonary edema in left ventricular failure. Respiratory 
failure causes severe hypoxemia. Depending on etiology of respiratory failure, 
patients may present with occupational respiratory diseases such as silicosis and 
coal-miner pneumoconiosis, others may have chronic obstructive pulmonary dis-
ease (COPD) [37] and cor pulmonale [38]. Severe hepatocellular hypoxia may also 
be caused by significant obstructive sleep apnea [39, 40].

Septic shock manifests itself as infection or positive blood culture plus more than 
two of the following symptoms: (1). (temperature > 38 °C) or hypothermia (tempera-
ture  <  36  °C); (2). tachycardia (heart rate  >  90/min), (3). tachypnea (respiratory 
rate > 20/min) or hyperventilation (PaCO2 < 32 mmHg), and (4). White blood cell 
count>12,000 or < 4000/mm3 or > 10% immature forms. Sepsis-induced hypotension 
is refractory to treatment: adequate fluid resuscitation or vasopressor may not increase 
blood pressure [41]. Encephalopathy is not uncommon in HH patients. The encepha-
lopathy may be due to hyperammonemia [42] and/or cerebral malperfusion [36].

The liver injury markers such as AST, ALT, lactate dehydrogenase (LDH), and 
prothrombin time-international normalized ratio (INR) show sudden and significant 
increases following the hypoxicinsult to the liver. Among these markers, AST is the 
most obvious and useful marker for the diagnosis of HH. It is estimated that 57% of 
the patients with extreme elevations of serum AST (>1000  U/L) have HH [16]. 
Moreover, our study showed that patients with acute cardiac dysfunction, the ami-
notransferases were correlated strongly and positively with the right-sided cardiac 
and hepatic venous pressures; patients with centrilobular and periportal damage had 
higher HVPGs [6].

 Diagnosis

The diagnosis of HH is based on three widely accepted criteria: (1) compatible 
clinical setting, such as heart failure, circulatory or respiratory failure; (2) sudden, 
significant, but transient rise in plasma aminotransferase levels [7, 9]; and (3) exclu-
sion of other causes of hepatocellular necrosis, especially viral hepatitis or drug- 
induced hepatopathy [7, 9, 10].
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A characteristic liver enzyme pattern of HH is that AST is higher than ALT at the 
onset of the disease, and after reaching peak value, AST declines faster than 
ALT. Thus, the ratio of AST/ALT is reversed from >1 to <1 within 3 days. This 
quick rise and subsequent fall in aminotransferases and reversal of the AST/ALT 
ratio in a compatible clinical setting should raise a suspicion of HH. Aboelsoud and 
colleagues [17] documented typical patterns of liver chemistry elevations in their 
cohort of 565 ptatients with HH (Fig. 12.3). The definition cutoff value of AST is 
not universally settled (from 5 to 20 times ULN). Van Den Broecke and colleagues 
proposed that AST/ALT, INR and creatinine comprise a triad of biochemical abnor-
malities that may suggest the HH diagnosis [9].

HH is usually a clinical diagnosis in practice. When the diagnosis is not clear, 
liver biopsy may be necessary to demonstrate the characteristic pattern of zone 3 
necrosis [23].

The differential diagnosis of very high serum transaminase includes viral hepa-
titis, toxin- or drug-induced hepatitis, autoimmune hepatitis, or liver trauma. In 
patients with viral hepatitis, the high serum transaminase levels decrease slowly 
because the virus is a sustained pathogenic factor; high serum transaminase levels 
are decreased faster in the patients with HH and toxin- or drug-induced disease if 
the insult factors are eliminated. The patients with toxin or drug-induced liver 
injury have the history of inciting agent usage. Autoimmune hepatitis is usually 
accompanied by characteristic patterns of abnormal autoantibodies such as anti-
smooth muscle and anti-nuclear antibodies as well as pronounced hypergamma-
globulinemia. Moreover, an increase in INR, serum creatinine and LDH support 
HH diagnosis [43].
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 Management

There is no randomized controlled clinical trial of HH management. Therefore, sug-
gested management according to our literature review is based on expert opinion 
and logical presumptions.

HH should be treated with cardiorespiratory support in an intensive-care setting. 
Optimization of oxygenation and mechanical ventilation are the mainstays of such 
ICU care. Since HH is due to different conditions such as cardio-circulatory failure, 
respiratory dysfunction and septic shock, it follows that management must primar-
ily be directed to resolution or treatment of the underlying or precipitating condi-
tion. Heart disease such as acute myocardial infarction should be treated accordingly, 
such as anti-platelet therapy, thrombolysis, heparin and primary angioplasty [36].

The treatment of patients with septic shock starts with appropriate antibiotic 
therapy. Hemodynamic treatment should include the optimization of volume with 
isotonic saline to increase the central venous pressure to 8–12 mmHg. Norepinephrine 
should be used to adjust the mean arterial pressure to 65 mmHg and above. Positive 
inotropic agents should be used if the cardiac output is low. The goal of hemody-
namic resuscitation is to keep the urinary output higher than 0.5 mL/ kg/h [44].

HH often is complicated with abnormal glucose metabolism, hypoglycemia or 
hyperglycemia. Hypoglycemia was defined as blood glucos level<40  mg/
dL. Fuhrmann et al. found that 14% of HH patients developed spontaneous hypo-
glycemia (glucose 31 ± 8 mg/dL). These patients need continuous glucose infusions 
to maintain the blood glucose level in the normal range [41]. Gitlin and Serio found 
that 6 out of 9 patients in their study had abnormal serum glucose levels, 3 of whom 
required insulin therapy [45]. The rational management goal of hyperglycemia con-
trol should aim for glucose<150 mg/dl [36].

Hyperammonemia is another metabolic abnormality in patients with HH [42]. 
However, the exact pathogenic role of hyperammonemia in encephalopathy in HH 
patients remains unclear because encephalopathy may also result from sepsis or 
cerebral malperfusion. That said, many authorities advocate measures to reduce 
hyperammonemia in hypoxic hepatitis. There is some controversy on this point. 
Acharya and coworkers showed in a randomized controlled study that the hypoam-
monemic drug L-ornithine L-aspartate (LOLA) does not benefit HH patients with 
acute liver failure [46]. The application of agents reducing blood ammonia in HH 
patients need further study. Molecular Adsorbents Recirculatory System (MARS) is 
designed to remove protein-bound and water-soluble toxic metabolites from the 
blood stream. Drolz and colleagues reported a case of a patient with severe HH suc-
cessfully treated with MARS [19].

 Prognosis

HH is associated with poor outcome, the overall mortality after the onset is about 
50–60% in one month [19]. Some markers, such as AST, LDH, INR [41], jaun-
dice, and arterial ammonia etc., predict the poor outcomes. The peak AST levels 
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are associated with the severity of illness scores (The Simplified Acute Physiology 
Score, SAPS-II); patient with higher peak AST level has a higher illness scores 
and the scale of AST increase is significantly correlated with 28-day mortality [9]. 
New onset of jaundice during HH is correlated with an increased frequency of 
complications for the patients who survived the acute event of HH. (54% with 
jaundice versus 35% without jaundice; P < 0.05), especially infections, renal and 
GI complications. Compared to patients without jaundice, one-year survival rate 
is significantly lower in those with jaundice (8% vs 25%, P < 0.05) [47]. Drolz 
et al. found that arterial ammonia levels at admission were independently associ-
ated with hepatic encephalopathy (p < 0.01) and peak arterial ammonia concentra-
tion is an independent predictor of 28-day mortality in patients with HH [42]. 
Another study demonstrated that a hyperphosphatemia at admission and more 
advanced encephalopathy (3/4) are independent and significant predictors of poor 
outcomes in weeks of HH onset [33]. Unmeasured anions are indices of metabolic 
acidosis. The strong ion gap (SIG) is a quantitative measure of unmeasured anions. 
SIG values are positively correlated with AST and ALT. The elevated Unmeasured 
anions may indicate tissue damage in HH patients and are associated with mortal-
ity [48]. All the above indices represent the liver damage. Indocyanine green 
plasma disappearance rate (ICG-PDR) represents the functional liver mass. 
Horvatits and coworkers compared the diagnostic accuracies of sequential organ 
failure assessment (SOFA), arterial serum lactate, AST levels, INR and ICG-
PDR.  They found that in patients with HH, ICG-PDR is the best predictor of 
28-day mortality [49].

 Conclusion

Hypoxic hepatitis is not uncommon in intensive care units. It has a high mortality 
rate, approximately 50% within the first month. The diagnosis is based on a triad: 
underlying clinical condition, sudden and sharp, transient rise in plasma transami-
nase levels, and exclusion of other causes of hepatocellular necrosis. Management 
strategies focus on treating the underlying condition and trying to prevent the 
complications.
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Chapter 13
Congestive Cardiac Hepatopathy

Luis Téllez, Enrique Rodríguez-Santiago, María Jesús del Cerro, 
and Agustín Albillos

 Introduction

Congestive cardiac hepatopathy appears in patients with a failing heart and spans a 
broad spectrum of clinical situations that share two pathophysiological scenarios: a 
rise in pressure transmitted to the hepatic veins due to inefficient liver drainage, and 
a reduced oxygen supply due to low cardiac output [1]. While this liver disease can 
occur in all forms of heart failure, it is more frequent in chronic states in which there 
is severe right heart dysfunction. The impact of hepatic dysfunction on the progno-
sis of adults with heart disease varies according to the clinical scenario so it is 
essential to distinguish three different situations: (1) patients with chronic conges-
tive heart failure, (2) patients with congenital malformations and abnormal hemody-
namic changes after surgical palliation, especially patients who have undergone 
Fontan surgery, and (3) patients with acute heart failure and rapid hemodynamic 
derangement where so-called hypoxic hepatits may occur. In acute and chronic con-
gestive heart failure, the liver is usually a mere spectator of the precarious hemody-
namic situation and prognosis is mainly driven by the course of the heart disease. In 
contrast, in adolescents and adults with certain congenital heart malformations, the 
liver complications such as ascites, esophagealvariceal bleeding, and even hepato-
cellular carcinoma can determine the prognosis [2].
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 The Liver in Chronic Congestive Heart Failure

Any cause of right-sided cardiac failure may result in transmission of central venous 
pressure directly from the heart to the hepatic sinusoids. Some causes are relatively 
frequent, such as severe tricuspid stenosis/regurgitation, pulmonary arterial hyper-
tension or cor pulmonale. Other less common causes are constrictive pericarditis or 
end-stage cardiomyopathy [3].

 Epidemiology

The burden of congestive cardiac hepatopathy is unknown as no epidemiological 
studies have been performed so far. This could be due to the lack of a recognized 
definition of the syndrome and the great heterogeneity of its etiologies. However, 
given the high prevalence of valvular and non-valvular cardiovascular disease and 
the survival improvement registered in Europe in patients with cardiac hepatopathy, 
this form of liver disease is probably frequent but underdiagnosed [3].

 Mechanism of Liver Injury

The key point in the pathophysiology of congestive cardiac hepatopathy is a distur-
bance in the liver’s vascular supply and drainage. Elevated systemic venous pres-
sure leads to inefficient liver blood drainage, determining a state of chronic passive 
congestion. This pressure is easily transmitted to the hepatic veins, which lack self- 
regulating flow capacity, and from there to the small hepatic venules. Sinusoidal 
congestion and subsequent dilation of fenestrations promote blood hyperfiltration, 
causing protein-rich edema and bleeding into the Disse space. Perisinusoidal edema, 
more evident in zone 3 of the lobule, hinders the diffusion of oxygen to the hepato-
cytes, promoting hepatocellular necrosis and atrophy [4]. In addition, mechanical 
tension also plays an important role by inducing a phenotypic change in the endo-
thelial cells and enabling the activation of hepatic stellate cells and fibroblasts. 
Similar to other causes of liver fibrosis, TGF-β and other autocrine profibrogenic 
molecules play a central driving role in the fibrogenic process [5, 6]. It is also likely 
that other mechanisms such as intrahepatic microthrombosis contribute to the vas-
cular changes that occur in congestive liver disease [7].

It is unlikely, however, that chronic venous congestion alone in the long run 
leads to advanced liver damage [8], since no correlations have ever been found 
between right atrial pressure and the extent of hepatocellular injury in patients with 
congestive heart failure. Moreover, the increased vulnerability of patients with con-
gestive heart disease to acute episodes of hypoxic hepatitis is a clue that chronically 
reduced liver inflow must be another factor contributing to liver damage in this 
setting (Fig. 13.1) [9].
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 Histological Changes

Visually, the liver is usually enlarged and reddish purple, with prominent hepatic 
veins. Sinusoidal dilation and hemorrhagic necrosis around centrilobular veins are 
the earliest parenchymal changes [10–12]. Biliary thrombi and ductular reaction 
could be present due to canaliculi de formation [13]. If the patient survives and heart 
failure persists, liver damage progresses and the hepatocytes of zone 3 are replaced 
by reticulin and collagen, forming fibrous bands that emerge from the centrilobular 
veins (cardiac sclerosis). Finally, extensive bridges of centrilobular fibrosis associ-
ated with regenerative nodules may appear in patients with advanced liver disease 
[14]. Noticeably, periportal inflammation is usually minimal or absent.

 Clinical Manifestations

Congestive cardiac hepatopathy is often clinically silent, and usually diagnosed 
through routine liver function tests, while the signs and symptoms of heart failure are 
predominant. Patients with chronic hepatic congestion may complain of discomfort 
in the upper right quadrant of the abdomen, due to stretching of the capsule of the 
enlarged liver. Early satiety, nausea and anorexia are reported by some patients [15]. 
More severe abdominal pain has been described in cases of constrictive pericarditis 

Zone 3 necrosis &
fibrosis

Zone 3 sinusoidal dilation
and haemorrhage

Low oxygen supply

Low liver inflow

Low cardiac output

HEART FAILURE

CONGESTIVE HEPATOPATHY

High right atrial pressure

HIgh hepatic venous
pressure

Fig. 13.1 Mechanisms of the hepatic damage in congestive hepatopathy
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and acute cardiac tamponade [16]. In patients with congestive liver disease, the liver 
edge is easily palpable, hard, smooth and tender. When tricuspid regurgitation is 
present, the liver becomes pulsatile and this systolic pulsation can be palpated if the 
abdomen is explored bimanually [17]. Hepatojugular reflux is easily identified after 
applying compression over the liver and has been related to short- term mortality 
since it is a sign of persistent congestion [18]. Mild jaundice is common yet deeper 
jaundice is rare, though may occur at the end of an episode of hypoxic hepatitis [9]. 
Ascites is usually more related to heart failure than liver damage. The ascitic fluid is 
rich in proteins, similar to the one observed in other situations of obstructed hepatic 
venous outflow such as Budd-Chiari syndrome [19]. Differentiating the cause of 
ascites, heart failure or liver disease can be challenging in patients experiencing their 
first episode of ascites, a situation in which serum biomarkers, such as pro-BNP, can 
be of help [20]. Although patients usually develop splenomegaly, the presence of 
esophageal varices and variceal bleeding is exceptional.

 Laboratory Findings

Primary laboratory findings in congestive hepatopathy are elevated serum cholesta-
sis markers, including bilirubin, alkaline phosphatase, and γ-glutamyl-transpeptidase 
(GGT) [21–23]. Hyperbilirubinemia, present in up to 70% of patients, is mostly 
unconjugated and rarely exceeds 3 mg/dL. Although part of the excess bilirubin is 
due to direct liver damage (hepatocellular necrosis in zone 3), it is known that in 
patients with congestive liver disease bilirubin can be elevated due to hemolysis, 
pulmonary infarction, canaliculi obstruction/deformation caused by the perisinusoi-
dal edema or pharmacological toxicity.

The transaminases aspartate aminotransferase (AST) and alanine aminotransfer-
ase (ALT) are normal or discretely elevated (2–3 times above the upper normal 
limit). However, in episodes of acute heart failure and hypotension, transaminases 
and lactate dehydrogenase (LDH) are usually extremely high, secondary to hypoxic 
hepatitis [24]. Hepatic synthesis of proteins and coagulation factors is usually pre-
served. Albumin levels may fall, but generally not below 2.5 g/dL. In fact, hypoal-
buminemia in these patients may be due to the spilling of proteins into the gut 
(protein-losing enteropathy) and/or malnutrition due to wear and anorexia [25].

 Prognosis and Clinical Progression

In patients with heart failure, cardiac disease rather than congestive hepatopathy is 
the main factor determining prognosis. Hence, progression to decompensated cir-
rhosis with portal hypertension-related complications is rare. While esophageal 
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varices can be present, variceal bleeding is infrequent, and variceal screening not 
recommended. Similarly, overt hepatic encephalopathy is unlikely although serum 
ammonia levels are usually elevated [26]. In fact, in cases of encephalopathy, causes 
other than the liver should be first ruled out, such as hypoxia, hypercapnia or elec-
trolyte abnormalities.

 Treatment

The cornerstone of therapy for congestive hepatopathy in adults is treatment of the 
underlying heart disease. Ascites is usually well controlled with high doses of loop 
and/or antialdosterone diuretics. However, in patients with chronic advanced heart 
failure with ascites and renal insufficiency, large-volume paracentesis might be use-
ful to correct fluid loss and improve renal function [27]. Further, in cases of severe 
ascites or when diuretics are contraindicated, repeated high volume paracentesis 
can be an effective alternative since transjugular intrahepatic portosystemic shunt-
ing (TIPS) is not recommended [28, 29]. Although we lack specific studies in this 
particular population, if more than 5 liters of ascites is removed, albumin infusion 
could be advisable to reduce the incidence of hypotension and hyponatremia. While 
for decades hepatic dysfunction has been considered a hypocoagulant state and the 
use of anticoagulants is discouraged, more recent evidence does not support this 
attitude [30]. Hepatotoxic drugs, such as amiodarone, should be used with caution 
and the dosage of antiarrhythmics significantly metabolized in the liver adjusted in 
consequence.

 The Liver in Congenital Cardiac Disease

In Europe, we currently face an estimated prevalence of ∼2.3 million adults with 
congenital cardiac disease [2]. The remarkably improved survival of patients with 
repaired congenital heart defects has meant that increasing numbers of adult 
patients are at risk of congestive hepatopathy. These adult patients have a much 
greater risk of complications related to the liver with a true impact on prognosis 
than patients in whom heart failure arises in adulthood. While the entity most 
clearly associated with liver damage is the single ventricle physiology that occurs 
after the Fontan palliation, other congenital heart diseases listed in Table 13.1 can 
also cause severe liver injury (Fig. 13.2) [31]. Finally, it should be highlighted that 
patients with congenital cardiac disease can feature additional risk factors for 
chronic liver disease unrelated to congestive hepatopathy, such as blood-borne 
hepatitis C virus infection or treatment with hepatotoxic antiarrhythmic agents 
(e.g., amiodarone) [32, 33].
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 Fontan-Associated Liver Disease (FALD)

Fontan surgery is the final stage of surgical treatment for diverse cyanotic congeni-
tal cardiac malformations associated with a functionally univentricular heart. The 
common characteristic of these cardiac defects is the mixing of desaturated blood 
from the caval veins and oxigenated blood from the pulmonary veins in a single 
ventricular pump [34]. Fontan circulation is a palliative strategy that aims to restore 
a double circulation system to avoid cyanosis, but at the expense of chronic increase 
in central venous pressure and low cardiac output (Fig. 13.3).

As shown in Fig. 13.4, atriopulmonary and bi-cavopulmonary are the two major 
variants of the diversion technique. The atriopulmonary anastomosis is the original 
Fontan procedure, which converts the right atrium into a pumping channel that con-
ducts the blood from the inferior and superior cava veins to the pulmonary artery 
[35]. In the more recent bi-cavopulmonary anastomosis procedure, the inferior vena 

Table 13.1 Main congenital cardiac diseases leading to liver damage

“Right-sided” failure
Single-ventricle physiology after Fontan surgery
Dextro-transposition of the great arteries after atrial switch repair (Mustard, Senning procedure)
Eisenmenger syndrome
Repaired tetralogy of Fallot with pulmonary regurgitation
Ebstein’s anomaly
Pulmonary stenosis/pulmonary regurgitation
Secundum atrial septal defect with pulmonary stenosis or pulmonary hypertension
Partial atrioventricular septal defect with tricuspid regurgitation and/or pulmonary hypertension
“Left-sided” failure
Left ventricular outflow tract obstruction/coarctation of the aorta
Repaired complete atrioventricular septal defect with residual regurgiation or left ventricular 
outflow obstruction

IVC IVC

Thickened wall

Pulmonary artery

IVC

SVC SVC

SVC

d-Transpostion of the great
arteries after atrial switch repair

(Mustard, Senning)

Eissenmenger
syndrome

Fontan surgery and
univentricular heart

Fig. 13.2 Main congenital cardiac situations related to liver injury
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cava is connected by an artificial intra or extracardiac conduit to the pulmonary 
arteries.

 Fontan Circulation

The normal cardiovascular system is based on two circuits, pulmonary and sys-
temic, which are driven by two synchronized heart pumps, the right and left ven-
tricles (Fig. 13.5). In univentricular heart congenital malformations, there is mixing 
of desaturated and oxygenated blood in a common ventricle. After Fontan surgery, 
the single or remaining ventricle is used as a systemic pump and both caval veins are 
directly connected to the pulmonary arteries. The immediate consequence is the 
development of a gradient of pressure between the caval veins and left atrium, as the 
main mechanism that passively drives deoxygenated blood from the systemic veins 
to the pulmonary vasculature, and finally to the left atrium. However, this new cir-
culatory system is not perfect and pulmonary artery input impedance hinders venous 
return through the pulmonary bed and leads to chronic venous congestion and sys-
temic low cardiac output (Fig. 13.1). Reduced pulmonary wall strain and adverse 
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Fig. 13.3 Surgical treatment for univentricular cardiac malformations. (1) First stage (neonatal 
palliation): This surgery is performed to guarantee an adequate pulmonary and systemic perfusion 
provisionally. In some cases, as in patients with double left ventricular inlet, the high pulmonary 
inflow requires banding of the pulmonary artery. In others, blood hardly reaches the lungs, and the 
circuit needs surgical fistulas between the aorta and the pulmonary arteries (Blalock-Taussig fis-
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nary flow from the systemic venous return, connecting the superior vena cava to the pulmonary 
artery. (3) Third stage (Fontan surgery): At this surgical stage, the inferior vena cava is also anas-
tomosed to the pulmonary artery, so all systemic venous return reaches passively the pulmonary 
circulation, due to the pressure gradient between caval veins and the right atrium without the par-
ticipation of a subpulmonary pumping ventricle. In this way, pulmonary and systemic circulation 
are separated, which eliminates mixing of venous and arterial blood and cyanosis. SVC Superior 
vena cava, IVC Inferior vena cava, PA Pulmonary artery, PV Pulmonary vein
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vessel remodeling in the non-pulsatile Fontan circulation lead to increased intimal 
fibrosis, disrupted endothelial integrity and loss of vascular smoth muscle cells. All 
changes together lead to progressively increased pulmonary vascular resistance, 
formation of systemic venous collaterals, and development of cyanosis. Hence, the 
volume load into the single ventricle becomes markedly reduced resulting in 
decreased cardiac output. “Fontan failure” is the term used for this hemodynamic 
breakdown in the long-term, which is clinically characterized by multi-system 
organ dysfunction (Table 13.3). When Fontan failure occurs, only cardiac trans-
plantation can completely reverse this situation. Fenestration of the Fontan conduit 
allows some of the deoxygenated caval blood to be derived directly from the sys-
temic venous return to the left atrium, which results in cardiac output improvement 
at the expense of worsening cyanosis [36].

Finally, in some patients, Fontan failure can develop abruptly in the context of an 
acute cardiopulmonary event, such as atrial arrhythmia, pulmonary thromboembo-
lism or thrombosis/stenosis of the Fontan conduit, that unbalances a previously bal-
anced system. The treatment of these local complications or reversal of cardiac 
arrhythmia can also improve the hemodynamic situation [37, 38].
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Fig. 13.4 Major variants of Fontan surgery. Atriopulmonary Fontan (left): superior and inferior 
cava drain to the right atrium, that is connected to the pulmonary artery. Intraatrial lateral conduit 
(middle): superior vena cava drains directly to the right pulmonary artery, and the inferiorvena 
cava is connected through an intraatrial tunnel to the right pulmonary artery. Extracardiac conduit 
(right): superior vena cava connected directly to the right pulmonary artery, and the inferiorvena 
cava connected to the right pulmonary arterya through an extracardiac conduit. In both modalities, 
a fenestration can be left open between the tunnel/conduit and the left atrium to decrease the cen-
tral venous pressure and maintain higher cardiac output at the expense of mild cyanosis (Fenestrated 
Fontan). SVC Superior vena cava, IVC Inferior vena cava, PA Pulmonary artery, PV Pulmonary 
vein, RA Right atrium, FC Fontan Conduit
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 Pathophysiology of FALD

Liver damage is one of the most significant complications of Fontan failure, and is 
more frequent than in other forms of heart failure. FALD shares some of the mecha-
nisms described in Fig. 13.1 for cardiac congestive hepatopathy, but its pathogene-
sis is much more complex and it has a multifactorial origin. In contrast to most of 
the right-sided cardiac hepatopathies in which venous congestion and low cardiac 
output are the consequence of ventricular or valve dysfunction, these are not the 
main factors of FALD. Here, the key element is the Fontan circuit pathophysiology 
itself, that causes both liver congestion and is chemia related to low cardiac output. 
We could state that what keeps the patient alive puts the liver at risk: “the cure of 
the heart is the hurt of the liver” (Fig. 13.6):

 1. Liver congestion. Fontan surgery worsens the systemic venous congestion 
already present in patients with univentricular congenital heart disease. In paral-
lel with the failure of the Fontan circuit in the long-term, systemic congestion 
further increases, liver drainage is compromised, and portal pressure rises. 
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Fig. 13.5 Fontan circulation and “Fontan Failure”. “Pre-Fontan circulation” is characterized by an 
imbalance between oxygenated and non-oxygenated blood that mixes in the single ventricle, 
which results in severe hypoxemia that cannot be maintained in the long term. In patients with an 
“operative Fontan circulation” systemic venous pressure progressively increases, but the pulmo-
nary microcirculation is able to maintain an adequate trans pulmonary gradient that guarantees 
preload and keeps cardiac output normal. Finally, in patients with “Fontan failure”, systemic 
venous hypertension is maximum and the highly increased pulmonary vascular resistance hinders 
that blood reaches the heart and cardiac output drops. SVC superior vena cava, IVC inferior vena 
cava, CO Cardiac output, PA Pulmonary artery, PV Pulmonary veins
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Fig. 13.6 Pathophysiology of Fontan-associated liver disease. Systemic venous hypertension sec-
ondary to Fontan surgery results in a decreased hepatic venous drainage, with sinusoidal dilatation 
and hypertension of the sinusoids and leakage of fluid to the Disse space. Mechanical stress 
induces a phenotypic change in sinusoidal endothelial cells with production of mediators, such as 
TGF-β, that activate autocrine stellate cells and promote fibrosis. Hypoxia, perisinusoidal edema 
and fibrosis will eventually lead to hepatocyte parenchymal necrosis, more evident in zone 3

Moreover, the maintained sinusoidal hypertension promotes the mechanical acti-
vation of hepatic stellate cells, resulting in tissue fibrosis [7]. The technique- 
dependent flow characteristics of the Fontan connection in each patient, which 
determines different grades of impedance for blood to egress from the liver, 
partly explains individual differences in liver damage.

 2. Hypoxia and hepatic ischemia. From birth, a large number of hemodynamic 
insults appear cumulatively. During the neonatal period, patients invariably pres-
ent hemodynamic instability that can result in altered hepatic perfusion. In the 
first years of life, before completing the Fontan surgery, systemic hypoxemia and 
cyanosis are constantly present. Further acute hypoxic liver injury is possible 
simultaneously with cardiac surgeries. Finally, over time, up to 25% of Fontan 
surgery patients can develop severe systolic and diastolic dysfunction with 
reduced cardiac output and an inability to increase this output in response to 
metabolic demands [36]. This precarious hemodynamic situation is usually 
long-time maintained, so the liver is subjected to a permanent hypoxic state.

 3. Prothrombotic state. Thromboembolic events are a constant feature in Fontan 
patients. Recent reports suggest that the prothrombotic state is not only related 
to the anatomical and functional characteristics of Fontan circulation [39]. 
Indeed, Fontan patients show a hypercoagulability state featuring low levels of 
antithrombin III, thrombomodulin, alpha2-antiplasmin and C and S proteins, 
and high levels of thrombin-antithrombin complex, similar to that observed in 
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cirrhosis [40, 41]. Although the exact cause of these alterations of the coagula-
tion system are unknown, it has been proposed liver damage, sustainded hypox-
emia and endothelial damage as possible mechanisms. In Fontan patients, 
hypercoagulability has two major consequences that can directly lead to liver 
damage. First, “circuit thrombosis” (e.g. inferior vena cava, Fontan conduit, pul-
monary arteries or right/left atrium) may develop in one third of Fontan patients, 
leading to further impairment of systemic and liver venous drainage. Second, 
intrahepatic micro thrombosis, a well-known mechanism of vascular liver injury, 
becomes more relevant than in other forms of cardiac hepatopathy and can accel-
erate liver damage. Indeed, mechanical strain secondary to blood stasis and 
thrombosis of the sinusoids were the main promoters of liver fibrosis in a mouse 
model of congestive hepatopathy through partial ligation of the inferior vena 
cava [7]. In this model, a course of warfarin improved liver fibrosis opening the 
gate for new therapeutic strategies for FALD.

 Natural History of FALD

Liver damage is universal after Fontan surgery and, in most patients, develops 
slowly and silently without overt clinical features. Liver function is usually pre-
served for many years and the first manifestation of FALD frequently coincides 
with dysfunction of another organ, such as protein-losing enteropathy suggestive of 
Fontan failure (Table 13.2), or a decline in functional class [42]. Liver disease in the 
Fontan circulation involves three main stages: sinusoidal dilatation without fibrosis, 
mild-moderate fibrosis without portal hypertension and advanced fibrosis with por-
tal hypertension [34]. The first stage starts even before Fontan surgery and contin-
ues into the following few years [43]. Clinical findings are similar to those previously 
described in congestive hepatopathy secondary to right heart failure, including pain-
ful hepatomegaly in half of the cases, mild indirect hyperbilirubinemia and increased 
GGT due to perisinusoidal edema [44]. The second stage occurs around 5–10 years 
after Fontan surgery and is characterized by perisinusoidal fibrosis, regenerative 
nodules and hepatocellular necrosis, which can beaggravated if cardiac output fur-
ther decreases. This stage is potentially reversible if the patient undergoes heart 
transplantation [45]. Finally, the third stage is clinically indistinguishable from 
other forms of end-stage liver disease. In consequence, patients might show mani-
festations of liver insufficiency, such as hypoalbuminemia, prolonged coagulation 
time and low platelet count, and others of portal hypertension, such as ascites, vari-
ceal haemorrhage or encephalopathy. At this stage, there is an increased, though not 
well quantified, risk of hepatocellular carcinoma.

It is important to highlight that, as stated before, FALD is not a primary liver 
disease and its progression depends on the proper functioning and hemodynamic 
progression of the Fontan circulation. A large number of variables, listed in Table 
13.3 have been associated with an increased risk of liver damage. Among them, 
time since Fontan surgery is the main risk factor for FALD, probably reflecting the 
failure of the Fontan circulation that develops in most patients over time. Hence, 
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whereas the risk of FALD is low within the first five years after surgery, it increases 
by nine-fold after 15 years [46].

 Serological Biomarkers of FALD

Classic serum markers such as AST, ALT and bilirubin correlate poorly with liver 
fibrosis in Fontan patients. In small case series, a platelet count <150,000/μL, which 
is associated with portal hypertension, may correlate with fibrosis stage on biopsy. 
Controversial results have suggested a relationship between GGT and alkaline 
phosphatase, markers of canalicular congestion, with liver fibrosis [43]. Low serum 
albumin could indicate liver damage, but it can also result from protein-losing enter-
opathy, which is another frequent complication in Fontan patients that usually coex-
ists with severe liver fibrosis [42].

Table 13.2 Multi-system organ dysfunction in “Fontan failure”

Organ/
system Complication Mechanism Clinical Findings

Lungs Veno-venous/atrial 
shunts

Caval veins-left atrium gradient
-passive circulation

Cyanosis, dyspnea, 
hypoxia, exercise 
intolerancePlastic bronchitis ↓ Lymphatic return

Chylothorax ↓ Lymphatic return
Thromboembolism Hypercoagulability
Pulmonary 
hypertensive vascular 
disease

Endothelial dysfunction
(non-pulsatile flow)
Pulmonary artery hypoplasia
Chronic thromboembolism

Kidneys Proteinuria Hyperfiltration due to systemic 
venous hypertension

Edema, ascites

Kidney injury (acute/
chronic)

Ischemia due to ↓ cardiac output Dyspnea, oliguria

Bowel Protein-losing 
enteropathy

↓ Lymphatic return
Splanchnic venous congestion
Systemic and local inflammation
Hormonal activation

Malnutrition, edema, 
ascites, diarrhea

Liver Chronic liver disease Liver congestion
Ischemia due to ↓↓ cardiac 
output

Ascites, varices, 
encephalopathy, 
hepatocarcinoma

Brain Cerebrovascular 
disease

Cardioembolism
Ischemia due to ↓↓ cardiac 
output
Congenital brain abnormalities

Decreased executive 
skills

Heart Bradi- and 
tachy-arrhythmia

Atrial and ventricular 
remodeling

Hemodynamic 
instability

Ventricular 
dysfunction

Activation of neurohormonal 
systems

Dyspnea, exercise 
intolerance

Vascular 
system

Varicosities Venous hypertension
↓ lymphatic return

Edema, varicose veins
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The different clinical, analytical and radiological methods developed in recent 
years to diagnose and stratify liver fibrosis have not yet been specifically vali-
dated against liver biopsy in Fontan patients. Non-invasive signs of liver damage 
(nodular liver surface, edema, splenomegaly, ascites and collateral veins) and 
serological markers such as FibroSURE, hyaluronic acid levels, APRI, AST/
ALT, Forns and FIB4, were tested in a cohort of 204 Fontan patients. The ability 
of all these markers to predict liver damage was at most moderate and for none 
of them did the area under the curve exceed 0.8 [46, 47]. This is not surprising, 
since some of these scores reflect liver necroinflammatory activity rather than 
fibrosis and/or have been validated in liver diseases of etiologies other than 
Fontan. Thus, we actually lack validated cut-off values of serological markers of 
FALD that can be recommended in clinical practice to facilitate clinical decision 
making, such as screening for esophageal varices, or the optimal timing for heart 
transplantation.

The model for end-stage liver disease excluding the international normalized 
ratio (MELD-XI) has been designed to overcome the main limitation of MELD in 
this population, namely an increased INR due to anticoagulation. The results of the 
only retrospective study including 79 Fontan patients seem to indicate good correla-
tion of MELD-XI with liver elastography [45]. Moreover, in another cohort of 96 
Fontan patients, a MELD-XI ≥19 was related to all-cause mortality and was also 
found valuable as a predictor of early and late mortality after cardiac transplantation 
[48, 49]. However, it should be noted that while MELD-XI seems to be useful as a 
predictor of cardiac morbimortality in this setting, its accuracy to predict hepatic 
outcomes is unknown.

Table 13.3 Risk factors for liver damage in Fontan circulation

Related to the hemodynamic situation
↓ Cardiac output
↑ Pulmonary capillary pressure
↑ Central venous pressure
↓ Mixed venous oxygen saturation
Related to the surgery
Pulmonary atresia as surgery precipitant
Surgical technique (atriopulmonary variant)
Absence of conduit fenestration
Fontan conduit stenosis/thrombosis
Time since Fontan surgery
Related to cardiopulmonary events
Cardiac arrhythmia
Sinus node dysfunction
Systolic ventricular dysfunction
Intracardiac thrombosis
Pulmonary thromboembolism
Others
Viral hepatitis
Exposure to hepatotoxic drugs (e.g. amiodarone)
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 Radiological Findings in FALD

Among Fontan patients undergoing liver imaging (ultrasound, MRI or CT scan), the 
most frequent radiological findings are the heterogeneity of liver parenchyma, sur-
face irregularity, segmental atrophy/hypertrophy, and small-sized nodules [50]. 
Although these findings are highly suggestive of advanced liver disease in other eti-
ologies, there is minimal evidence correlating their presence to the fibrosis stage by 
biopsy or clinical hepatic decompensation in the Fontan population. In fact, heteroge-
neous hepatic enhancement, which seems to be due to passive hepatic congestion, is 
present in 67–90% of Fontan patients [51]. It has been proposed that reduced portal 
vein velocity, inverted portal flow and a monophasic pattern in the hepatic veins by 
Doppler ultrasound may reflect advanced liver damage [52]. In recent promising 
MRI studies, though not validated by liver biopsy, reduced hepatic micro perfusion 
was suggested to be related to liver fibrosis [53–55]. Today, we need to be cautious 
about relying only on imaging methods to diagnose severe fibrosis in Fontan patients.

 Liver Stiffness in FALD

The accuracy of elastography (transient elastography, shear wave, acoustic radiation 
force impulse and MR elastography) is not well established in Fontan patients, 
where congestion itself can increase stiffness [47]. In fact, Fontan surgery immedi-
ately increases liver stiffness to a mean value of 11.2 kPa, blunting the usefulness of 
elastography and outlining the need to set higher cut-offs for advanced liver disease 
in this population [56]. However, the longer the time elapsed from Fontan surgery, 
the greaterthe decrease in liver function estimated by MELD-XI and greater the 
liver stiffness, suggesting that in addition to congestion, fibrosis progressively con-
tributes to liver stiffness [57, 58]. While we await further studies to establish the 
optimal cut-off for advanced FALD, today the main contribution of transient elas-
tography is to rule out severe liver damage, as defined by a liver stiffness <15 kPa 
[59]. Other novel methods, such as shear-wave and MRI-elastography, have recently 
shown good correlation between liver stiffness and histology in small case-
series [60].

 Hepatic Hemodynamics in FALD

As in other situations of post-sinusoidal portal hypertension due to obstructed 
hepatic venous outflow, free and wedged hepatic vein pressures are elevated and, in 
consequence, the hepatic venous pressure gradient (HVPG) is normal in most 
Fontan patients, even in those with ascites or esophageal varices [61, 62]. In patients 
with advanced fibrosis, portal hypertension must be due to an added sinusoidal 
component, since the frequent development of decompressive porto-systemic 
shunts. In fact, the numerous presence of fistulas between the hepatic and portal 
veins could be another source of underestimation of sinusoidal pressure [63, 64]. 
Figure 13.7 presents the distinctive features of portal hypertension in FALD.
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 Liver Biopsy in Fontan Patients

Liver biopsy remains the gold standard to establish the severity of FALD and to rule 
out other etiologies. Table 13.4 describes the wide spectrum of histological abnor-
malities in the liver of Fontan patients. Sinusoidal dilation is the earliest parenchy-
mal change, and it is usually more severe than in other congestive hepatopathies. In 
early stages of FALD fibrosis follows a predominantly perisinusoidal pattern instead 
of the centrilobular one observed in other forms of congestive hepatopathy. Periportal 
inflammation is usually minimal or absent, allowing a differential diagnosis with 
other liver disease etiologies [65]. A liver biopsy to diagnose and stage fibrosis has 
been recommended in all patients 10 years after Fontan surgery, to individualize 
follow-up and establish the need and timing of referral to an hepatologist [66]. The 
poor correlation between fibrosis stage and clinically relevant hepatic events in this 
setting and the absence of specific treatment available for these patients question the 
utility of protocolized liver biopsies in clinical practice [67]. Otherwise, liver biopsy 
is highly-advisable when the etiology of liver disease is uncertain and in candidates 
for heart and/or liver transplantation, and recommended in clinical research.
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Fig. 13.7 Systemic and splanchnic hemodynamics of portal hypertension in cirrhosis and in 
Fontan associated liver disease. (a) Cirrhosis. Portal hypertension due to cirrhosis is characterized 
by a hyperdynamic circulatory state with low systemic vascular resistance, high cardiac output, 
and increased splanchnic inflow. (b) Fontan associated liver disease. Portal hypertension due to 
severe fibrosis in advanced Fontan-associated liver disease is associated to high systemic venous 
pressures, and low cardiac output and splanchnic inflow. HVPG Hepatic vein pressure gradient
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 Hepatic Nodules in FALD

Arterialized hepatic nodules are present in 17–48% of Fontan patients [68, 69]. The 
pattern of hepatic nodules in this setting is similar to that observed in Budd-Chiari 
and other vascular liver diseases, being typically multiple, hyper vascular, smaller 
than 3 cm, and located in the outer margins of the liver [51, 70–72]. The vascular 
origin of the nodules is suggested by their peripheral location, radiological behav-
iour and the observed correlation between their number and the degree of systemic 
venous hypertension. Indeed, nodules correspond to areas of focal regenerative 
hyperplasia, since they seem to represent an adverse adaptation of the parenchyma 
to the arterialization of the hepatic blood supply in response to hypoperfusion, sec-
ondary to portal venous flow deprivation. As such, these nodules are composed of 
normal hepatocytes, ductular reaction and large dystrophic arteries, without a cen-
tral scar [73]. The prevalence of focal regenerative hyperplasia-like nodules 
increases with the severity of FALD and time elapsed since surgery [69], as do other 
less common nodules observed in these patients, such as large regenerative or neo-
plastic nodules, which makes the differential diagnosis more difficult (Table 13.5). 
Hepatocellular adenoma and its malignant transformation have rarely been reported 
in Fontan patients [74].

Table 13.4 Histological features of Fontan-associated liver disease

Sinusoidal dilatation
Centrolobular hemorrhagic necrosis
Perisinusoidal fibrosis
Ductular reaction
Periportal and centrolobular fibrosis
Perivenular fibrous septa
Central fibrous bridges
Regenerative nodules
Absence/minimal portal inflammation, iron deposition, and steatosis

Table 13.5 Differential diagnosis of hepatic nodules in Fontan patient

Type of nodule
Dynamic imaging pattern (CT/
MRI) Histology

Nodular focal
Regenerative
Hyperplasia- like

Multiple, small (<3 cm), 
hypervascular, with (less common) 
or without wash-out

Normal hepatocytes, mild ductular 
reaction, large dystrophic arteries, 
absence of central scar

Large
Regenerative 
nodules

Hypervascular nodules without 
washout

Normal hepatocytes,
No ductular reaction

Hepatocellular
Adenoma

Hypervascular nodule
With (more common) or without 
washout

Proliferation of sheets of well- 
differentiated hepatocytes, absence of 
portal triads or bile ducts

Hepatocellular 
carcinoma

Hypervascular nodule
With (more common) or without 
washout

Cytologic atypia, pseudoacinar 
changes
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 Hepatocellular Carcinoma

The prevalence of hepatocellular carcinoma in Fontan patients based on case reports 
and short case series seems close to 5% [75–87]. The time elapsed since surgery is the 
strongest risk factor for the development of hepatocellular carcinoma [87]. Age at the 
time of hepatocelluar carcinoma diagnosis ranged from 12 to 52 years, and it can be 
developed in the absence of cirrhosis [88]. The diagnosis of neoplasia in patients with 
Fontan is challenging considering the high prevalence of different types of nodules in 
Fontan patients. Malignant nodules typically show hyper vascularity and delayed 
washout in dynamic imaging, and most (~70%) show elevated levels of serum alpha-
fetoprotein [84]. The imaging features described are not pathognomonic of hepato-
cellular carcinoma, and hypervascularity and even washout can be present in 
non-malignant nodules, while washout may be absent in malignant ones [69, 86]. It 
should be considered that current diagnostic criteria for hepatocellular carcinoma in 
cirrhosis have not been specifically validated in other settings, and the characteristics 
described above are based on published cases mostly with advanced stage hepatocar-
cinoma. Collectively, these data mean that the diagnosis of hepatocellular carcinoma 
in Fontan patients requires histologic confirmation and cannot be based only on 
imaging [34]. Fine-needle aspiration/biopsy is advisable in hypervascular nodules 
showing delayed washout larger than 3 cm  and/or associated with even minimal ele-
vations in serum alpha-fetoprotein. In this scenario, the optimal imaging technique 
and surveillance interval are currently unknown. Based on the limited experience 
available and on our expert opinion, hepatocellular carcinoma screening should be 
started in all patients from 10  years after surgery [88]. Since periodic abdominal 
ultrasound has not yet been validated in this population, a proposed practical approach 
is a baseline CT/MRI and there after Doppler US every 6-months by an experienced 
operator. Hepatic MRI is also recommended when cardiac MRI is performed [34].

 Portal Hypertension-Related Complications after Fontan Surgery

Ascites is the most frequent form of hepatic decompensation with a prevalence 
ranging from 2 to 17% [68]. Noteworthy, ascites in Fontan patients can occur in the 
absence of advanced liver fibrosis and may be due to any of the causes listed in 
Table 13.6. The estimated prevalence of esophageal varices ranges from 19 to 43% 
[89]. Variceal bleeding has been reported, which highlights the need for screening 
when signs of advanced liver disease or portal hypertension are present [90]. To 
date, only three cases of hepatic encephalopathy have been described [91, 92].

Table 13.6 Causes of ascites in Fontan patients

“Fontan failure”
Stenosis/thrombosis of the Fontan conduit
Sinusoidal portal hypertension (advanced liver fibrosis)
Portal vein thrombosis
Hypoalbuminemia secondary to protein-losing enteropathy

13 Congestive Cardiac Hepatopathy



206

 Follow-up and Treatment of FALD

Although there is a lack of robust evidence to establish firm recommendations for 
liver follow-up after surgery, detailedassessment of liver state is advisable in all 
Fontan patients [93]. In every patient, a complete etiological study is warranted to 
rule out primary liver disease as well as chronic viral hepatitis. Adequate seropro-
tection against hepatitis A and B virus must be guaranteed. Within the first 10 years 
of Fontan surgery, severe liver damage is exceptional in the absence of other com-
plications suggesting Fontan failure. Hence, the determination of serum liver func-
tion parameters, a liver ultrasound and an elastography every 5  years may be 
sufficient to confirm the absence of liver damage. After 10 years, follow-up must be 
closer to achieve early diagnosis of focal liver lesions and/or signs of portal hyper-
tension, as shown in Table 13.7 [34].

Most liver complications usually respond to the treatments ordinarily used in 
patients with cirrhosis of any other etiology, with some special considerations. 
Ascites is easily mobilized with diuretics and optimization of hemodynamics 
[93]. Considering the low risk of variceal bleeding and the particular characteris-
tics of this hemodynamic model of portal hypertension, primary prophylaxis is 
controversial. The use of non-selective adrenergic beta-blockers is not clear, since 
portal hypertension usually coexists with low cardiac index and portal venous 
inflow in Fontan patients. TIPS placement could be an option for refractory vari-
ceal bleeding in highly selected patients in whom the cardiac function is normal 
or only minimally impaired [90]. Finally, as in other cardiac hepatopathies, liver 
disease may improve and even normalize if cardiac function is restored by heart 
transplantation [94]. Considering the severity of heart and liver disease run in 
parallel and that some degree of liver damage is practically universal in Fontan 
patients, it becomes critical to identify patients who require an isolated heart 
transplant or a double heart and liver transplant. Based on small series, a double 
transplant is recommended in all patients with advanced liver fibrosis, with or 
without previous hepatic decompensation [95–97]. However, the choice of iso-
lated heart or double transplantation should be tailored to each patient by a multi-
disciplinary team.

 Liver Damage in Other Congenital Heart Diseases

Atrial and Ventricular Defects Atrial septal defects can lead to right atrium and 
right ventricular enlargement, complicated with tricuspid regurgitation when the 
tricuspid annulus becomes dilatated. When pulmonary hypertension occurs, the 
shunted flow usually reverses and cyanosis appears (Eisenmenger’s syndrome). 
Hepatic congestion is frequent in unrepaired atrial and ventricular defects, but cir-
rhosis rarely develops [31].
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Ebstein’s Malformation This is a congenital defect in which the septal and poste-
rior leaflets of the tricuspid valve are displaced towards the apex of the right ven-
tricle. Some degree right ventricle dysfunction is the rule, even after tricuspid valve 
repair. This anomaly is usually detected in childhood or adolescence, but liver dis-
ease secondary to systemic venous congestion could be the debut in undiagnosed 
cases [98].

Table 13.7 Follow-up recommendations for liver disease after Fontan surgery

Diagnosis of FALD
<10 years after 
Fontan surgery

HAV (IgG), HBV and HCV antibodiesa and screening 
for autoimmune and metabolic liver disease.

Baseline

Liver function parameters Annual
Doppler ultrasound Every 5 years
Elastography Every 5 years

≥10 years after 
Fontan surgery or 
“Fontan failure”

Liver function parameters
Alpha-fetoprotein
Doppler ultrasound
Elastography
Dynamic MRI/CT

Every 6 months
Every 6 months
Every 6 months
Baseline and 
annual
Baseline

Liver biopsy Uncertain diagnosis and candidates for liver and/or heart transplantation
Screening for and diagnosis of hepatocellular carcinoma
Doppler 
ultrasound

Every 6 months from 10 years after surgeryb

Dynamic MRI/CT • ≥10 years after surgery (baseline)
• If “benign” nodules are present in the basal test (hypercapting in the 
arterial phase, without venous or late phase clearance, multiple, peripheral 
and with normal AFP) repeat at 3 months. If there is no suspicion of 
hepatocarcinoma, continue with semiannual ultrasound screening.
• If one or more nodules develop during follow-up.
• Hepatic MRI is recommended when cardiac MRI is performed.

Biopsy/FNAB Any nodule suggestive of hepatocellular carcinoma (venous phase 
clearance, growth or elevated AFP) requires histologic confirmation.

Esophagogastric varices screening
Analytical, 
clinical, 
radiological or 
elastographic data 
of FALD

Basal upper digestive endoscopy
If no varices veins or these are small, watch every 1–3 years.

aPerform HAV, HCV and HBV ELISA (HBsAg, HBcAb and HBsAb) in all patients subjected to 
Fontan surgery. If not immunized, vaccination against HAV and HBV should be indicated and its 
efficacy tested with new serologies. 10 years after effective vaccination against HBV, levels of 
HBsAg should be determined and a new dose should be indicated if levels are <100 IU/L
bWill be advanced in those patients with “Fontan failure”, Fontan’s duct thrombosis or transitional 
elastography ≥15 kPa
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Tetralogy of Fallot This complex congenital defect (pulmonary stenosis, ventricu-
lar septal defect, right ventricular hypertrophy and overriding aorta) usually requires 
surgical treatment. Pulmonary and tricuspid regurgitation and right ventricular dys-
function are common complications, resulting in chronic liver congestion. 
Restrictive right ventricles can be less prone to dilatation, but cause higher pressures 
in the right atrium. Liver damage is less frequent in Fallot’s than in other congenital 
cardiac diseases and surveillance is not universally indicated [99].

Dextro-Transposition of the Great Arteries and Mustard Surgery In Mustard sur-
gery, a baffle is employed to redirect blood flow through the superior and inferior 
cavalveins to the anatomic left ventricle, connected to the pulmonary arteries. The 
pulmonary venous blood is diverted through the right ventricle to the aorta. Right 
ventricular failure and secondary tricuspid regurgitation occur because the right 
ventricle is not prepared to work as a systemic pump. Only patients with severe 
dysfunction of the right ventricle or thrombosis/stenosis in the lower venous baffle 
can develop hepatic venous congestion, so in the absence of these complications, 
liver damage is very unlikely [100].
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Chapter 14
Regenerative Nodules and Liver Tumors 
in Vascular Liver Diseases

Valerie Paradis and Aurélie Beaufrère

 Introduction

Hepatocellular nodules may occur either in a background normal liver or in the 
context of chronic liver diseases, including vascular liver diseases (VLD) [1, 2]. 
Although the relationship between hepatocellular nodules and VLD has long been 
recognized, their pathogenesis has been more recently deciphered [1]. Indeed, the 
pathogenesis of most of hepatocellular nodules associated with VLD has been 
linked to the imbalance between hepatic arterial and portal venous blood flow lead-
ing to an increased hepatic arterial inflow [3, 4].

Hepatocellular nodules have been firstly described in Budd-Chiari syndrome 
(BCS), Hereditary Hemorrhagic Telangiectasia (HHT), and congenital porto- 
systemic shunts (CPSS) [1, 2], and most cases have been reported in BCS [5–9]. 
Noteworthy, by contrast to other chronic liver diseases leading to cirrhosis, hepato-
cellular nodules associated with VLD correspond in the great majority of cases to 
benign hepatocellular nodules, either regenerative or neoplastic.

While the relationship between hepatocellular nodules and VLD is better 
described in imaging than in pathology [2, 6, 10], their radiological features are less 
characteristic yielding an accurate “noninvasive” diagnostic difficult. Indeed, the 
distinction between neoplastic, either benign (hepatocellular adenoma) or malignant 
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(hepatocellular carcinoma), and regenerative nodules is complex on imaging in 
VLD [2, 3]. Therefore, a liver biopsy is almost always required to characterize pre-
cisely the lesion and exclude malignancy [11, 12]. Nevertheless, definite diagnosis 
of nodules is based on a specialized multidisciplinary team, including clinicians, 
radiologists and pathologists, and leads in most of cases to a close follow- up [1].

In this chapter, we will first describe the main morphological features of the 
hepatocellular nodules developed in VLD and we will review the type of hepatocel-
lular nodules according to the most common VLDs.

 Hepatocellular Nodules: A Wide Spectrum of Lesions

Both benign and malignant hepatocellular nodules can be observed in 
VLD. Dysplastic nodules will not be discussed in this chapter because of their low 
described association with VLD. Diffuse lesions like NRH are treated in Chap. 9. 
While benign hepatocellular nodules encompass a wide spectrum of lesions [large 
regenerative nodule (LRN), focal nodular hyperplasia (FNH) and hepatocellular 
adenoma (HCA)], malignant hepatocellular nodules correspond to hepatocellular 
carcinoma (HCC). The main histological features of each type of nodules observed 
in VLD are listed in Table 14.1.

 Large Regenerative Nodules (LRN) (Fig. 14.1)

 Pathology

LRN, also known as macro regenerative nodule or multi-acinar regenerative nodule, 
corresponds to a reactive hepatocellular nodule, mostly observed in cirrhotic liver [10, 
13]. LRN measures commonly more than 0.5–1 cm in diameter (Fig. 14.1a). In prac-
tice, they are larger than the surrounding cirrhotic nodules. They are composed of 
normal looking hepatocytes without atypia arranged in one-to two-cell-thick plates 
(Fig. 14.1b). Portal tracts are present and reticulin framework is intact (Fig. 14.1c and 
d). No central scar and no ductular reaction are present [1, 14]. Their main differential 
diagnoses are dysplastic nodules (low grade) and in a lesser extent focal nodular 
hyperplasias [15].

 Imaging

LRN may be unique or multiple. With multi-phasic, contrast-enhanced CT nodules 
are enhanced homogeneously on the arterial phase and remained slightly hyper-
dense relative to liver parenchyma on the portal venous phase. On MRI, these 
lesions is hyper intense relative to liver parenchyma on the T1-weighted images and 
isointense or hypointense relative to liver parenchyma on T2-weighted images [16].
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 LRN in VLD

LRN is mostly observed in cirrhotic liver, whatever its etiology, including vascular 
diseases [1, 17]. That is why it was more frequently observed in BCS [8]. It has been 
also frequently described in HHT [18].

 Focal Nodular Hyperplasia (FNH) (Fig. 14.2)

 Pathology

FNH may be single (two-thirds of cases) or multiple, and can be of any size [1]. On 
gross examination, FNH is well-circumscribed but not encapsulated. It is firm and 
paler than the surrounding liver parenchyma. On cut section, a central stellate scar 
is in most cases present, which is surrounded by parenchymal nodules delimited by 
fibrous septa radiating from the scar (Fig. 14.3a).

Table 14.1 Main macroscopic and microscopic features of hepatocellular nodules observed in 
vascular liver disorders

Macroscopic features Microscopic features

Large 
regenerative 
nodule

Large nodule (amore than 1 cm) Nodule composed of hepatocytes with 
normal or near-normal cytology, with 
plates one to two cells thick.
Intact reticulin framework

Focal nodular 
hyperplasia

Well-circumscribed but not 
encapsulated lesion (a few mm to 
>10 cm in diameter), paler than the 
surrounding hepatic parenchyma 
and firm.
Cut section: Central stellate scar 
surrounded by parenchymal 
nodules delimited by fibrous septa 
radiating from the scar

Central scar with radiating branches, 
together with variable size nodules made 
of normal hepatocytes
Ductular reaction and large dystrophic 
arteries in the fibrous septa
Absence of portal tract
Intact reticulin framework
GS map-like pattern

Hepatocellular 
adenoma

Soft and relatively uniform lesion 
(1 mm up to 20 cm in diameter)
Areas of congestion, necrosis, 
hemorrhage or fibrosis possible

Proliferation of hepatocytes arranged in 
sheets and cords of one or two cells thick 
without cytological atypia
No portal tract
Preserved reticulin framework
IHC classification in 5 sub-types

Hepatocellular 
carcinoma

Soft lesion sometimes 
encapsulated, often with areas of 
necrosis (1 cm in diameter up to an 
entire lobe)
Colors: Tan or yellow, and green if 
they produce bile.

Proliferation of hepatocytes arranged in 
more than two-cells thick plates. Pseudo 
acinar changes can be present, cytological 
atypia: mild to high
No portal tract, unpaired arteries
Loss or disruption of reticulin framework
IHC: Expression of Glypican 3, GS and 
HSP70

GS glutamine synthetase, IHC immunohistochemistry

14 Regenerative Nodules and Liver Tumors in Vascular Liver Diseases



218

On microscopic examination, the central scar presents radiating branches, 
together with variable size nodules made of normal hepatocytes (Fig.  14.3b). 
Ductular reaction is observed at the interface between the nodules and the fibrotic 
bands. The fibrous septa contain large dystrophic arteries without main bile duct or 
portal vein branch (Fig. 14.3c) [1, 19, 20].

A specific pattern of glutamine synthetase expression has been described in 
FNH, consisting of broad, anastomosing (‘map-like’) areas of positive hepatocytes, 
commonly centered on veins with broad bands usually at a distance from the fibrous 
septa (Fig. 14.3d). Indeed, FNH is specifically characterized by an activation of the 
beta-catenin pathway without beta-catenin mutation, leading to an increased expres-
sion of GLUL, the gene coding for GS. The ‘map-like’ positivity of hepatocytes for 
GS is never observed in the other types of hepatocellular nodules, and then consti-
tutes a key diagnostic feature helpful in atypical FNH (i.e. lacking the central scar) 
and on biopsy in which all the morphological diagnostic features are not repre-
sented [19, 20].

a b

c d

Fig. 14.1 Large regenerative nodule (LRN). (a) Gross examination: large nodule contrasting with 
the surrounding liver parenchyma. (b) Microscopic examination: large nodule composed of hepa-
tocytes organized in plates one to two cells thick. (c) Plates of hepatocytes with normal or near- 
normal cytology and portal tract. (d) Intact reticulin framework
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Fig. 14.2 Focal nodular hyperplasia (FNH). (a) Gross examination: well-circumscribed nodule 
with central stellate scar surrounded by parenchymal nodules delimited by fibrous septa radiating 
from the scar. (b) Microscopic examination: central scar with radiating branches. (c) Large dystro-
phic artery in a fibrous septum. (d) Nodule made of normal-appearing hepatocytes. (e) Intact retic-
ulin framework. (f) Glutamine synthetase immunostaining: map-like pattern
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 Imaging

FNH is often typical and recognized by imaging technique in >80–90% of cases, 
except if small, lacking typical characteristics or with fatty infiltration [1]. At ultra-
sound, FNH is usually slightly hypoechoic or isoechoic, and may only be detected 
because they displace the surrounding vessels. Hypoechoic halo or lobulated con-
tours are often observed. The central scar is difficult to visualize at US (20% of the 
cases). On CT scans, FNH spontaneously appears as a focal hypoattenuating mass. 
The central hypo attenuating scar is depicted in only one-third of the cases. At the 
arterial phase of contrast-enhanced CT, the lesion enhances rapidly in most cases. 
At the portal venous phase, the lesion is either iso- or slightly hyper-attenuating 
relative to normal liver. On MR imaging, there are five major criteria to assess a 
proper diagnosis: (1) lesion not different from the liver before contrast injection, i.e. 
iso- or hypo-intense on T1-weighted images and iso- or slightly hyper intense on 
T2-weighted images, (2) lesion homogeneity apart the central scar, (3) presence of 
a central scar, corresponding to a central hypo intense area on T1-weighted images, 
strongly hyperintense on T2-weighted images, and showing enhancement on 
delayed phase, (4) strong hyper enhancement at arterial phase without washout, (5) 
no capsule with lobulated aspect. These imaging findings in a patient with no under-
lying chronic liver disease or clinical history of cancer have a specificity close to 
100% [2, 3].

 FNH in VLD

In the context of VLD, FNH are often multiple and of small size. Importantly, some 
hepatocellular nodules may show overlapping features between LRN and FNH and 
have been called FNH-like nodules. These nodules often do not show a real central 
scar but only thin fibrous septa with a more or less obvious ductular reaction [14]. 
FNH are frequently reported in BCS, CPSS and HHT [18, 21, 22].

Fig. 14.3 Hepatocellular adenoma (HCA). (a, b, c) HNF1A inactivated adenoma: (a) gross exam-
ination: well circumscribed yellow red-brownish tumor, (b) microscopic examination: well dif-
ferentiated hepatocellular proliferation with steatosis, (c) LFABP immunostaining: loss of LFABP 
expression. (d, e, f) Inflammatory adenoma, (d) Gross examination: yellow-brown tumor with area 
of hemorrhage, (e) well differentiated hepatocellular proliferation with sinusoidal dilatation and 
congestion, (f) SAA immunostaining: overexpression of SAA protein in the tumor cells. (g, h, i) 
β-catenin mutated (exon 3) adenoma: (g) gross examination: well circumscribed red-brownish 
tumor, (h) microscopic examination: hepatocellular proliferation with cytological atypia, (i) 
β-catenin immunostaining: nuclear and cytoplasmic expression of β-catenin in the tumor cells. (j, 
k, l) β-catenin mutated (exon 7 or 8) adenoma: (j) gross examination: Not well-limited red brown-
ish tumor, (k) Reticulin stain: multifocal reticuln loss, (l) Glutamine synthetase immunostaining: 
heterogenous expression of glutamine synthetase. (m, n, o) Sonic Hedgehog adenoma: (m) gross 
examination: red-brownish nodule with large areas of hemorrhage, (n) microscopic examination: 
well differentiated hepatocellular proliferation with large areas of hemorrhage, (o) PGTDS immu-
nostaining: expression of PGTDS in the tumor cells
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Fig. 14.3 (continued)
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 Hepatocellular Adenoma (HCA) (Fig. 14.3)

 Pathology

HCA may be unique or multiple, and their size is very variable, ranging from micro-
scopic foci up to 30 cm [1]. On gross examination, the lesion may be well circum-
scribed or not, and can be difficult to distinguish from the surrounding parenchyma. 
HCA is soft and relatively uniform, although areas of congestion, necrosis, hemor-
rhage, or fibrosis can be observed. The color varies from yellow or tan to brown 
(Fig. 14.4a).

On microscopic examination, HCA corresponds to a proliferation of well- 
differentiated, usually bland-looking, hepatocytes arranged in sheets and cords 
composed of one or two cells, with a preserved reticulin framework and no portal 
tract (Fig. 14.4b and c). Since 2006, HCA define an heterogeneous group of neo-
plastic benign hepatocellular proliferations composed of different subtypes charac-
terized by specific molecular alterations that are associated with morphological 
features, clinical settings and complications [1, 23–25]. The genotype-phenotype 
classification led to the description of 5 well-recognized subtypes based on morpho-
logical and immunophenotypical features, that are currently used in practice.

Hepatocyte Nuclear Factor 1A (HNF1A) Inactivated HCA (H-HCA)

The first group of HCAs is defined by HNF1A mutation in 30–40% of all HCAs. 
The gene defect was found to be somatic in 90% but germline in 10%. It occurs 
mostly in women taking oral contraception as well as MODY3. The main morpho-
logical hallmark of this subtype is the presence of steatosis, even though it could be 
of variable extent. The reticulin framework shows a pericellular pattern in which 
reticulin fibers can partially encircle small clusters of hepatocytes. Expression of 
liver fatty acid binding protein (LFABP) involved in lipid trafficking, is specifically 
absent in all H-HCA (always expressed in the normal liver), as a consequence of 
HNF1A inactivating mutation and serves as a translational marker to identify spe-
cifically this subtype [23, 24, 26].

Inflammatory HCA (IHCA)

The group of inflammatory HCAs accounts for 40% of all HCAs. The cardinal 
molecular feature of IHCAs is the activation of the JAK/STAT pathway, which may 
be related to various gene mutations, such as gp130 activating mutations in 65% of 
cases, STAT3 mutations in 5% of cases, and GNAS mutations in 5% of cases. It 
occurs mainly in women but also in men with high BMI and alcohol consumption. 
These HCAs show pseudo-portal tracts with inflammation, large arteries and ductu-
lar reaction, together with variable degrees of sinusoidal dilatation and congestion. 
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Fig. 14.4 Well-differentiated HCC developed in Budd-Chiari syndrome. (a) Gross examination: 
Yellow encapsulated lesion, (b) Microscopic examination: proliferation of hepatocytes arranged in 
more than two-cells thick plates and with pseudo acinar changes, (c) Pseudo-glands and plates of 
hepatocytes with mild atypia and without portal tract, (d) Reticulin stain showing plates of more 
than two-cells thick, (e) Non tumoral liver: extensive fibrosis and marked sinusoidal dilatation, (f) 
Obliteration of a central vein
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Steatosis may be present. IHCAs exhibit overexpression of inflammatory proteins, 
such as serum amyloid A (SAA) and C-reactive protein (CRP) by immunohisto-
chemistry that represents the hallmark of this subtype [1, 23, 24].

b-Catenin Mutated HCA (b-HCA) and b-Catenin Mutated Inflammatory HCA 
(b-IHCA)

b-catenin-mutated HCAs constitute approximately 10–15% of all HCAs. More than 
10% of b-HCA are also inflammatory (b-IHCA). b-HCA occurs more often in men 
than the other sub-types and is more often associated with malignant transformation 
(). Different kinds of mutations or deletions (exons 3, 7 and 8) in the CTNNB1 gene 
coding for b-catenin have been reported, associated with different levels of b-catenin 
pathway activation. Cytological atypia, small-cell change, pseudo glandular/acinar 
architecture, and cholestasis may be observed. Reticulin loss may be focally 
described.

According to the b-catenin mutations, different patterns of GS may be observed. 
The most robust is the pattern associated with mutations and deletions of exon 3 
(non S45) which is strong and diffuse. Additionally, aberrant nuclear b-catenin 
staining (the best specific marker but poorly sensitive) may be present. For all other 
mutations, b-catenin pathway is less activated and leads to mild to moderate stain-
ing with heterogeneous distribution. In b-IHCA, an expression of GS and SAA/CRP 
was observed [24, 27].

Sonic Hedgehog HCA (shHCA)

This sub-group has been recently described by Nault et al. in 2017 [26] and consti-
tute approximately 4% of HCA. It defined by a GLI1 overexpression due to a dele-
tion leading to a fusion between INHBE and GLI1. These fusions activate 
constitutively the sonic hedgehog pathway into tumor hepatocytes. shHCAs occur 
more frequently in women and are associated with higher BMI and/or cumulative 
consumption of oral contraceptive. shHCAs have been associated with a high rate 
of histological but also clinical symptomatic bleeding [26]. No specific morphologi-
cal features are described while prostaglandin D synthase (PTGDS) and arginino-
succinate synthase 1 (ASS1) have been reported as overexpressed in 
shHCA. However, ASS1 may also be overexpressed in other HCA subtypes, almost 
exclusively in IHCA [28, 29].

Unclassified HCA

The last group of HCA (<5% of all HCAs) is characterized by the lack of specific 
histological features without any specific molecular abnormality [24].
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 Imaging

HCA demonstrates variable echogenicity on ultrasound and cannot readily be dis-
tinguished from other lesions. On computed tomography, and MRI HCAs were 
classically described as lesions different from FNH due to common presence of 
hemorrhage, necrosis, or fat. Actually, imaging and MRI in particular correspond to 
the different subtypes. Indeed, on MR, H-HCA are homogeneous and have a vari-
able signal on T2-sequences: usually slightly hyper intense on non-fat suppressed 
sequence and iso-or hypo intense on T2-weighted fat suppressed sequence. The 
striking finding is a diffuse and homogeneous signal dropout on chemical shift 
T1-weighted sequences (93%) [30, 31]. In I-HCA, MR imaging shows a strong 
hyper intense signal on T2-weighted images either diffuse or as a rim-like band in 
the periphery of the lesion defined as the atoll sign [32]. b-HCA and unclassified 
HCA are less characteristic on imaging. They share findings of hepatocellular 
tumors (mainly arterial enhancement and portal or delayed wash-out) and may have 
heterogeneous content [30]. shHCA is a relatively new entity and its imaging fea-
tures are yet not well-known.

 HCA in VLD

While HCAs have rarely been described in the context of VLD, they are frequently 
observed in BCS and CPPS, and, importantly, all sub-types may be seen [10].

 Hepatocellular Carcinoma (HCC) (Fig. 14.4)

 Pathology

On gross examination, the tumor may form a single mass or there may be multiple 
scattered discrete nodules. Some tumors form an expanding mass well demarcated 
from the surrounding liver, with or without a capsule, whereas others appear to infil-
trate the surrounding liver tissue. HCCs can be variably tan or yellow and green. 
Satellite nodules and vascular invasion are common and constitute main histopro-
nostic factors. On microscopic examination, HCC can have a highly variable appear-
ance. Well-differentiated HCC can show overlapping features with HCA, and, in 
cirrhotic livers, with dysplastic nodules [14]. Diagnosis is based on (1) architectural 
criteria (enlarged hepatocytic plates (≥2), pseudo-glandular formations), (2) cytologic 
criteria (atypia such as small cell changes and nuclear pleomorphism), and presence 
of unpaired arteries. Reticulin staining is very useful, showing a loss or a fragmenta-
tion of the framework [14, 33, 34]. Immunostainings can be used, such as the combi-
nation of HSP70, glypican 3, and GS staining has been shown to help in differentiate 
HCC from high-grade dysplastic nodules in cirrhosis [35]. Glypican 3 is more reliable 
in less-differentiated HCC, being often negative in well-differentiated HCC [36].
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 Imaging

CT and MRI are the most common modalities used for radiographic diagnosis of 
HCC. The criteria proposed by the American Association for the Study of Liver 
Diseases and EASL state that for tumors >1 cm in cirrhotic liver, biopsy is not nec-
essary to confirm the diagnosis if classical features of HCC are seen on multiphasic 
contrast-enhanced CT or MRI. The classic features include non-rim arterial phase 
hyper enhancement followed by washout during the portal venous and/or delayed 
phases enhancement of the lesion in the arterial phase and washout in the venous 
phase [11, 37, 38].

 HCC in VLD

Most commonly, HCC arise in the context of chronic liver diseases, and are less 
frequently reported in the context of VLD [1, 2]. However, BCS, which may prog-
ress to advanced fibrosis and cirrhosis, is the main VLD associated with HCC [39]. 
HCC is rare in the other VLD. In this context, biopsy of the nodule is recommended 
as it often develops in a non-cirrhotic liver.

 Hepatocellular Nodules in Vascular Liver Diseases

Interestingly, the development of hepatocellular nodules is varying according to the 
type of VLD (Table  14.2). Globally, they correspond more frequently to benign 
rather to malignant hepatocellular proliferations.

Table 14.2 Prevalence of liver nodules in vascular liver disorders

NRH LRN FNH HCA HCC

Budd Chiari syndrome Very 
frequent

Very 
frequent

Very 
frequent

Possible Frequent

Congenital Porto-systemic 
shunts

Frequent Not 
described

Very 
frequent

Possible Rare

Porto-sinusoidal vascular 
disease

Very 
frequent

Rare Frequent Rare Not 
described

Hereditary hemorraghic 
telangiectasia

Frequent Frequent Very 
frequent

Rare Rare

Sinusoidal obstruction 
syndrome

Rare Not 
described

Rare Not 
described

Not 
described

Congenital hepatic fibrosis Not 
described

Not 
described

Rare Rare Rare

NRH nodular regenerative hyperplasia, LRN large regenerative nodule, FNH focal nodular hyper-
plasia, HCA hepatocellular adenoma, HCC hepatocellular carcinoma
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 Budd Chiari Syndrome (BCS) (Figs. 14.4 and 14.5)

c

e

a b

d

Fig. 14.5 Focal nodular hyperplasia and β-catenin mutated adenoma developed in Budd-Chiari 
syndrome. (a) Gross examination: one well-circumscribed lesion paler than the surrounding 
hepatic parenchyma and one well-circumscribed brownish lesion. (b) Microscopic examination: 
variable size nodules made of normal hepatocytes delimited by fibrous septa containing large dys-
trophic arteries and ductular reaction. (c) Glutamine synthetase immunostaining: map-like pattern, 
(d) Microscopic examination: proliferation of hepatocytes arranged in sheets and cords of one or 
two cells thick, (e) Glutamine synthetase immunostaining: diffuse and intense expression
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BCS is defined by an obstruction of the hepatic venous outflow tract. In short term, 
the early decrease of portal perfusion is responsible for the development of NRH or 
infarcts if complicated with large thrombi. An increase in arterial perfusion com-
pensates impaired portal flow in chronic BCS, and then contributes to the develop-
ment of benign regenerative nodule, corresponding mostly to LRN, FNH or 
FNH-like lesions [2, 8]. Nevertheless, HCAs are also reported in the literature 
including H-HCA, IHCA or b-HCA [10, 21]. The main issue regarding liver nod-
ules in BCS concerns HCC. Indeed, HCC in BCS is relatively frequent with a vari-
able prevalence observed between the different studies, ranging from 17% to 26% 
[6, 39, 40]. The diagnosis between FNH-like lesions and HCC remains difficult at 
imaging as both lesions are hyper vascular. Moreover, many FNH-like lesions show 
wash-out, which is explained by the congestive liver. Combination of criteria such 
as signal intensity on T1-, on T2, on diffusion, and on hepatobiliary phase is helpful 
[41]. Therefore, accurate diagnosis requires multidisciplinary approach including 
clinical, laboratory (AFP), and imaging work-up including MR imaging with hepa-
tobiliary MR contrast agents. In case of doubt, a tumor biopsy may be performed 
however the diagnosis may be difficult in case of well-differentiated HCC [2].

 Congenital Porto-Systemic Shunts (CPSS)

In case of malformation of the splanchnic venous system, the splanchnic venous 
flow bypasses the liver and drains directly into the systemic venous circulation. The 
result of CPSS is the diversion of the blood flow to the systemic venous system, 
through an either complete or partial shunt of the portal blood from the liver [1, 42]. 
All types of hepatocellular nodules have been reported in CPSS and linked to the 
deprivation of the portal flow with increased arterial flow [43–45]. The majority of 
reported cases includes NRH, FNH and HCA with all subtypes described [10, 22, 
46–49]. Importantly, regression of some hepatocellular nodules has been reported 
after closure of the shunt [50]. By contrast, HCA may also progress into HCC, par-
ticularly in cases of b-HCA and H-HCA without steatosis [10, 51, 52]. Finally, de 
novo HCC have been also described. Tumors in these cases were often large and 
well to moderately differentiated [53, 54].

 Porto-sinusoidal Vascular Disease (PSVD) (Fig. 14.6)

PSVD or obliterative portal venopathy is observed in patients with idiopathic non- 
cirrhotic portal hypertension without extrahepatic portal vein obstruction. The dis-
ease is generally stable or progresses only slowly but does not evolve to cirrhosis 
[55–57]. The most common hepatocellular nodule observed in PSVD is NRH, fol-
lowed by FNH-like [58, 59]. Rare cases of HCA have been reported while HCC has 
not been described so far [10, 59] [1].
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Fig. 14.6 HNF1A inactivated adenoma developed in the context of porto-sinusoidal vascular dis-
ease. (a) Microscopic examination: proliferation of hepatocytes arranged in sheets and cords of 
one or two cells thick, (b) hepatocytes arranged in sheets and cords of one or two cells thick with-
out cytological atypia and with steatosis and few unpaired arteries, (c) LFABP immunostaining: 
loss of expression of LFABP in the tumoral cells, (d) Intact reticulin framework, (e) Non-tumoral 
liver: Arterialization of large portal associated with sinusoidal dilatation, (f) Non-tumoral liver: 
Absence of portal vein in a small portal tract
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 Hereditary Hemorraghic Telangiectasia (HHT) (Fig. 14.7)

HHT is an autosomal dominant vascular disorder with molecular heterogeneity, char-
acterized by hepatic involvement in HHT in up to 30% of cases, showing enlarged 
hepatic artery, hepatic aneurysm, intrahepatic telangiectasia and arteriovenous, arterio-
portal and portovenous shunts [60]. In HHT, an increase in the arterial flow is observed 
and may induce a nodular transformation of the liver parenchyma. Consequently, 
regenerative nodules, such as LRN, FNH and FNH-like lesions, are much more fre-
quently observed. HCA and HCC have not been described in the literature [18, 61–65].

 Sinusoidal Obstruction Syndrome (SOS)

SOS is characterized by sinusoidal endothelium damage, with or without occlusion 
of the central vein, observed namely in the context of oxaliplatin chemotherapy. 
NRH may be frequently observed in SOS [66–68]. FNH is also rarely described in 
patients with chemotherapy but the link with SOS lesions is not yet known [69].

b

c d

a

Fig. 14.7 FNH-like nodule developed in hereditary hemorrhagic telangiectasia. (a) Gross exami-
nation: well-circumscribed nodule with fibrous change, (b) Microscopic examination: well cir-
cumscribed nodule of normal hepatocytes without central scar, (c) variable size nodules made of 
normal hepatocytes surrounded by fibrous septa with ductular reaction and dystrophic arteries. (d) 
Non-tumoral liver: vascular dilations involving sinusoids, veins and arteries

14 Regenerative Nodules and Liver Tumors in Vascular Liver Diseases



232

 Congenital Hepatic Fibrosis (CHF)

CHF is an autosomal recessive disease affecting primarily the hepatobiliary system 
and the kidneys, belonging to the group of fibro-polycystic diseases. Few cases of 
FNH, HCA and dysplastic nodules have been reported [70, 71]. Rare cases of HCC 
are described in the literature [72, 73].

In conclusion, Hepatocellular nodules in the context of VLD represent a real 
challenge for radiology and pathology. Indeed, imaging is less typical in this con-
text, therefore a liver biopsy has often to be performed. The diagnosis on biopsy 
may be nevertheless difficult, particularly to distinguish HCA well-differentiated 
HCC. Actually, modern imaging techniques combined with tumor biopsy (provid-
ing a morphophenotypical analysis) significantly improve the classification of liver 
nodules.
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Chapter 15
Pregnancy in Vascular Liver Disease

A. Payancé, Pierre-Emmanuel Rautou, and Dominique Valla

Abbreviations

BCS Budd Chiari syndrome
HTT Hereditary hemorrhagic telangiectasia
TIPS transjugular intrahepatic portosystemic shunt

Among patients with Budd Chiari syndrome (BCS), portal vein thrombosis and 
porto-sinusoidal vascular disease, women of childbearing age account for 50%, 
20% and 15%, respectively [1–3]. The affected women in this age have gained a 
long life expectancy since anticoagulation therapy, followed in specific cases by 
transjugular intrahepatic portosystemic shunt (TIPS), angioplasty or liver transplan-
tation have been applied. Indeed, with an appropriate management, five-year sur-
vival rate is currently above 90% for women with BCS or portal vein thrombosis, 
and 85% for porto-sinusoidal vascular disease [1, 2, 4]. It is therefore not surprising 
that affected women with a well-controlled disease express a desire for pregnancy. 
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Recently reported clinical studies suggest that favorable pregnancy outcomes can be 
expected in women with vascular liver diseases. Currently therefore, pregnancy 
cannot be as systematically contraindicated in such women as it was in the past. 
However, a specific management is needed which requires a collaboration between 
several specialists, including hepatologists, hematologists and obstetrician- 
gynecologists. Management of pregnancy in women with vascular liver disease 
requires clarification of level of portal hypertension, and of patients’ coagulation 
status. It is also important to take into account the consequences of circulation and 
coagulation changes in women with portal hypertension on the course of pregnancy 
or delivery, and on both mother and fetus outcomes.

In this chapter, we first summarize what it is known about coagulation and physi-
ologic changes associated with pregnancy, and then we address (1) what are the 
outcomes of pregnancy in women with established vascular liver diseases, and (2) 
how to manage pregnancy, delivery and puerperium in these women.

 Pregnancy-Related Changes in Circulation and Coagulation

In healthy women, blood volume and cardiac output increase by 30–50% during 
the second and third trimesters of pregnancy, while heart rate increases, and arte-
rial blood pressure decreases by 10% reaching its nadir between the 16th and 20th 
weeks of gestation [5, 6]. These changes are reminiscent of those in patients with 
portal hypertension, suggesting that an exacerbation of the latter might occur dur-
ing pregnancy [7]. However, changes occurring in the portal circulation during a 
normal pregnancy in a healthy woman have been poorly characterized. Two stud-
ies dating back to the seventies suggested increased or unchanged total hepatic 
blood flow [5, 8]. In addition, pressure is exerted on the inferior vena cava by the 
pregnant uterus, and particularly so during the third trimester, which may impact 
on portal hemodynamics. However, portal hemodynamic data during pregnancy 
are scarce, in healthy women as well as in patients with portal hypertension. Most 
recent studies using arterial Doppler ultrasonography showed unchanged hepatic 
arterial blood flow [9].

In the general population, estimates of the incidence of pregnancy-associated 
venous thromboembolism (pulmonary embolism and/or deep vein thrombosis) 
range from 1 in 1000 to 1 in 2000 deliveries [9]. The risk of venous thromboembo-
lism is five times higher during pregnancy and puerperium than in a non-pregnant 
woman. About two thirds of thrombosis episodes take place antepartum, while 
40–60% of pulmonary embolism episodes occur 4–6  weeks postpartum [10]. 
Indeed, pregnancy is associated with a significant prothrombotic shift in the hemo-
static system balance related to an increased level of coagulation factors (namely 
factor VII, factor X, and fibrinogen), a decreased level of certain natural anticoagu-
lant (i.e. free protein S) and a decreased fibrinolytic potential (through an increase 
in plasminogen activator inhibitor type 1 level) [9].
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 Outcomes of Pregnancy in Women with Vascular 
Liver Disease

 Budd-Chiari Syndrome

 Pregnancy and Post-Partum, a Risk Factor for Budd-Chiari Syndrome

In a recent systematic review with meta-analysis, BCS first manifesting during 
pregnancy or post-partum accounted for 0 to 21.5% of cases reported in 20 studies 
and the pooled proportion was 13.1% in women with BCS. The proportion varies 
with the area and also with the date of inception. Indeed, in studies carried out 
before 2000, the proportion ranged from 3.8 to 21.5% in India and from 2.6 to 7.7% 
in Europe [11]. A study conducted by the European Network for Vascular Disorders 
of the Liver (EN-Vie) between 2003 and 2005 recorded a proportion of 3.7% [2]. 
Such high proportions suggest that pregnancy might be a relatively common causal 
factor for BCS. Rautou and colleagues compared 7 women with a diagnosis of BCS 
made during pregnancy or post-partum and 36 women with BCS diagnosis before 
any pregnancy or at least 6 months after pregnancy. The proportion of primary pro-
tein S deficiency in women with BCS first manifesting during pregnancy or post- 
partum was significantly higher (66%) than in BCS women with BCS not revealed 
by pregnancy [12]. Furthermore, in a series of 237 pregnancies in 158 women with 
essential thrombocythemia, a high incidence of splanchnic vein thromboses was 
observed (13/237; 5.5%) [13]. Those data suggest that pregnancy is unlikely to 
cause BCS in the absence of an underlying prothrombotic condition. Out of a con-
text of pregnancy, a combination of several prothrombotic disorders has been 
reported in 28% of patients with BCS. Therefore, women presenting with BCS dur-
ing pregnancy or post-partum should be comprehensively investigated for other 
underlying prothrombotic risks factors [14].

 Budd-Chiari Syndrome Presenting During Pregnancy or Post-Partum

In surveys carried out in India between 1963 and 1991, women presenting with a yet 
unknown and untreated BCS during pregnancy had a poor outcome. In the latter 
surveys including women with BCS not adequately managed prior to conception, 
54 pregnancies have been evaluated collectively and about 50% of women died 
within one year from the onset of their illness [15, 16].

 Pregnancy in a Patient with Previously Recognized Budd-Chiari Syndrome

The main data on maternal and fetal risks of pregnancy in women with previously 
documented and treated BCS have been reported in two European and one Indian 
retrospective series including 55 pregnancies in 36 patients [17–19].
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These patients usually had a stable and relatively good condition. Indeed, man-
agement of these patients before conception had followed the stepwise strategy 
largely used in Europe including anticoagulation, management of portal hyperten-
sion, decompressive therapy (i.e. angioplasties with or without stenting, or TIPS) 
and treatment of underlying thrombotic disorders [20]. This allowed compensated 
disease at the time of conception for all women with a median time between diag-
nosis and conception of 57 to 60 months.

Reported fetal outcomes appear to be poorer than in a general population. Indeed, 
the reported rate of miscarriages or ectopic pregnancies before the 20th week of 
pregnancy was about 30%, higher than in a healthy female population of similar age 
since an estimated 11–20% of clinically recognized pregnancies result in spontane-
ous abortion [21]. On the other hand, after 20 weeks of pregnancy, 93% of children 
were healthy while 4 cases of fetal death in utero have been observed (including 3 in 
the Indian study). Prematurity rate between 32 and 36 weeks of pregnancy was high 
(3/40, data not available for the Indian study) but no morbidity-mortality was 
observed. No obviously higher rate of fetal malformations was observed in women 
with BCS than in the general population.

In these surveys, carried out between 1985 and 2015, no maternal death was reported 
during a total of 55 pregnancies with a follow up of more than 30 months [17–19]. Forty 
three pregnancies occurred on anticoagulation therapy and 24 pregnancies were per-
formed while radiological decompressive interventions had been performed before con-
ception. Liver related complications seem to be rare as only 4 women developed ascites 
or pulmonary hypertension. The seven hemorrhagic events occurred in patients receiv-
ing anticoagulation and were not related to portal hypertension. The majority of liver 
related events were pregnancy related, including a surprisingly high rate of intrahepatic 
cholestasis of pregnancy, especially in Indian women. In the study by Rautou et al., fac-
tor II gene mutation was significantly associated with a poor outcome (i.e., birth before 
32 weeks of gestation and/or serious obstetrical complications) [18].

 Portal Vein Thrombosis

 Portal Vein Thrombosis Presenting During Pregnancy or Post-Partum

Recognition of portal vein thrombosis during pregnancy or postpartum has been 
reported in 0 to 4% of patients with portal vein thrombosis. By contrast with its 
impact on BCS development, pregnancy alone does not appear to constitute a sig-
nificant risk factor for portal vein thrombosis [9].

 Pregnancy in Patients with Previously Recognized Portal Vein Thrombosis

Three large retrospective studies have assessed pregnancy outcomes and fetal risks 
in women with known portal vein thrombosis and have included a total of 104 preg-
nancies. At a first glance, the high rate of live birth (83%) among these 104 
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pregnancies with portal vein thrombosis is comparable to that in a general popula-
tion. However, the rates of prematurity and fetal death in utero appear to be higher 
in women with portal vein thrombosis than in the general population. In one of the 
surveys, evaluating 45 pregnancies in 24 women with portal vein thrombosis, 58% 
of women delivered a live child at term. In this study, pregnancies reaching the 20th 
week of gestation ended with the birth of a live baby [22].

Considering maternal outcome, increased morbidity but no death has been 
reported. Although studies differ in terms of underlying prothrombotic conditions 
and anticoagulant therapy, they all suggest that anticoagulant therapy in such women 
is well tolerated [22–24]. Indeed, there was no bleeding related maternal death. Five 
women not treated with anticoagulation therapy had bleeding due to ruptured gas-
troesophageal varices (3 women had not received adequate prophylaxis for portal 
hypertension), 6 had gynaecological or parietal bleeding (mostly peripartum, 
including 1 patient on anticoagulation therapy). Among these 104 pregnancies, two 
thromboembolic events were reported and no case of intestinal ischemia or deep 
vein thrombosis was reported. A higher platelet count and a JAK2 V617F mutation 
were significantly associated with a complicated pregnancy (miscarriage, prematu-
rity, severe obstetric complications, neonatal complications). These findings sug-
gest that the underlying thrombotic conditions, particularly myeloproliferative 
neoplasia, could be a possible cause for unfavorable pregnancy outcome, e.g. due to 
thrombotic occlusion in the placental circulation [22].

 Porto-Sinusoidal Vascular Disease

Pregnancy outcomes in patients with porto-sinusoidal vascular disease were evaluated 
in a multicenter European study on 24 pregnancies in 16 patients. All women met 
recent criteria for a diagnosis of porto-sinusoidal vascular disease [4]. At conception, 
diagnosis was known and liver function was preserved since all patients had an inter-
national normalized ratio below 1.5 and a serum bilirubin level below 2 mg/dL. There 
was adequate prophylaxis of gastrointestinal bleeding at conception for 21/24 pregnan-
cies (four women had a TIPS). Rate of pregnancy loss prior to 20 weeks of gestation 
(21% (95% CI 5%–37%)) appeared to be increased as compared with the general 
population, but close to that of women with portal vein thrombosis [21, 22]. There was 
also an increased rate of prematurity (50% (95% CI 27%–73%)).

Out of the 24 pregnancies, 6 had complications related to portal hypertension: 2 
had increases in pre-existing ascites at conception, 1 an aggravation of pre-existing 
portal pulmonary hypertension, 2 gastrointestinal hemorrhage due to variceal bleed-
ing and a portal vein thrombosis. Unlike women with portal vein thrombosis or 
BCS, these hemorrhages occurred despite prophylaxis with beta-blocker therapy 
[25]. Whether the use of endoscopic band ligation or combining beta-blocker treat-
ment could achieve better results is unknown. In these women at particular risk of 
thrombosis, a Doppler ultrasound of portal vein at 3 months and 6 months postpar-
tum can be recommended. This study also proposed to investigate porto-pulmonary 
hypertension prior to conception since pregnancy can worsen it [25].
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The prevalence of splenic artery aneurysm in women with porto-sinusoidal vas-
cular disease seems low [26]. Albeit the risk of rupture in these patients is also 
unknown and the size of aneurysm justifying prophylactic treatment undetermined, 
the risk of maternal and foetal mortality should be considered [27]. Splenic artery 
aneurysms should be added to the list of items to be checked prior to pregnancy in 
women with porto-sinusoidal vascular disease [26].

 Other Vascular Disorders

Hereditary hemorrhagic telangiectasia (HTT) is a rare genetically transmitted vas-
cular disease notably affecting heart and liver circulations, through the development 
of vascular malformations. Published studies assessing pregnancy outcomes in HTT 
reported that miscarriages were not more common in those women than in the gen-
eral population. A recent review article analyzed 5 case series and 31 case reports 
and described the evolution of 1577 pregnancies in 630 women with HTT [28]. 
Severe maternal complications were reported in 2.7% to 6.8% of pregnancies, 
mostly in non-diagnosed and non- screened HTT women. The most frequent com-
plications were related to pulmonary arteriovenous malformations. There were also 
8 complications related to hepatic arteriovenous malformations (6 leading to heart 
failure and 2 leading to hepatobiliary necrosis). The hyperdynamic state of preg-
nancy likely explains the risk for decompensation of cardiac disease [29].

Regarding peliosis hepatis, pregnancy has not been linked to the development of 
this liver disease, in contrast to oral contraceptives [9]. There are two cases of 
hepatic peliosis reported. One patient presenting with massive post-partum hemor-
rhage and multiorgan failure had a peliotic liver incidentally found at laparotomy 
[30]. The second patient presenting with signs of portal hypertension in her seventh 
month of gestation was subsequently diagnosed with hepatic peliosis on liver 
biopsy; she delivered a baby at full term without any complication but died of portal 
hypertension related complications 2.5 years later [31].

 Management of Liver Disease and Underlying Prothrombotic 
Disorders During Pregnancy, Delivery and Puerperium 
in Women with Vascular Liver Disease

 Early Counseling

Managing pregnant women with vascular liver disease remains challenging. To pre-
vent unplanned and potentially high-risk pregnancies in patients with vascular liver 
disease, counseling and education about potential maternal or fetal risks should be 
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routinely included in the care of these women prior to any pregnancy plan. Women 
with vascular liver disease should be early informed that pregnancy is not contrain-
dicated. However, women should also be informed that (1) vascular liver disease 
and underlying prothrombotic disorders need to be well characterized and con-
trolled before conception; and (2) pregnancy needs to be closely monitored, to early 
detect and prevent unfavorable maternal or fetal outcomes. Higher risk of spontane-
ous miscarriages or prematurity should be explained.

 Management During Pregnancy

Management of vascular liver disease during pregnancy mainly consists of manage-
ment of portal hypertension, antithrombotic treatment (anticoagulation and/or aspi-
rin) and management of underlying prothrombotic disorders. For each medication 
specific information of risks related during pregnancy should be given.

 Management of Portal Hypertension

Gastroesophageal varices should ideally be investigated in the year before concep-
tion and otherwise during the second trimester of pregnancy. Non cardioselective 
beta-blockers can be administered during pregnancy. Beta-blockers have been eval-
uated in women treated for indications other than portal hypertension. Some studies 
suggested neonatal adverse effects such as small for gestational age newborns, neo-
natal hypoglycaemia or bradycardia especially in newborns [32]. Those complica-
tions can be easily recognized and managed using specific monitoring at birth. Data 
on the management of acute variceal bleeding during pregnancy are extremely 
scarce. The risk and benefits of pharmacologic therapy has not been evaluated. 
Selected case reports suggest the efficacy of endoscopic band ligation [33, 34]. A 
total of 9 pregnant women with cirrhosis who underwent TIPS placement to prevent 
variceal hemorrhage, or to manage ascites, or refractory bleeding varices have been 
reported [35–39]. These case reports suggest that TIPS can be performed safely dur-
ing pregnancy, ideally during the second trimester. It is reasonable to recommend 
that variceal hemorrhage occurring during pregnancy be managed as in the non-
pregnant patient [40]. Decisions are probably best guided by current practice guide-
lines dedicated to non-pregnant subjects.

 Management of Antithrombotic Therapy During Pregnancy

There is no recommendation for anticoagulants before or during pregnancy specific 
to patients with vascular liver disease. A prophylactic dose of anticoagulants can be 
proposed at the beginning of pregnancy, and should be proposed after delivery, in 
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patients with vascular liver diseases who are not usually treated with anticoagulants. 
In patients already treated with anticoagulants, recommendations are extrapolated 
from those for patients with mechanical heart valves. The American College of 
Cardiology and American Heart Association guidelines recommend that patients 
planning a pregnancy can continue warfarin until pregnancy, but with a shift for hepa-
rin as soon as pregnancy is identified [41]. Warfarin and all Vitamin K antagonists 
must be switched to low molecular weight heparin before the sixth weeks of gestation 
as they cross placenta causing fetal hemorrhage, and fetal vitamin K-antagonist syn-
drome, especially between 6 and 12 weeks of gestation [42]. New direct oral antico-
agulants are contraindicated during whole pregnancy. Low molecular weight heparins 
are the only anticoagulant to be used for anticoagulation during pregnancy. Their 
potential advantages include the fact they do not cross the placental barrier which 
makes them considered safe for the fetus. Unlike other molecules, nadroparin cal-
cium or tinzaparin have the advantage of being administered in a single daily dose for 
therapeutic treatment. These measures to prevent the risk of thromboembolisms are 
combined with type-2 venous restraint.

Low-dose aspirin has been largely used and tested during pregnancy for the pre-
vention of preeclampsia and appears to be safe for the fetus [43]. The obstetrical 
history that could justify this prescription comprises more than three spontaneous 
miscarriages, pre-eclampsia <32 weeks of gestation and/or intrauterine growth retar-
dation <fifth percentile with a probable vascular origin (professional agreement). 
Maintenance of aspirin during pregnancy should be discussed on a case-by- case 
basis, with the lowest possible dosage, i.e. a maximum of 160 mg/day. In these situ-
ations, aspirin should be taken in the evening or at least 8 h after waking up (grade 
B), before 16 gestational weeks, at a dose of 100–160 mg/day (grade A). The use of 
aspirin at doses ≥500 mg/day beyond the beginning of the sixth month (24 weeks) is 
formally contraindicated due to an increased risk of fetal heart malformation.

 Management of Underlying Prothrombotic Disorders

If an underlying hematological disease exists, it has to be stabilized before concep-
tion. Hydroxycarbamide (hydroxyurea, Hydrea) treatment for myeloproliferative 
disorder is teratogenic in several animal species. Hydroxycarbamide is also a source 
of abnormalities in sperm parameters and a 3 month wash-out or a spermatogenesis 
cycle seems justified before considering conception. Interferon alpha can be pre-
scribed during pregnancy. A recent literature review identified 43 pregnant women 
with essential thrombocythemia treated with interferon alpha. In this study a 
decrease platelets count at birth and no adverse events that required the discontinu-
ation of treatment and 93% of healthy babies were observed [44]. There is no data 
on ruxolitinib in pregnancy.
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 Planning of Labor Phase and Birth

It has been common wisdom that peak increases in intra-abdominal pressure dur-
ing the active phase of labor increase the risk of variceal rupture. However, since 
abdominal pressure during labor increases in parallel with that of chest pressure, it 
is unlikely that the pushing efforts increase the risk of esophageal or gastric vari-
ceal rupture. Furthermore, reported cases of variceal hemorrhage closely linked to 
delivery are very few [45]. Among recent series of pregnancies in women with 
vascular disorders of the liver, there were four reported cases of variceal hemor-
rhage during 135 pregnancies, and only one occurred around delivery [17, 18, 22, 
24, 25]. The theoretical risks of vaginal delivery must then be weighed against 
those associated with cesarean section, which had formerly been proposed to cope 
with this theoretical risk. Bleedings from specific or nonspecific complications of 
portal hypertension (injury to porto-systemic collaterals, postoperative ascites and 
post-partum thromboembolism) have to be considered [46]. Thus, vaginal delivery 
with adequate analgesia and assistance in the active phase of labor is currently 
recommended by most authors and caesarian section reserved only for obstetrical 
indications [9]. Platelet counts generally considered as safe for delivery are over 
50,000  G/L for cesarean section, over 20,000  G/L for vaginal delivery, over 
75,000  G/L for epidural anesthesia and over 50,000  G/L for spinal anesthesia. 
Timing and mode of delivery should be based on a consensus between all the dis-
ciplines involved and the patient.

 Puerperium Period

Postpartum, the use of estrogen-derived oral contraceptives is contra-indicated due 
to its association with an increased risk of BCS and venous thromboembolism in 
women with previous thromboembolism [12]. Breastfeeding is possible with beta- 
blockers therapy and with warfarin but not with other vitamin K antagonists mole-
cules or direct oral anticoagulant [47]. Hydroxycarbamide (hydroxyurea, Hydrea) 
treatment is contra-indicated during breastfeeding.

In conclusion, although at heightened risk for mother and fetus, pregnancy is 
still feasible for women with vascular disorders of the liver if the liver disease is 
well controlled. These patients should be managed by a multidisciplinary medi-
cal team with experience in such diseases. Although the risk of miscarriage is 
heightened, a pregnancy reaching 20 weeks of gestation is very likely to end with 
the birth of a live baby.
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Chapter 16
Antithrombotic Therapy and Liver Disease

Massimo Primignani and Armando Tripodi

 Introduction

Vascular diseases of the liver affect the liver and/or the biliary system because of 
thrombotic or inflammatory disorders of the hepatic vasculature. In their primary 
form, rare but nowadays increasingly recognized, the liver/biliary damage is 
caused by the diseased vessels. More frequent is the secondary involvement of the 
hepatic vasculature by pre-existent liver or biliary diseases, or by vascular inva-
sion/compression by malignant or benign neoplasia or cysts. While several of the 
primary vascular disorders require anticoagulant treatment, the role of this treat-
ment in parenchymal liver disease with secondary vascular involvement is more 
controversial.

In this chapter, we will discuss the present knowledge on anticoagulation (or 
other antithrombotic drugs) in those primary vascular liver diseases in which such 
treatment is required, as the Budd-Chiari Syndrome (BCS) and acute/recent extra-
hepatic portal vein obstruction (EHPVO), or could be considered, as in chronic 
EHPVO, idiopathic non-cirrhotic portal hypertension/porto-sinusoidal vascular dis-
ease (INCPH/PSVD) and sinusoidal obstruction syndrome (SOS). In addition, we 
will discuss the current indications and warnings of anticoagulation in patients with 
cirrhosis and portal vein thrombosis.
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 Primary Vascular Liver Diseases Requiring 
Anticoagulant Treatment

 Budd-Chiari Syndrome/Hepatic Outflow Tract 
Obstruction (BCS)

BCS is an eponym for hepatic venous outflow tract obstruction, which can be 
located from the level of the small hepatic veins to the level of the termination of 
inferior vena cava into the right atrium. Primary BCS is a rare, life threatening 
thrombotic disorder. The high rate of thrombophilia (defined as the presence of 
inherited or acquired prothrombotic hemostasis defects) in BCS motivates the wide-
spread indication for anticoagulant therapy. Although the lack of randomized stud-
ies, due to the rarity of the disease, cohort studies clearly show that an early 
implementation of anticoagulation may prevent thrombosis progression, possibly 
achieves vein recanalization and improves survival [1–5]. Long-term anticoagula-
tion is mandatory and applies to all patients, although the evidence for BCS patients 
without identified thrombophilia is inconclusive [6].

Besides long-term anticoagulation, angioplasty/thrombolysis, transjugular intra-
hepatic portosystemic shunt (TIPS) and liver transplantation are the ensuing recom-
mended steps in the management of BCS. Anticoagulation should be maintained 
also in patients ultimately undergoing orthotopic liver transplantation (OLT). In 
fact, BCS recurrence after OLT, common in the past, has dropped since the early 
implementation and long-term maintenance of anticoagulation after OLT [7].

Low molecular weight heparin (LMWH) and vitamin K antagonists (VKA) are 
the traditional, commonly used antithrombotic drugs in BCS.  A treatment with 
LMWH followed by VKA targeting at an international normalized ratio (INR) of 
2–3 has been shown to achieve a 89% 5-year survival rate [8].

An incidence up to 14% of heparin-induced thrombocytopenia (HIT) has been 
observed in vascular liver diseases, which is higher than that observed in venous 
thromboembolism, particularly in BCS patients with underlying myeloproliferative 
neoplasms [9, 10]. Because unfractioned heparin (UFH) and (to a lesser extent) 
LMWH can provoke HIT [10] close surveillance of the platelet count during hepa-
rin treatment, either with UFH or LMWH, is needed [9–11]. If during treatment, 
platelet count is reduced >50% and /or other features (i.e., clinical signs or physical 
examination) suggest the occurrence of HIT, heparin administration must be stopped 
and replaced by other, non-heparin anticoagulants, such as argatroban or danapa-
roid. Argatroban is preferred in patients with renal insufficiency [12]. Fondaparinux, 
that is not associated with HIT, is a good choice, especially in stable, non-critically 
ill patients [13]. Bleeding is a feared adverse event in BCS patients undergoing 
anticoagulant therapy. The incidence of major bleeding in BCS patients on antico-
agulants has been shown to be as high as 22.8 per 100 patient years, markedly 
higher than that observed in anticoagulated patients with deep vein thrombosis of 
the lower limbs [14]. Esophageal varices and invasive therapeutic procedures appear 
to account for such high bleeding rate [14]. Nonetheless, anticoagulation remains 
strongly recommended in BCS.  Current guidelines recommend treating portal 
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hypertension, which is a major risk factor for bleeding while excess anticoagulation 
plays a secondary role [6]. Consequently, portal hypertensive bleeding should be 
prevented (by non-selective beta blocking agents or endoscopic band ligation) or 
treated as it is done in cirrhosis [6]. Previous history of portal-hypertensive bleeding 
is not a contra-indication for anticoagulation, if adequate prophylaxis for recurrent 
bleeding is implemented. Data on thrombolysis are scarce. Major bleedings and 
limited recanalization rates are reported. Therefore, systemic thrombolysis is not 
generally recommended in patients with BCS. Transcatheter, local thrombolysis is 
sometimes used together with angioplasty/stenting of short segment stenosis in the 
hepatic veins [15, 16]. No recommendation can be presently made on direct oral 
anticoagulants (DOAC)  and anti-platelet drugs due to the limited available data. 
This issue is discussed in the last section of this chapter.

 Extrahepatic Portal Vein Obstruction (EHPVO)

 Acute/Recent EHPVO

Recent formation of thrombi within the portal vein and/or right or left branches 
defines acute EHPVO. Thrombi may extend into the mesenteric or splenic veins and 
occlusion may be complete or partial. Therapy is aimed at preventing the extension 
of thrombosis to mesenteric veins, thus preventing intestinal infarction, and achiev-
ing vein recanalization [17, 18]. Both these aims can be achieved by early antico-
agulation therapy. In a prospective European study [19], the extension of thrombosis 
to the superior mesenteric vein was prevented in those patients who had an early 
start of anticoagulation. Indeed, only 2/95 cases of limited intestinal infarction were 
observed, although 60% of patients had initial involvement of the superior mesen-
teric vein. While spontaneous recanalization of symptomatic acute/recent primary 
EHPVO is quite rare in patients not receiving anticoagulation, and only occurs 
when associated with self-limiting underlying pathology and/or minimal thrombus 
extension [20], recanalization of the portal, splenic and superior mesenteric veins 
was achieved in 39%, 80%, and 73% of anticoagulated patients, respectively [19]. 
Extension of thrombosis to the splenic vein and ascites, even minimal at baseline, 
were associated with the absence of recanalization of the portal vein. In addition, it 
has been observed that delayed initiation of anticoagulation impacts negatively on 
the recanalization rate [21]. Recanalization of the portal vein does not appear to 
occur beyond the sixth month of anticoagulation treatment. These findings confirm 
the results of previous retrospective studies [21–23]. Therefore, expert consensus 
recommend anticoagulation for at least 6 months in acute EHPVO [6]. Nonetheless, 
mesenteric vein thrombosis may recanalize even after more than 6  months. 
Therefore, decision on the optimal duration of anticoagulation should be made on a 
case-by-case basis, weighting the benefits of a possible improvement of the patency 
of the porto-mesenteric axis and the risks of prolonged anticoagulation. However, if 
an underlying persistent prothrombotic defect is recognized, long-term anticoagula-
tion should be considered, and is generally recommended [6]. In most studies, 
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anticoagulation was mainly based on UFH or LMWH given at therapeutic doses 
and LMWH has been replaced by VKA targeted at an INR from 2 to 3. In the pro-
spective European study, UFH and LMWH were used in 25% and 65% of patients, 
respectively [19]. As in BCS, HIT has been shown to occur in up to 20% of EHPVO 
patients treated with UFH, which is a much higher rate compared to HIT in patients 
without EHPVO [11]. Consequently, UFH should be no longer indicated in the 
treatment of acute EHPVO. Such an incidence is probably lower, though not negli-
gible in patients treated with LMWH, particularly in those with underlying myelo-
proliferative neoplasms [9–11].

As far as bleeding is concerned, the prospective European study reported a 9% 
bleeding rate in patients on anticoagulation, and a 2% mortality rate. The latter was, 
however, unrelated to bleeding or EHPVO [19]. Current consensus guidelines rec-
ommend early treatment with LMWH at therapeutic dose and switching to VKA in 
stable patients, targeting an INR from 2 to 3 [2, 6, 7]. Data on DOAC are encourag-
ing, though still limited [24–27].

 Thrombolysis in Recent EHPVO

Treatment of acute EHPVO with local thrombolysis, via the transjugular or the 
transhepatic approach, has been reported in small cohorts or case reports. 
Recanalization rates vary considerably, ranging from 15 to 60%, not different from 
those achieved with anticoagulation alone, but with an incidence of bleeding events 
up to 60% [16, 28, 29], and fatal outcome in some cases [16, 29, 30]. Although the 
transjugular approach might be associated with fewer complications, data are still 
limited. Since most patients treated with early anticoagulation have good clinical 
outcomes, even failure of recanalization does not warrant thrombolysis in most 
cases [2, 6, 7]. Thrombolysis should be cautiously used, in selected cases, i.e. symp-
tomatic EHPVO with progressive extension of thrombosis and/or signs of mesen-
teric ischemia, despite anticoagulation. In such cases, local thrombolysis appears to 
be safer and more effective than systemic thrombolysis [31]. Furthermore, new 
interventional techniques, combining local thrombolysis and mechanical thrombec-
tomy may add to the effective treatment of patients with acute mesenteric vein 
thrombosis, particularly in OLT candidates [32, 33].

 Chronic Extrahepatic Portal Vein Obstruction (EHPVO) 
Non-Cirrhotic, Nonmalignant

Following acute EHPVO, in the absence of portal vein recanalization, porto-portal 
collaterals veins develop around/inside the thrombus, to bypass the obstructed ves-
sel. Such cavernomatous transformation of the portal vein begins within few days, 
as a compensatory mechanism to bypass the obstructed vessel, but is unable to 
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normalize blood flow and prevent portal hypertension. Gastroesophageal varices 
may develop as early as one month after the acute episode and such changes involve 
a significant risk of severe gastrointestinal bleeding. However, patients with primary 
chronic EHPVO frequently carry one or more persistent prothrombotic risk factors, 
leading to an increased risk of recurrent thrombosis [22, 34]. Therefore, the proper 
management of chronic EHPVO requires careful weighting of the opposite risks of 
thrombosis and bleeding.

No randomized studies on anticoagulant therapy in patients with chronic EHPVO 
exist. Evidence for a favorable benefit/risk ratio of anticoagulation in these patients 
is low and stems from cohort studies, reporting a reduced risk of thrombosis recur-
rence. At multivariate analysis, long-term anticoagulation was identified as an inde-
pendent factor of decreased risk of recurrent thrombosis in one study [34] and 
borderline in another [35]. As for the bleeding risk in patients with chronic EHPVO 
receiving anticoagulation, it appears to depend more on whether primary prophy-
laxis for portal hypertensive bleeding was [22, 34] or was not [35] performed, rather 
than on anticoagulation itself. Moreover, if bleeding occurs, its severity appears to 
be similar in patients with or without anticoagulation [34]. Overall, multivariate 
analysis indicated a favorable impact of anticoagulation therapy on survival with a 
statistically significant decrease in mortality rate in one study [36], and a non- 
significant decrease in the other [35].

International guidelines recommend long-term anticoagulant therapy in patients 
with chronic EHPVO and a persistent documented thrombophilia, as well as those 
with recurrent thrombosis or intestinal infarction, while in patients without under-
lying prothrombotic conditions there is little information to recommend anticoagu-
lant therapy. In patients with gastroesophageal varices, anticoagulation should be 
started after adequate portal hypertensive bleeding prophylaxis is implemented 
[2, 3, 37].

The Baveno VI Consensus Statements [6] on the use of antithrombotic drugs in 
primary vascular liver disease are listed below [Levels of existing evidence ranked—
and recommendations graded—according to the Oxford System*]

Use of Anticoagulants and Anti-Platelet Drugs in Vascular Liver Diseases: 
Baveno VI Consensus Statements
__________________________________________________________________
__________

• Low Molecular Weight Heparin (LMWH) and Vitamin K Antagonists (VKA) are 
widely accepted and used in primary thrombosis of the portal venous system or 
hepatic venous outflow tract [1b; A].

• No current recommendation can be made on Direct Oral Anticoagulants 
(DOACs) and anti-platelet drugs due to limited data [5;D].

Anticoagulation in Budd-Chiari-Syndrome ___________________________
__________________________________________________

• Long-term anticoagulation should be given to all patients, although there is no 
definitive evidence for patients without identified risk factors (5;D).
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• Portal hypertension should be treated since it is the major risk factor for bleed-
ing, while excess anticoagulation plays a secondary role (4;C).

• Previous bleeding related to portal hypertension is not considered a major contra- 
indication for anticoagulation, provided appropriate prophylaxis for recurrent 
bleeding is initiated (4;C).

Anticoagulation in recent EHPVO
_______________________________________________________________

______________

• Recent EHPVO rarely resolves spontaneously (3a,A).
• Low molecular weight heparin should be started immediately followed by oral 

anticoagulant therapy (2b;B). Most patients treated with early anticoagulation 
have a good clinical outcome. Therefore, even failure of recanalization do not 
warrant further interventions (e.g. local thrombolysis) in most cases (2b;B).

• Anticoagulation should be given for at least six months. When an underlying 
persistent prothrombotic state has been documented long-term anticoagulation is 
recommended (1b;A).

Anticoagulation in chronic EHPVO

• In patients without underlying prothrombotic disease, there is scarce information 
to recommend anticoagulant therapy (5;D).

• In patients with a persistent documented prothrombotic state, recurrent thrombo-
sis or intestinal infarction long-term anticoagulant therapy is recom-
mended (3b;B).

• Anticoagulation should be started after adequate portal hypertensive bleeding 
prophylaxis has been initiated (5;D).

_______________________________________________________________
___________

* http://www.cebm.net/downloads/Oxford_EBM_Levels_5.rtf

 Idiopathic Noncirrhotic Portal Hypertension/Porto-Sinusoidal 
Vascular Disease

Idiopathic noncirrhotic portal hypertension (INCPH) is characterized by the occur-
rence of portal hypertension in the absence of liver cirrhosis and other known causes 
of noncirrhotic portal hypertension [38]. The new proposed term “Porto-Sinusoidal 
Vascular Disease” (PSVD), that better highlights the assumed pathophysiology of 
parenchymal vascular obstruction, includes the histopathological features of oblit-
erative venopathy, even in the absence of portal hypertension, as possible different 
stages or a different expression of the same disease.

The rationale for anticoagulation therapy in INCPH/PSVD, relies on the histo-
logic findings of parenchymal vascular obstruction, the reported frequency of 

M. Primignani and A. Tripodi

http://www.cebm.net/downloads/Oxford_EBM_Levels_5.rtf


255

thrombophilia, as high as 40%, in Western countries [39], and the higher incidence 
of EHPVO as compared to cirrhosis patients, particularly in those with a concomi-
tant HIV infection [40]. Indeed, the occurrence of EHPVO worsens the prognosis of 
these patients and may jeopardize liver transplantation if extended to the splenic and 
mesenteric veins. Moreover, after the occurrence of acute EHPVO, the implementa-
tion of anticoagulant therapy appears to achieve portal vein recanalization in only 
half the patients with INCPH/PSVD [41], thus suggesting that prevention of EHPVO 
by prophylactic anticoagulation might be a better option than its treatment at the 
time of occurrence. However, although attractive, anticoagulation therapy cannot be 
generally recommended in INCPH/PSVD, given the lack of controlled studies and 
the fact that portal hypertensive bleeding is the main complication of the disease. 
Current expert recommendations consider anticoagulant treatment only in patients 
with clear underlying prothrombotic defects or in patients who develop 
EHPVO. Randomized studies of anticoagulant therapy in PSVD patients are war-
ranted. Whether anticoagulant treatment could prevent the progression of disease 
and the development of portal hypertension in PSVD patients without portal hyper-
tension is also unknown and needs evaluation in prospective studies.

 Sinusoidal Obstruction Syndrome (SOS)

Sinusoidal obstruction syndrome (SOS) (previously known as veno-occlusive dis-
ease) is a severe vascular liver disease, characterized by sinusoidal nonthrombotic 
obstruction [2] (see also the in-depth review in Chap. 11). Toxicity from chemothera-
peutic regimens used in the workup for stem cell transplantation is the leading cause 
of SOS. Other causes include several chemotherapeutic agents used in adjuvant or 
neo-adjuvant treatments of solid cancer, or immunosuppressors used in the context of 
organ transplantation or inflammatory bowel diseases. Recognition of risk factors and 
reduction of the intensity of myeloablative regimens, if possible, may help to prevent 
SOS, but such adjustments require a careful evaluation of the risk/benefit ratio.

Defibrotide (a mixture of oligodeoxyribonucleotides extracted from porcine 
intestinal mucosal DNA with antithrombotic, fibrinolytic and angiogenic proper-
ties) has demonstrated beneficial effects for SOS prophylaxis in a randomized study 
of pediatric hematopoietic stem-cell transplantation [42]. Defibrotide was also eval-
uated in patients with SOS in four studies [43–46] achieving a 32–65% survival at 
day 100, without bleeding complications, but no firm conclusions can be drawn 
from the pooled analysis of these studies, due to methodological flaws and hetero-
geneity. Conversely, a meta-analysis of 12 studies in patients undergoing hemato-
poietic stem cell transplantation showed that prophylaxis with heparin was unable 
to decrease the risk of SOS [47].

Overall, the use of defibrotide for preventing SOS in patients undergoing hema-
topoietic stem cell transplantation is currently recommended. The role of other anti-
coagulant therapies, in either the prophylaxis or treatment of patients with SOS 
requires further studies [2].
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 Antithrombotic Therapy in Parenchymal Liver Disease 
with Secondary Vascular Involvement

 Portal Vein Thrombosis (PVT) in Patients with Cirrhosis

Recent data [48] indicate that cirrhosis is not an acquired bleeding diathesis, as his-
torically believed because of the frequent finding of prolonged prothrombin time 
(PT), activated partial thromboplastin time (aPTT), and thrombocytopenia. Indeed, 
the decreased levels of procoagulant proteins justify the worsening of such classical 
coagulation tests as the PT and aPTT. However, global tests of hemostasis, as the 
endogenous thrombin potential, able to take into account also the effect of the anti-
coagulants (mainly protein C) also synthesized by the liver and decreased in advanced 
disease, show that the hemostatic system is rebalanced in cirrhosis, although frailer 
than in healthy individuals. Further developments of research have demonstrated a 
procoagulant imbalance in cirrhotic patients, likely due to high levels of factor VIII 
(procoagulant driver) combined with decreased levels of protein C (anticoagulant 
driver) [48], thus reversing the previous paradigm of cirrhosis as the epitome of spon-
taneous auto-anticoagulation. Indeed, portal vein thrombosis is a well-known com-
plication of cirrhosis, particularly in the setting of advanced disease. Likewise, 
venous thromboembolism in the lower limbs and in the lung also occurs in cirrhosis, 
apparently at an even higher rate than in non-cirrhotic individuals [49, 50]. Based on 
such clinical and laboratory evidence, anticoagulation treatment is no longer consid-
ered as a contraindication in patients with cirrhosis, who present with thrombosis. In 
addition, animal models of acute or chronic liver failure [51–54], and growing clini-
cal data [55–59] suggest that antithrombotic treatment slows down progression of 
liver disease and decrease the rate of adverse events related to portal hypertension.

The occurrence of PVT in the course of cirrhosis has been regarded as a determi-
nant of severe prognosis [60, 61] since it is assumed to impair liver perfusion, dete-
riorate liver function [55, 59–61] and has been shown to worsen the severity of 
variceal bleeding at the time of occurrence [60]. Further reasons supporting antico-
agulation in cirrhosis patients with PVT are the risk of intestinal infarction with the 
progression of thrombosis into the superior mesenteric vein [62], the increased mor-
tality of patients with occlusive PVT listed for liver transplantation [59] and the 
increased mortality post liver transplant in patients with occlusive PVT [63]. The 
favorable effect of anticoagulant treatment, either LMWH or VKA, is suggested by 
several cohort studies that included 226 patients, most with partial PVT. Repermeation 
rate ranged from 55% to 75% with the higher rates occurring in patients with partial 
PVT. Time interval between diagnosis of PVT and start of anticoagulation treatment 
less than 6 months seems to be the most important predictor of the chance of 
response to treatment [64].

Another issue refers to the recurrence of PVT after the achievement of reperme-
ation of the portal vein. Recurrence has been reported in up to 38% of cases few 
months after the discontinuation of anticoagulation, if treatment had been stopped 
soon after repermeation of the portal vein [65]. This observation suggests that 
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prolonging anticoagulation treatment after repermeation of the portal vein may prevent 
thrombosis recurrence. Overall, bleeding complications occurred in 17/226 (7.5%) 
patients and correlated with portal hypertension in eight cases. A multicenter study 
showed a correlation between platelet counts less than 50 × 109/L and bleeding risk 
[66]. Finally, two meta-analyses confirm that anticoagulant therapy improves the rate 
of portal vein recanalization and prevents PVT progression in such patients [67, 68].

However, in real-world clinical practice, the implementation of anticoagulation 
for the management of PVT in cirrhosis is limited by the perceived risk of bleeding 
and, more importantly, by the still controversial findings on the impact of portal vein 
recanalization on the clinical outcome. As for the first issue, several reports suggest 
that anticoagulation with VKA does not increase the risk of portal hypertensive 
bleeding, compared with patients with cirrhosis non taking these anticoagulants, if 
patients receive adequate prophylaxis of variceal hemorrhage [6, 56, 69]. Rather, it 
appears that VKA increase the risk of minor bleeding, compared with patients with-
out cirrhosis [69]. Moreover, at least in patients who achieve complete portal vein 
recanalization, both transplantation-free survival and portal hypertension-related 
event-free times appear to be increased [69]. Such benefits of anticoagulation, 
beyond the resolution of portal vein thrombosis, confirms the data of a randomized 
trial in which a daily prophylactic administration of LMWH to patients with com-
pensated cirrhosis delayed hepatic decompensation [28], and support the hypothesis 
of intrahepatic thrombosis as a contributor to the progression of the disease. However, 
these findings are questioned by a recent study by Nery et al. [70] who found a high 
rate of spontaneous recanalization and the lack of clinical deterioration associated 
with PVT in a large cohort of patients with cirrhosis and PVT (mostly partial PVT). 
Therefore, the role of PVT in the course of liver cirrhosis is still controversial, 
although most experts agree that occlusive portal vein thrombosis worsens cirrhosis 
outcome. Randomized clinical trials will assess the benefit/risk ratio of anticoagula-
tion for preventing or treating PVT in cirrhotic patients. At present, anticoagulant 
treatment in cirrhosis, with LMWH or VKA is recommended for patients with PVT 
listed for liver transplantation or symptomatic and progressive PVT [6, 7, 71].

The Baveno VI Consensus Statements [6] on the management of portal vein 
thrombosis in cirrhosis are listed below.

Anticoagulation and Portal Vein Thrombosis (PVT) in Cirrhosis. Baveno VI 
Consensus Statements
__________________________________________________________________
__________________________________________________________________
____________________________________________

(Levels of existing evidence ranked - and recommendations graded - according 
to the Oxford System* (i.e.: level of evidence from 1 = highest to 5 = lowest; grade 
of recommendation from A = strongest, to D = weakest)

• Screening for PVT is indicated in patients on the waiting list for liver transplant 
every 6 months (5;D).

• Anticoagulation should be considered in potential candidates with thrombosis of 
the main portal vein trunk or progressive PVT (3a;B).
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• In this setting, the goal is to permit/facilitate LT and reduce post-transplant mor-
tality/morbidity, and anticoagulation should be maintained until transplantation 
to prevent re-thrombosis (4;C).

• In untreated potential LT candidates with PVT, an imaging follow-up every 
3 months is recommended. Anticoagulation is recommended in case of progres-
sion (5;D).

• In non-candidates to LT no recommendation regarding anticoagulation treatment 
can be made at present. Anticoagulation could be considered in selected cases 
(extension to superior mesenteric vein, known “strong” prothrombotic condi-
tions) (5;D).

• Patients with low platelet count (e.g. <50 × 109/L) are at higher risk of both PVT 
and bleeding complications under anticoagulation and require more caution (5;D)

• The benefit/risk ratio of anticoagulation for preventing or treating PVT in cir-
rhotic patients requires further randomized controlled trials (RCTs) (5;D).

• LMWH and VKA appear to be equally effective in cirrhotic individuals with 
PVT. Data on DOAC are scarce. There is an urgent need for improved tools for 
monitoring anticoagulation in cirrhotic patients. Measurement of thrombin gen-
eration might be an option (5; D).

______________________________________________________________
__________

* http://www.cebm.net/downloads/Oxford_EBM_Levels_5.rtf

 Anticoagulant Drugs: Mechanism of Action and Management

The anticoagulant drugs used to prevent or treat thrombosis (PVT or peripheral 
thrombosis) in patients affected by liver disease are the same as those used for non- 
liver disease patients and include UFH, LMWH, fondaparinux, VKA and 
DOAC.  Dosages and management are similar to those used in non-liver disease 
patients. However, patients with cirrhosis, because of their impaired synthetic 
capacity, could theoretically represent a challenge both for dosage and manage-
ment. The following paragraphs describe the most important issues that are related 
to the use of these drugs in patients with cirrhosis.

Unfractionated Heparin  UFH is a fast-acting anticoagulant that is adminis-
tered by intravenous injection and inhibits factor Xa and thrombin upon complex-
ing with endogenous antithrombin. When used to treat acute thrombosis, UFH 
requires dose- adjustment by the activated partial thromboplastin time (APTT) 
aimed at a clotting time prolongation from 1.5 to 2.5-fold the baseline value. In 
cirrhotic patients, antithrombin is reduced and the APTT is often prolonged 
beyond the upper limit of the normal range. These features together with the asso-
ciated risk of HIT and osteoporosis make clinicians reluctant to use UFH in 
cirrhosis.
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Low Molecular Weight Heparin  LMWH is a fast-acting anticoagulant that is 
administered by subcutaneous injection and inhibits factor Xa and to a lesser extent 
thrombin. Like UFH, LMWH requires antithrombin, but can be used at fixed body 
weight adjusted dose without laboratory testing, except for patients with renal fail-
ure, pregnancy or obesity. Whenever dose-adjustment is needed, the method of 
choice should be the anti-factor Xa activity adjusted to correspond from 0.6 to 
1.0 IU/mL. LMWH is frequently used in patients with cirrhosis in spite of the fact 
that there is no firm evidence on the dose required to achieve full protection in this 
population. When used at prophylactic or therapeutic dose, LMWH proved effective 
in preventing [57] or treating ongoing PVT [66] even in patients with cirrhosis. 
LMWH carries less risk of HIT or osteoporosis than UFH.

Fondaparinux This is a synthetic penta-saccharide, representing the least mono-
saccharide sequence able to bind antithrombin. Fondaparinux is administered by 
subcutaneous injection and inhibits specifically factor Xa. It is used for prophylaxis 
or treatment at fixed dose without adjustment by laboratory testing and does not 
carry the risk of HIT.

Vitamin K Antagonists  VKA (warfarin and congeners) are anticoagulants, which 
upon oral administration slow down the post ribosomal carboxylation of vitamin K 
dependent coagulation factors IX, VII, X, II, protein C and protein S. VKA are slow 
acting anticoagulants (full effect is achieved after approximately one week from the 
first ingestion) and require dose-adjustment by testing periodically the prothrombin 
time (PT) with results expressed as international normalized ratio (INR). Dose- 
adjustment should be aimed to achieve the therapeutic interval from 2.0 to 3.0 INR 
units (target 2.5). VKA are effective anticoagulants, but are variably affected by the 
diet and additional drugs that are concomitantly taken by patients. Their effective-
ness/safety is dependent on the time for which the patient is maintained within the 
therapeutic interval. In patients with cirrhosis, the PT-INR as a scale of the degree 
of anticoagulation represents a challenge that has not yet been entirely resolved. The 
baseline PT is often abnormal in cirrhosis and therefore it is uncertain whether the 
VKA dosage required to attain its target prolongation is the same as that used for 
patients with normal baseline PT. In a recent study, it was however shown that cir-
rhotic patients on VKA because of PVT have taken the same weekly dosage as the 
control population of non-cirrhotic patients [72]. An additional unresolved issue is 
the fact that the INR has been devised as an universal scale to harmonize PT results 
stemming from different commercial thromboplastins. This system of harmoniza-
tion requires the determination of the international sensitivity index (ISI) for each 
thromboplastin, relative to an international thromboplastin standard. The ISI is 
determined by testing plasma from patient on VKA. The coagulation defect induced 
by VKA is qualitatively different from that induced by cirrhosis. Therefore, doubts 
have been cast on the validity of the regular INR when used for patients with cir-
rhosis [73, 74]. A modified system of INR calibration (tentatively called INRliver) 
has been proposed, but not implemented yet [75]. It is therefore uncertain whether 
the regular INR scale, as determined with commercial thromboplastins, is truly rep-
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resentative of the level of anticoagulation achieved by VKA in patients with cirrho-
sis. Until more information will be available, it is advised that whenever cirrhotic 
patients need VKA, the dosage should be such to attain a therapeutic interval from 
to 2.0 to 3.0 INR as for non-cirrhotic patients.

Direct Oral Anticoagulants  These drugs, at variance with heparins or VKA, tar-
get activated coagulation factors without intermediation from antithrombin or car-
boxylation. Currently there are four DOAC that have been approved by FDA and 
EMA for treatment/prevention of VTE and prevention of ischemic stroke and sys-
temic embolism in patients with atrial fibrillation. They include dabigatran (a 
thrombin inhibitor), rivaroxaban, apixaban and edoxaban (factor Xa inhibitors). An 
additional DOAC, betrixaban is currently under evaluation from FDA and EMA for 
the prophylaxis of VTE in hospitalized ill patients. Phase III clinical trials showed 
that DOAC are effective/safe when used at fixed unadjusted dose based on patients’ 
characteristics. Patients with cirrhosis have been deliberately excluded from the 
DOAC registration trials. Hence, information on their efficacy/safety in this setting 
is scanty and limited to few observational studies [27, 76–78] or case reports 
[79–84].

Regarding primary vascular disorders of the liver, as recent EHPVO or portal 
vein cavernoma and BCS, the experience with DOAC is still limited, though it 
appears that the adverse events, including major and minor bleeding events and 
the failure of anticoagulation (thrombosis progression or recurrence), are compa-
rable between DOAC and traditional anticoagulants. Conversely, more experience 
has been accumulated, though mainly in retrospective studies, on the efficacy/
safety of DOAC in patients with cirrhosis (requiring anticoagulation mostly 
because atrial fibrillation or deep vein thrombosis [27, 76, 85]. A first systematic 
review and meta-analysis to evaluate the safety of DOAC compared with warfarin 
or low- molecular weight heparin [86] did not show a significant difference in both 
all- cause bleeding (risk ratio 0.72; 95% CI, 0.32–1.63) and major bleeding (odd 
ratio 0.46; 95% CI, 0.10–2.09). A further recent meta-analysis, including a quite 
large number of patients, suggest that DOAC, as compared to VKA, reduced the 
incidence of major bleeding by 61%, without any difference in the incidence of 
gastrointestinal bleeding, and irrespective to Child-Pugh score or the presence of 
esophageal varices [87]. Overall, these real world data suggest that, compared to 
VKA, DOAC may be equally effective in cirrhotic patients, with less bleeding 
events. Focusing particularly on PVT patients with cirrhosis, a recent, relatively 
small randomized, not blinded trial, including 80 cirrhotic patients with PVT ran-
domly assigned (1:1) to receive rivaroxaban 10 mg/12 h or warfarin showed that 
such relatively small doses of rivaroxaban achieved higher resolution rates of PVT 
and improved short-term survival rate, without hemorrhagic effect or other adverse 
events [88]. A meta-analysis on the use of anticoagulation in PVT patients with 
cirrhosis demonstrated that anticoagulation was effective and safe as compared to 
controls and pooled rates of treatment responders and bleeding events were simi-
lar between LMWH, VKA, and DOAC [89]. Overall, a small randomized trial, 
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several retrospective studies and meta-analysis nowadays suggest that DOAC can 
be used in patients with splanchnic vein thrombosis, both cirrhotic and non- 
cirrhotic. However, high quality, large clinical trials are needed and more data 
concerning the optimal dose of DOAC and which DOAC could be preferable 
according to the severity of liver disease are still awaited. DOAC are in principle 
much more suitable than LMWH or VKA. At variance with heparins, DOAC do 
not require antithrombin and at variance with VKA, they can be used at fixed dose 
without dose adjustment by laboratory testing. Hence, circumventing the validity 
of the INR.
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Chapter 17
Hemostatic Disorders and the Liver

Ton Lisman

 Liver Diseases and Hemostatic Disorders

 Hemostatic Changes in Liver Disease

The liver is a crucial component of the hemostatic system. It is the site of synthesis 
of the majority of proteins involved in clot formation, regulation of coagulation, and 
fibrinolysis. In addition, the liver synthesizes thrombopoeitin, a hormone that regu-
lates production of platelets. In patients with advancing liver disease, major changes 
in the hemostatic system are frequently present [1]. Such changes include thrombo-
cytopenia, decreased plasma levels of pro- and anticoagulant proteins, and decreased 
plasma levels of fibrinolytic proteins. In addition, elevated plasma levels of a dis-
crete number of hemostatic proteins that are not synthesized by hepatocytes, but by 
vascular endothelial cells, are frequently present. Such proteins include the platelet 
adhesive protein von Willebrand factor, and the fibrinolytic components tissue-type 
plasminogen activator, and plasminogen activator inhibitor type 1.

Hemostatic alterations in patients with liver diseases are likely not only due to 
defective hepatic synthesis and increased endothelial cell activation. Continuous 
consumption of hemostatic factors by low-grade activation of hemostasis likely 
contributes [2]. Such low-grade hemostatic activation may be systemic and induced 
for example by activated endothelial cells that may activate platelets, and express 
the natural activator of coagulation, tissue factor (TF) supporting thrombin and 
fibrin generation. Alternatively, activation of hemostasis may occur within the liver. 
Intrahepatic activation of hemostasis may occur by activation hepatic TF.  In a 
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healthy liver TF is expressed by hepatocytes, but is in a conformation that is not able 
to support coagulation activation—this non-coagulant form of TF is referred to as 
‘cryptic’ TF. Upon liver injury, hepatic TF can become ‘decrypted’ and as such sup-
port activation of coagulation within the liver [3]. The generation of mice with a 
liver-specific deletion of TF has unequivocally demonstrated a role for hepatic TF 
decryption in thrombus formation within the liver and it has been suggested that 
hepatic TF contributes to the hypercoagulable status of a liver disease patient [4]. In 
addition, exposure of hepatic collagen may also result in intrahepatic activation and/
or deposition of platelets, which in turn can support propagation of coagulation.

 The Concept of Rebalanced Hemostasis

Regardless of the exact causes of the profound hemostatic changes of a patient with 
liver disease, an important question regards the net effect of all these changes for the 
hemostatic balance. Historically, it has been generally assumed that the hemostatic 
changes in a patient with liver disease caused a bleeding disorder. Indeed, bleeding 
in these patients is common, both spontaneously (e.g., variceal bleeding), and 
procedure- related (notably during liver transplantation). Besides the fact that clini-
cal bleeding is common, routine diagnostic tests of hemostasis in patients with liver 
disease suggest a hypocoagulable state, with thrombocytopenia and prolongations 
in clotting tests such as the prothrombin time and activated partial thromboplastin 
time. The combination of these findings has led to the long-held dogma that liver 
diseases are associated with a hemostatic defect causing bleeding. However, multi-
ple observations in the clinical setting and various research laboratories have led to 
a drastic change in this dogma.

From a laboratory perspective, the platelet count and PT/APTT are unsuitable to 
assess the hemostatic status in patients with complex hemostatic disorders [5]. First, 
although patients with liver disease frequently are thrombocytopenic, the low plate-
let count appears to be counteracted, at least in part, by highly elevated levels of the 
platelet adhesive protein von Willebrand factor (VWF) and decreased levels of the 
VWF-cleaving protease ADAMTS13 [6, 7]. As such, the thrombocytopenia should 
not be valued in isolation, but in the context of the functionality of the VWF/
ADAMTS13 axis. Second, the PT and APTT are insensitive for plasma levels of 
natural anticoagulant proteins. Prolongation of the PT and/or APTT therefore only 
indicate that there are defects or deficiencies in procoagulant proteins. However, in 
patients with liver disease there is a simultaneous decline in pro- and anticoagulant 
proteins. When using a laboratory test that is sensitive for the levels of all pro- and 
anticoagulant proteins, it becomes clear that the coagulation system in patients with 
liver diseases is as competent of that of healthy individuals [8], or perhaps even 
hypercoagulable [9–13]. Thrombomodulin-modified thrombin generation testing 
by calibrated automated thrombinography is currently the test of choice in the 
research laboratory to assess functionality of the coagulation system in individuals 
with complex hemostatic changes.
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From a clinical perspective, it needs to be acknowledged that although variceal 
bleeding is a common complication of chronic liver disease, it is unrelated to hemo-
static failure but rather a consequence of portal hypertension and the fragility of the 
varix [14]. In addition, although bleeding during liver transplantation was profound 
and often massive in the early days of liver transplantation [15], over time there has 
been a substantial decline in bleeding and blood product transfusion during the 
procedure. Nowadays, it is possible to perform liver transplantations without the 
requirement for any blood product transfusion in a proportion of patients [16], 
which questions the notion that the transplant recipient has an overt bleeding disor-
der. Finally, in contrast to historic belief, patients with liver diseases are not ‘auto- 
anticoagulated’ and therefore protected from thrombotic disease. In contrast, it has 
now been well established that liver diseases are a risk factor for development of 
thrombotic disease, most notably venous thrombosis and portal vein thrombosis.

Collectively these and other laboratory and clinical observations have led to the 
concept of ‘rebalanced hemostasis’ [17, 18]. This concept states that the ‘average’ 
patient with liver disease is in hemostatic balance due to a concomitant decline in pro- 
and anticoagulant drivers. The new, reset, hemostatic balance of patients with liver 
disease, however, is less stable that the hemostatic balance in healthy individuals, 
explaining why both bleeding and thrombotic complications are common. Factors that 
may tip the balance towards hypo- or hypercoagulability are poorly understood, but 
may include infection, renal failure and decompensation [19, 20]. A careful inspection 
of the hemostatic system of both the well compensated as the decompensated patient 
with liver disease reveals that although the net result of all hemostatic changes is a 
rebalanced system, there are clear hypo- and hypercoagulable features that within the 
hemostatic balance may contribute to development of bleeding or thrombosis.

 Hypercoagulable Features

Although the concept of rebalanced hemostasis has helped change the dogma of liver 
diseases as a bleeding disorder, it may be an oversimplification. It will likely be help-
ful to consider the specific hypo- and hypercoagulable features within the rebalanced 
system in understanding thrombotic and bleeding complications, and ways to treat or 
prevent these. Hypercoagulable features that may contribute to thrombotic disease 
include (1) platelet hyperreactivity, (2) enhanced thrombin generating capacity, (3) a 
prothrombotic fibrin structure, (4) increased production of intravascular tissue factor, 
and (5) prothrombotic endothelium. The functionality of platelets in patients with 
liver disease is debated in literature [21], which in part relates to technical difficulties 
in assessing platelet functionality, particularly in thrombocytopenic blood. It has 
been suggested that endotoxemia results in enhanced in  vivo platelet activation, 
which may contribute to thrombosis [22]. Also, the highly elevated plasma levels of 
von Willebrand factor combined with the low levels of the von Willebrand factor-
cleaving protease ADAMTS13 may contribute to thrombotic risk [6, 7]. With respect 
to thrombin generating capacity: although in a seminal paper published in 2005, 
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Tripodi and coworkers demonstrated comparable thrombin generating capacity 
between patients with cirrhosis and healthy controls [8], many subsequent studies by 
independent laboratories have demonstrated enhanced thrombin generating capacity 
in patients [9–13]. Enhanced thrombin generating capacity is linked to defects in 
anticoagulant systems such as antithrombin and the protein C system that are appar-
ently not entirely balanced by defects in procoagulant proteins [23]. In addition to 
enhanced thrombin generating capacity, it also seems that the thrombogenicity of the 
fibrin clot eventually formed is enhanced in patients, which may be linked to post-
translational modifications of the fibrinogen molecule, notably oxidation [24]. 
Finally, prothrombotic features in patients with cirrhosis may be linked to cellular 
systems that are not taken into account in in vitro studies of hemostatic capacity. 
Notably, tissue factor decryption on hepatocytes and production of tissue factor by 
white blood cells may lead to activation of coagulation [3, 25]. Furthermore, defec-
tive anticoagulant capacity of the endothelial cells may further propagate platelet and 
coagulation activation. Anticoagulant properties that may be defective in patients 
with liver disease include the endothelial glycocalix, production of platelet inhibitors 
such as nitric oxide, and the anticoagulant transmembrane protein thrombomodulin.

 Unbalanced Hemostasis: A Contributor to Vascular 
Liver Disorders?

Vascular liver disorders comprise of a spectrum of conditions that may occur in 
patients with preexisting liver disease, but may also occur in previously healthy indi-
viduals. A number of vascular liver disorders are characterized by a thrombotic com-
ponent. In general, the risk of developing thrombotic disease can be linked to 
Virchov’s Triad. i.e., hypercoagulability, stasis, and the vascular wall. This section 
will outline the contribution of inherited or acquired factors resulting in hypercoagu-
lability to the pathogenesis of vascular liver disorders characterized by a thrombotic 
component. Both liver-disease associated hypercoagulability, and hypercoagulabil-
ity in vascular liver disorders unrelated to chronic liver diseases will be considered.

 Intrahepatic Thrombosis

Liver injury in animal models of liver disease appear uniformly accompanied by 
thrombus formation in the liver microcirculation. The first evidence for intrahepatic 
thrombus formation in experimental liver injury came from studies examining the 
effects of murine hepatitis virus infection in inbred strains of mice [26]. These stud-
ies demonstrated the presence of microthrombi within the hepatic microvasculature 
in areas of inflammation and subsequent tissue necrosis. Similarly, in mouse models 
of acute liver failure [27] and in models of cholestatic [4] and non- cholestatic [28] 
fibrosis, intrahepatic thrombi have been demonstrated. Intrahepatic thrombi appear 
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to drive progression of disease as anticoagulants or antiplatelet agents decrease 
thrombus formation and disease severity in these animal models [29, 30]. Recent 
studies have suggested a detrimental role of the platelet adhesive protein von 
Willebrand factor in progression of acute liver failure in mice and humans [31, 32]. 
Conversely, hypercoagulable states result in faster progression of disease [33]. It 
has been proposed that intrahepatic thrombi either drive disease progression by 
physical obstruction of the microcirculation with subsequent microischemia or that 
coagulation proteases such as factor Xa or thrombin are key in driving disease pro-
gression by their capacity to activate protease activated receptors on cells [34]. 
Unanswered questions in these experimental settings are the exact composition and 
location of the thrombi and the exact mechanisms linking thrombus formation or 
deposition of platelets and fibrin to disease progression. Also, it is unclear whether 
unbalanced hemostasis lies at the basis of intrahepatic thrombus formation, although 
a hypercoagulable state likely exacerbates thrombus load. The initiating trigger of 
intrahepatic activation of coagulation appears to be tissue factor decryption, whereas 
it is unclear what initiates intrahepatic platelet deposition. Endothelial activation, 
collagen exposure, alterations in flow, and local thrombin formation could all con-
tribute, but experimental evidence for any of these mechanisms is thus far lacking.

In humans, a role of microvascular thrombus formation in progression of chronic 
liver injury was first proposed by Wanless and coworkers [35, 36], although in these 
studies it was never demonstrated that platelets and/or fibrin were present in dis-
eased human livers. Indirect evidence for a role of intrahepatic thrombus formation 
to disease progression comes from observational studies that suggest inherited 
hypercoagulability (e.g., carriership of FVleiden) to increase [37] and inherited 
hypocoagulability (hemophilia) [38] to decrease progression of chronic liver injury. 
Large epidemiological studies have demonstrated that aspirin use is associated with 
decreased progression of liver disease [39–41]. Importantly, these results do not 
necessarily mean that platelets are implicated in disease progression in humans. 
Aspirin has many platelet-independent effects [42] that could potentially affect pro-
gression of chronic liver disease [43]. Finally, a single randomized clinical study 
has demonstrated anticoagulant therapy with low molecular weight heparin to delay 
disease progression in patients with cirrhosis [44].

In aggregate, intrahepatic thrombosis has been clearly demonstrated in animals with 
various forms of liver injury, and thrombus formation appears directly linked to disease 
progression. It is however unclear whether unbalanced hemostasis is a key component 
of intrahepatic thrombus formation. In humans, it is unclear whether intrahepatic throm-
bosis occurs and a causal link with disease progression is yet to be demonstrated.

 Portal Vein Thrombosis and Budd Chiari Syndrome

Portal vein thrombosis (PVT) is a common complication of cirrhosis. It is frequently 
asymptomatic and detected incidentally during imaging studies. It has long been 
assumed that cirrhotic PVT results in progression of disease and clinical 
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deterioration [45], but recent data have suggested that PVT is merely related to dis-
ease severity and not responsible for disease progression [46]. It has been demon-
strated by some, but not all studies, that reduced portal flow increases the risk for 
cirrhotic PVT [46, 47], but it is unclear whether reduced flow is the key initiator of 
thrombus formation. It has been suggested that unbalanced hemostasis also contrib-
utes to development of PVT, but data are inconsistent. Studies have shown inherited 
thrombophilia, particular the prothrombin G20210A variant to increase the risk for 
PVT [48], but other studies found no role for inherited thrombophilia in PVT devel-
opment [46]. Also, it has been demonstrated that patients with NASH-related cir-
rhosis have an increased incidence of PVT [49]. These data have been interpreted as 
NASH-associated hypercoagulability to drive PVT development. However, it is still 
unclear whether NASH is truly associated with an increased hypercoagulable state 
compared to other etiologies of cirrhosis [50, 51], and other factors (notably obe-
sity) may explain the increased risk of PVT in NASH-cirrhosis. Prospective clinical 
studies will be required to assess whether hemostatic unbalance is related to risk of 
PVT development, or whether other factors such as decreased portal flow are key 
drivers.

Non-cirrhotic portal vein thrombosis is a rare disease, and it is incompletely 
understood why thrombi occur occasionally in this specific vascular bed. In a large 
proportion of patients with non-cirrhotic PVT, prothrombotic abnormalities includ-
ing inherited thrombophilia, oral contraceptive use and myeloproliferative disorders 
are present, suggesting hemostatic unbalance to drive thrombus development [52]. 
However, a proportion of patients appears to develop PVT as a consequence of local 
factors, particularly abdominal inflammatory conditions (which may also cause 
hypercoagulability), and a proportion of patients has idiopathic disease. Patients 
with non-cirrhotic portal vein thrombosis are hypercoagulable in terms of thrombin 
generating capacity, and their hypercoagulability was independent of the etiology, 
which may indicate that hypercoagulability develops as a consequence of the dis-
ease [53]. Similarly, patients with Budd Chiari syndrome (BCS) are characterized 
by a high incidence of inherited thrombophilia, oral contraceptive use, and myelo-
proliferative neoplasms [54]. Although the high prevalence of thrombophilia in both 
non-cirrhotic PVT and BCS suggest a key role for hemostatic unbalance in these 
diseases, it is unclear why these particular vascular beds are vulnerable for throm-
bus formation, and why the majority of patients with thrombophilia do not develop 
these specific thrombotic events. It is likely that the pathogenesis of these rare dis-
ease is multifactorial, and a better understanding on the event(s) that initiate throm-
bus formation is key in obtaining insight in the pathogenesis.

 Hepatic Artery Thrombosis after Liver Transplantation

Hepatic artery thrombosis almost exclusively occurs in patients following liver 
transplantation. Isolated hepatic artery thromboses probably do not occur as the 
hepatic artery is profoundly protected against atherosclerosis, and thus no trigger 
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for thrombosis develops during life [55]. Hepatic artery thrombosis occurs in 
approximately 5% of adult liver transplant recipients [56], while the prevalence in 
children is substantially higher [56, 57]. As the transplanted liver (initially) lacks 
any collateral circulation, the absence of arterial flow results will invariably lead to 
ischemia and necrosis of the right hepatic lobe if flow is not restored in time. 
Furthermore, as the biliary system is fully dependent on arterial flow, rapid biliary 
ischemic damage occurs in case of a hepatic artery thrombosis. Thrombosis of the 
hepatic artery is thus associated with morbidity and graft loss [58]. Hepatic artery 
thrombosis can occur early (within 2–3 months) after transplantation, but may also 
occur years after the procedure. The clinical outcome of late hepatic artery throm-
bosis is usually more benign compared to early thrombosis, as collaterals may have 
developed over time, especially when occlusion of the hepatic artery is preceded by 
a slowly worsening stenosis [59].

Early hepatic artery thrombosis is envisioned primarily as a surgical complica-
tion. Technical imperfections with the anastomosis related for example to aberrant 
donor or recipient arterial anatomy or complex backtable arterial reconstruction, 
kinking of the artery, prolonged clamping of the hepatic artery, or the use of an arte-
rial conduit indeed increase the risk for hepatic artery thrombosis substantially [58, 
60, 61]. The incidence of early hepatic artery thrombosis has substantially decreased 
since the first decades of liver transplantation, which also suggests that surgical fac-
tors contribute substantially to this complication. Furthermore, low volume trans-
plant centers or less experienced surgeons have a higher rate of hepatic artery 
thrombosis, which again indicates that the complication has a surgical component. 
However, additional non-surgical factors also contribute to the risk of early hepatic 
artery thrombosis. These factors include damage to the graft for example by pro-
longed cold or warm ischemic times, preoperative transarterial chemoembolisation 
for HCC, or an otherwise damaged artery for example due to complications during 
organ procurement [61–63]. Furthermore, retransplantation is also an important risk 
factor for early hepatic artery thrombosis, with the risk even increasing further in a 
second retransplantation [63, 64]. Also, insufficient blood flow through the artery, 
for example in patients with a splenic artery steal syndrome, increases the risk for 
hepatic artery thrombosis, although in a splenic artery steal syndrome ligation of the 
splenic artery is sufficient to restore adequate arterial flow [61].

Unbalanced hemostasis, which has been clearly demonstrated early after liver 
transplantation [65–67], may contribute to development of early HAT. Clinical evi-
dence for a role of the coagulation system in early hepatic artery thrombosis has 
emerged from a studies in which patients transplanted for familial amyloidotic 
polyneuropathy (FAP) or acute intermittent porphyria (AIP) were shown to have a 
substantially increased risk for hepatic artery thrombosis as compared to patients 
transplanted for end-stage liver disease [68, 69]. In contrast to patients with end- 
stage liver disease, patients with FAP and AIP have a fully competent hemostatic 
system, as the synthetic capacity of the liver of these patients is not compromised. 
Furthermore, the surgical procedure, and the arterial reconstruction is generally 
much less complicated in a patient with FAP or AIP compared to the end-stage liver 
disease patient because of the absence of a disturbed liver architecture, portal 
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hypertension, venous collaterals, or perihepatic inflammatory lesions. Although 
experimental evidence is lacking, it is likely that patients with FAP or AIP have an 
increased hypercoagulable status posttransplant compared to the end-stage liver 
disease patients and this notion combined with the substantially reduced technical 
difficulty of transplantation in these patients suggests that the increased incidence of 
hepatic artery thrombosis is a result of their increased hypercoagulable status [70].

There is no consensus on risk factors for late hepatic artery thrombosis, but donor 
age, severe acute rejection, backtable surgery for anatomic variations, blood group- 
incompatible grafts, active cigarette smoking, usage of a donor iliac artery interpo-
sition graft to the aorta, and use of a graft from a donor who died of a cerebrovascular 
accident have all been suggested as risk factors [59].

Hemostatic unbalance may also contribute to late HAT.  One study retrospec-
tively analyzed the effect of aspirin administration to patients with risk factors for 
late hepatic artery thrombosis (in this study employment of a donor iliac artery 
interposition graft to the aorta, and use of a graft from a donor who died of a cere-
brovascular accident) [71]. Patients who received aspirin indefinitely had a substan-
tially decreased risk of late hepatic artery thrombosis (3.6 vs 0.6%, which is a 
relative risk reduction of 82%), which suggests that (excessive) platelet activation 
may be involved in the pathogenesis of this complication [71, 72].

 Effects of Coagulation Disorders on the Liver

It has been well established that liver diseases can lead to profound hemostatic dis-
orders. However, the converse may also be true. Critical illnesses in which profound 
disseminated activation of coagulation occurs may result in liver failure as a result 
of thrombus formation within the liver.

 Disseminated Intravascular Coagulation

A variety of clinical conditions are associated with clinically silent (systemic) acti-
vation of the hemostatic system. However, when activation of hemostasis is more 
extensive, disseminated intravascular coagulation (DIC) may develop [73]. DIC is 
characterized by systemic formation of thrombi in the (microvasculature). These 
clots may jeopardize oxygen delivery to organ systems and therefore can lead to 
multiple organ failure. Fibrin deposition is found in most organs of patients with 
DIC. In addition, in experimental animal models of DIC fibrin deposition is also 
found in various organs, and anticoagulant therapy has been shown to decrease 
fibrin deposition and to improve organ function in these models [74]. As ongoing 
clot formation leads to depletion of circulating platelets and coagulation factors, a 
bleeding tendency frequently accompanies DIC, and bleeding is in fact frequently 
the presenting symptom [75].
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Clinical conditions that may be accompanied by DIC are severe infections and 
sepsis, trauma, cancer, and obstetrical complications [76]. The diagnosis of DIC is 
based on clinical findings in combination with laboratory findings. The International 
Society of Thrombosis and Hemostasis (ISTH) has developed a scoring algorithm 
for patients with an underlying disorder known to be associated with DIC. In such 
patients a DIC score consisting of a platelet count, levels of fibrin degradation prod-
ucts (such as D-dimer), the prothrombin time, and the fibrinogen levels can be cal-
culated to determine whether DIC is present [77].

Liver failure may thus complicate DIC as part of the multiple organ failure syn-
drome that may accompany DIC. An interesting group of patients in this respect are 
patients with preexisting liver disease. It has been suggested that patients with cir-
rhosis may have (low-grade) DIC [78], but the fact that all components of the ISTH- 
DIC score are already abnormal as a consequence of the hemostatic alterations 
associated with cirrhosis [79], makes a diagnosis of DIC based on these criteria 
unreliable in patients with cirrhosis. It may be that only those patients with cirrhosis 
that become critically ill develop ‘true’ DIC. For example patients with acute-on- 
chronic liver failure (ACLF) are characterized by an inflammatory state, multiple 
organ failure, and hemostatic changes on top of the hemostatic changes that are 
present in the (compensated) cirrhotic [80]. Whether DIC is a cause of ACLF- 
associated organ failure, or whether organ failure in ACLF is mechanistically dis-
tinct from organ failure in patients with DIC without preexisting liver failure remains 
to be established. Also acute liver failure (ALF) is an inflammatory condition in 
which multiple organ failure and coagulopathy may develop, and as such may also 
be a condition in which DIC occurs.

 Hemostatic Activation in Pregnancy-Associated Liver Diseases

Pregnancy may occasionally be complicated by severe liver diseases induced by the 
pregnancy. Severe pregnancy-induced liver diseases are associated with a signifi-
cant risk of morbidity and mortality for both the mother and the baby. Part of this 
risk relates to bleeding or thrombotic events, and thrombotic events may drive these 
specific liver diseases.

Acute fatty liver of pregnancy (AFLP) is a rare complication occurring in 
~1:20.000 pregnancies, and is a medical and obstetric emergency [81]. Patients with 
AFLP have accumulation of microvesicular fat droplets within their hepatocytes, 
with biochemical evidence of liver injury and liver failure. Hemostatic changes 
include thrombocytopenia, a prolonged prothrombin time, and reduced fibrinogen 
levels [82]. It has been debated whether hemostatic changes of AFLP are related to 
liver failure or that DIC also contributes. It has recently been reported that the vast 
majority of patients with AFLP have a positive ISTH-DIC score that persists after 
delivery [83]. Nevertheless, as discussed in the section on DIC it should be noted 
that the constituents of the ISTH-DIC score (low platelet count, elevated fibrin split 
products, elevated prothrombin time, and low fibrinogen) are all compatible with 
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synthetic and clearance defects of the liver. Whether DIC is an important compo-
nent of AFLP and whether DIC-related clot formation within the liver drives the 
disease thus remains to be established. Importantly, a proportion of patients with 
AFLP also have preeclampsia (see below).

Preeclampsia, eclampsia, and hemolysis, elevated liver enzymes, low platelets 
(HELLP) syndrome form a spectrum of diseases that are characterized by pregnancy- 
induced hypertension combined with proteinuria and organ dysfunction. Eclampsia 
refers to the onset of seizures in a patient with preeclampsia, while the HELLP 
syndrome is considered to be a severe form of preeclampsia. Although the etiol-
ogy of preeclampsia is incompletely understood, abnormal placental development 
and a generalized inflammatory response resulting in endothelial cell activation are 
thought to be important contributors. Generalized activation of endothelial cells 
results in activation of the hemostatic system, resulting in a thrombotic microangi-
opathy. An increase in plasma levels of highly reactive von Willebrand factor multi-
mers have been suggested to be responsible for the consumptive thrombocytopenia 
[84]. Histopathologic findings in the liver include intravascular fibrin deposits that 
are thought to lead to hepatic sinusoidal obstruction, intrahepatic vascular conges-
tion, and increased intrahepatic pressure. This process contributes to liver failure, 
but also may lead to intraparenchymal and subcapsular hemorrhage, and eventually 
hepatic rupture [81].

The hemostatic alterations in preeclampsia and HELLP thus are driven by at 
least 2 mechanisms—an endothelial-driven thrombotic microangiopathy, and a liver 
disease-induced coagulopathy. The latter, however, may be mild as the prothrombin 
time may be normal in patients with HELLP syndrome. In those patients that 
develop coagulation abnormalities, it is generally assumed that DIC has developed, 
although it cannot be excluded that those patients that have a positive DIC score, the 
primary factor driving coagulation abnormalities is liver failure as also outlined in 
the section on AFLP. It has also been argued that the vast majority of women with 
preeclampsia and HELLP have liver injury, but do not have overt liver failure and 
no evidence of clinically relevant DIC [85], and that the prime hemostatic abnor-
mality in these patients thus is a profound thrombocytopenia. Whether HELLP- 
associated liver injury is primarily related to a thrombotic, platelet-mediated 
microangiopathy or whether DIC with consequent intrahepatic clot formation con-
tributes therefore remains to be established.

 Conclusion

Multiple vascular liver diseases are characterized by a thrombotic component. 
Whether local or systemic factors drive these thrombotic events in the liver are 
incompletely understood, and studies on the pathogenesis of these vascular liver 
diseases have been hampered by the low incidence of these diseases and the 
absence of suitable animal models. A variety of diseases including infection, 
sepsis, trauma, cancer, and obstetric diseases may result in systemic generation 
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of thrombi in various organs including the liver. Such thrombi contribute to organ 
failure. Although anticoagulant strategies may be helpful in preventing or clear-
ing clots and improving organ failure, the use of these drugs is hampered by the 
fact that a bleeding tendency also accompanies DIC.  An interesting area of 
research regards DIC-like syndromes in patients with underlying liver disease 
(ALF, ACLF, and pregnancy- associated liver diseases). Although these diseases 
are characterized by inflammation, coagulopathy, and (multiple) organ failure, it 
is incompletely understood whether these patients truly have DIC, or whether the 
positive DIC scores reflect the effects of the underlying liver disease on 
hemostasis.
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Chapter 18
Primary Hepatic Vascular Neoplasms  
and Hematologic Neoplasms Affecting 
Liver Vessels

Maxime Ronot and Dominique Cazals-Hatem

Apart from hepatocytes, cholangiocytes, Kupffer cells and stellate cells, the liver 
contains endothelial cells within the arterial, portal, sinusoids, and hepatic venous 
systems. These cells may give rise to various benign and malignant lesions of vas-
cular origin. The spectrum of tumors stretches from very common ones such as 
hemangiomas to very rare neoplasms such as angiosarcomas. Despite a common 
vascular origin, clinical course, pathologic features, imaging appearance and prog-
nosis of these neoplasms are highly variable and heterogeneous.

All haematopoietic and lymphoid neoplasms described in the 2017-WHO clas-
sification may infiltrate the liver during their course. Beside lymphomas and leuke-
mias, some disorders like amyloidosis or systemic mastocytosis affect predominantly 
sinusoids or the venous beds and generate secondary vascular disorders.

The purpose of this chapter is to provide an overview of primary vascular tumors 
most frequently observed in adult-livers. Pediatric tumors, especially infantile hem-
angioma will not be discussed herein. In the second part, hematologic neoplasms 
known for their propensity to affect liver vessels are detailed, focusing on pathologi-
cal features in order to improve diagnosis when hepatic involvement by the hemop-
athy is the first manifestation of the disease. The chapter will focus on clinical 
presentation, imaging and pathology while the complex issues of treatment and 
prognosis will not be considered.
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 Primary Hepatic Vascular Neoplasms

 Cavernous Haemangioma

Cavernous haemangioma is probably the most frequent benign liver lesion. Its prev-
alence is evaluated between 1.2 and 20% [1] in the general population. It affects all 
ages. The female-to-male ratio varies from 2.1 to 5 between surveys [2–4].

 Pathology

Macroscopic examination shows well-delineated, flat spongy  lesions of red-blue 
color. Microscopically, haemangiomas are easy to recognize. They are made of cav-
ernous vascular spaces lined by flattened regular endothelium underlying fibrous 
septa of various widths (Fig. 18.1, Table 18.1). Small haemangiomas may become 
entirely fibrous, appearing as “a solitary fibrous nodule” corresponding microscopi-
cally to sclerosed haemangioma [5]. Differential diagnoses are  mentioned in 

a

c d

b

Fig. 18.1 Giant cavernous hemangioma. (a) External aspect of a 21 cm large giant hemangioma 
resected by lobectomy. (b) Cut section shows a well-demarcated spongy dark red tumor with 
fibrous septa and scars corresponding to internal thrombi. (c) Histology shows a cavernous archi-
tecture with vascular spaces lined by regular endothelial cells and filled with hematies. (d) 
Sclerosing zones exhibit abundant fibrous stroma and tiny vascular lumen
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Table 18.1. Strong expression of GLUT-1 characterizes infantile haemangioma in 
children. Lymphangioma has no red blood cells and reacts with D2-40. Hepatic 
small vessel neoplasms, recently recognized as a distinct entity, may mimic capil-
lary infiltrative haemangioma [6].

 Manifestations and Course

Most of the time, the lesion is asymptomatic and incidentally found during examina-
tions of the abdomen for unrelated reasons. Most lesions remain stable in size [7] or 
demonstrate minimal increase in diameter over time [8]. Liver tests are normal. The 
evolution is fully benign and haemangioma never transform into a malignant form.

Complications are rare and mostly observed with large haemangiomas. They can 
be divided into (a) alterations of internal architecture such as inflammation; (b) 
coagulation abnormalities and (c) compression of adjacent structures.

 – Some cases of inflammatory processes complicating giant haemangioma have 
been initially reported by Bornman et al. [9]. Signs and symptoms of an inflam-
matory process include low-grade fever, weight loss, abdominal pain, acceler-
ated erythrocyte sedimentation rate, normal white blood cell count, anemia, 
thrombocytosis, and increased fibrinogen level. In imaging, visualization of a 
spontaneously hyperattenuating structure corresponding to a thrombosis com-
forts the diagnosis. Abnormalities disappear after surgical resection of the hae-
mangioma [9–11].

 – Kasabach-Merritt syndrome is an exceptional complication of hepatic haeman-
gioma in adults Characterized by an intravascular coagulaction activation. The 
syndrome is reversible after removal of the hemangioma. Intratumoral hemor-
rhage is rarely encountered in hepatic haemangioma.

 Imaging Appearance

Typical Aspect

Haemangioma is typically a homogenous hyperechoic lesion less than 3  cm in 
diameter, with sharp margins and acoustic enhancement. No vascular pattern is 
identified on color Doppler [12]. A hypoechoic center but no peripheral hypoechoic 
rim can be observed. The larger the haemangiomas is, more heterogeneous it can 
appear [13]. Contrast-enhanced ultrasound reveals peripheral globular enhancement 
in the portal phase. Isoechoic pattern on late phase is seen in most atypical haeman-
giomas [14]. Therefore, this technique, which has a sensitivity of 84 to 89% and a 
specificity of 92 to 100%, should be performed in equivocal lesions [14–16].

On computed tomography (CT), the three major criteria for the diagnosis of 
haemangioma are the following: (a) spontaneous low attenuation on pre-contrast 
images in comparison with surrounding liver; (b) peripheral and globular 
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enhancement of the lesion followed by a central enhancement on contrast-enhanced 
images; and (c) contrast enhancement of the lesion on delayed scans [17]. Among 
these criteria, the most important is the second one as the presence of peripheral 
puddles at arterial phase has a sensitivity of 67%, a specificity of 99%, and a posi-
tive predictive value of 86% for haemangioma [18]. One of the most precious fea-
tures for diagnosis is the parallel evolution of lesion and aorta enhancement after 
contrast injection [18].

Magnetic Resonance imaging (MRI) is the key imaging modality in the charac-
terization of liver haemangiomas [19, 20]. The classical appearance of liver hae-
mangiomas is that of a homogeneous well delineated hypointenselesion on 
T1-weightened sequences and strongly hyperintenselesion on heavily T2-weighted 
sequences with a “light bulb” pattern. Dynamic multiphasic T1-weightened 
sequences, after gadolinium chelate administration show findings similar to that on 
contrast-enhanced CT phases (Fig. 18.2) [21]. The diagnostic value is very high 
with a sensitivity of 90%, a specificity of 92% and a global accuracy of 90% [21]. 
Diffusion-weighted sequences (DW-MRI) show a spontaneous hyperintensity on 
low-b-value acquisitions and persistent high signal intensity on high b value corre-
sponding to a «shrine-through» and related to the T2 effect. ADC maps that are 
automatically generated by the system are therefore very important to confirm the 
diffusion restriction [22]. Hepatospecific contrast agents may show a paradoxical 
pseudo-wash out on the transitional of hepatobiliary phase in case of rapidly filling 
haemangioma [23].

Variants

Two variants commonly cause atypical presentation at imaging, the giant haeman-
gioma and the rapidly filling haemangioma:

 – Giant haemangiomas are defined by a large size exceeding 6 (or 12) cm in diam-
eter. They are often heterogeneous [24, 25] with marked central areas corre-
sponding to thrombosis, extensive hyalinization and fibrosis. However, usually 
the typical early, peripheral, globular enhancement is observed as well as strong 
hyperintensity on T2-weightened images at the periphery. The progressive cen-
tripetal enhancement of the lesion, although present, does not lead to complete 
filling (Fig. 18.2) [24, 26, 27].

 – Rapidly filling haemangiomas are not uncommon and appear to occur signifi-
cantly more often in small lesions (42% of haemangiomas <2 cm in diameter) 
[28]. CT and MR imaging show an immediate homogeneous enhancement at 
arterial-phase which makes differentiation from other hypervascular tumors dif-
ficult. Their diagnosis is based on strong hyperintensity on T2-weighted images, 
the parallel enhancement with arterial structures, and the persistent enhancement 
on delayed-phase imaging. Interestingly, shunts are observed in 20 to 25% of 
liver haemangiomas [28, 29]. They seem very much related to the rapidly filling 
type rather than to the size [29, 30].

18 Primary Hepatic Vascular Neoplasms and Hematologic Neoplasms Affecting Liver…



290

a

c d

e f

g h

b

M. Ronot and D. Cazals-Hatem



291

Fig. 18.2 Giant cavernous hemangioma. MR imaging performed in the same patient as Fig. 18.1 
shows that lesions are bilobar. They show high signal intensity on T2-weighted images (a), and 
hypointensity on T1-weighted images (b). After extracellular contrast medium injection, lesions 
present with a peripheral nodular and discontinuous enhancement and progressive centripetal fill-
ing (from c to f). On high b value diffusion weighted imaging (g) lesions show a high signal inten-
sity, with high ADC values (h) consistent with a typical ‘T2  shine thought effect’. Note the 
presence of inner focal areas of signal hyperintensity on T1-w and hypointensity on T2-w images, 
that appear heterogeneous and hypointense on diffusion-w images, and are associated with low 
ADC values (arrows). These areas correspond to intratumoral thrombosis

Other haemangiomas may uncommonly have an atypical presentation, including 
very slow filling haemangiomas (represent 8 to 16% of all haemangiomas [31]), 
sclerosed or hyalinized/calcified haemangiomas, cystic haemangiomas, peduncu-
lated haemangiomas, haemangiomas with fluid-fluid level, and haemangiomas with 
capsular retraction [32–35]. Hyalinization, which corresponds to an end-stage invo-
lution secondary to thrombosis or internal infarction is histologically characterized 
by abundant hyalinized tissue, obliterated vascular channels and small residual ves-
sels. On imaging, it shows atypical features such as hypointensity on T2-weighted 
MR images and lack of enhancement. For this reason, sclerosed hemangioma may 
be misdiagnosed with malignancy.

 Epithelioid Hemangioendothelioma

Hepatic epithelioid hemangioendothelioma (HEH) is a rare low-grade malignant 
tumor that arises from liver endothelial cells [36–40]. HEH is seen in adults with a 
2:1 female: malesex ratio. It is rarely solitary, and most patients show multifocal 
disease at diagnosis. Most tumors are incidentally discovered.

 Pathology

Grossly, nodules are round, white or grey and firm. They are non-encapsulated and 
ill-circumscribed with fuzzy infiltrative  borders around central  hyalinized scar. 
Microscopically, no vascular space is noticed. Endothelial differentiation is unobvi-
ous: neoplastic cells are ovoid, spindle or round singly sited in an abundant fibrous 
stroma. The pathognomonic vacuolated cell centered by red blood cell may be 
inconspicuous. At the periphery, cells display an epithelioid pattern forming endo-
vascular cords or tufts. Nuclei are irregular and pleomorphic without mitosis 
(Fig. 18.3—Table 18.1). Aberrant focal expression of cytokeratin or EMA may mis-
lead the diagnosis with poorly differentiated carcinoma, cholangiocarcinoma or 
metastasis.
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 Manifestations and Course

The natural course of evolution of HEH significantly varies between patients, some 
remaining completely asymptomatic over a long period of time, while others may 
rapidly progress to extensive liver parenchymal replacement, metastasis and death.

 Imaging Appearance

It is classically considered that HEH can be divided into three distinct imaging pat-
terns: a solitary nodule, multiple nodules, and diffuse and confluent nodules. Single 
nodules  are believed to progress to multiple nodules and eventually to confluent 
diffuse disease.

a

c d

b

Fig. 18.3 Epithelioid hemangioendothelioma. (a) Cut section of a liver explant presenting multi-
ples well-circumcribed tumors with white centers and fuzzy outlines. (b) The center of epithelioid 
hemangioendothelioma is sclerotic with scattered vacuolar small cells containing red blood cells. 
(c) The periphery of epithelioid hemangioendothelioma shows tuffs of tumoral cells in portal veins 
and sinusoids (→) between well-preserved hepatic plates. (d) Tumoral outlines are indistinct with 
tumoral cells still present at the interface with normal liver (→)
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Fig. 18.4 Epithelioid hemangioendothelioma. CT performed in the same patient as Fig.  18.3 
shows that lesions are bilobar (arrows). They show hypoattenuation on precontrast images (a and 
b), and remain hypoattenuating relative to the liver on contrast-enhanced arterial phase (c and d) 
and portal venous phase (e and f). Lesions are predominantly subcapsular

Solitary nodules usually measure up to 5 centimeters and are typically located in 
the subcapsular area of the right liver lobe [41]. Multifocal disease is more variable, 
with lesions of different size, located at the periphery or more deeply in the liver 
[42]. Lesions frequently demonstrate focal capsular retraction, while capsular bulge 
is not observed (Figs. 18.4 and 18.5).
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Fig. 18.5 Epithelioid hemangioendothelioma. MR imaging performed in the same patient as 
Figs. 18.3 and 18.4. Lesions show high signal intensity on T2-weighted images (a and b), and 
hypointensity on T1-weighted images (c and d). After extracellular contrast medium injection, 
lesions remain hypoattenuating to the liver on arterial phase (e and f) and show delayed contrast 
enhancement (g and h). Note that some lesion present with a target appearance (arrows) with cen-
tral hyperintensity on T2-w images, followed centrifugally by a layer of hypointensity, and by an 
external hyperintensity. This layered appearance is also visible on contrast-enhanced images, with 
core and peripheral delayed enhancement
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On ultrasound examination, tumors are typically hypoechoic to adjacent liver. 
However, a small proportion may show hyperechogenicity. On CT, lesions are typi-
cally hypoattenuating on pre-contrast and contrast-enhanced images when com-
pared to the liver, and may contain calcifications (Fig. 18.4). At MRI, lesions are 
hypointense on T1-weighted images and may present with a typical concentric 
target appearance with central hypointensity, a thin rim of hyperintensity, and a 
peripheral rim of hypointensity. This is referred to as the “dark-bright-dark ring 
sign” [43]. On T2-weighted images, lesion show variable signal intensity: no rim, 
and sometimes double- or triple-layered target pattern with a hyperintense center 
followed by alternating layers of T2-weighted intermediate or hypointensity, the 
majority of tumors presenting a T2-weighted hyperintense central core correspond-
ing to fibrous stroma (Fig. 18.5). The same layered aspect is visible on diffusion-
weighted imaging that often shows a rim of diffusion restriction in the periphery of 
the lesion but more variable signal in the core. On contrast-enhanced images, most 
HEH initially shownone to mild central enhancement, some showing an early rim 
enhancement. On delayed phase, the lesions appear more homogeneous. Globular 
peripheral enhancement and early arterial enhancement followed by washout are 
not frequently seen. After injection ofliver-specific MR contrast agents, some 
degree of “trapping” of the contrast agent can be depicted, with a hypointense rim 
and central hyperintensity on hepatobiliary phase [42]. Extrahepatic involvement, 
when present, is most commonly seen in the lung, lymph nodes, peritoneum, 
spleen, and bone marrow.

 Angiosarcoma

Angiosarcoma is a rare high-grade malignant endothelial neoplasm representing the 
commonest sarcoma arising in the liver. There is a male predominance.

 Pathology

Tumors are multifocal with involvementof both hepatic lobes in nearly all 
patients have lesions ranging from 3 to 20 cm large size. Metastatic disease at 
presentation is seen in 45–60% of patients, the spleen, peritoneum, lung and 
bone marrow being the most common locations [44]. Grossly, angiosarcoma 
appears as an ill-defined heterogeneous spongy mass, with solid and cavernous 
areas admixed with infarcted zones [44]. Microscopically, endothelial differen-
tiation is patent and cells exhibit obvious malignant features (bizarre hyperchro-
matic nuclei, mitosis) (Fig.  18.6—Table 18.1). If a solid sarcomatous or 
epithelioid pattern predominates, an immunohistochemistry is required for 
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confirmation (endothelial markers CD31, CD34, ERG, Factor VIII). A sinusoidal 
growth pattern admixed with prominent peliotic changes may pose diagnostic 
difficulty on biopsy sample and require additional immunostaining for mutant 
p53expression and high Ki-67 proliferative index. Indeed, well-differentiated 
angiosarcomas with subtle atypia must be distinguished from hepatic small ves-
sel neoplasm recently described as a rare vascular neoplasm with uncertain 
malignant potential (see below) [6].

 Etiology

Angiosarcoma had been linked to exposure to thorium dioxide (Thorotrast), inor-
ganic arsenic, or vinyl chloride, but most cases are currently diagnosed in patients 
without such a past exposure [45].

a
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Fig. 18.6 Angiosarcoma. (a) Liver resection shows multifocal dark red lesions corresponding to 
an extensive angiosarcoma. (b) Histology shows diffuse infiltration by a cavernous and hemor-
rhagic tumor. (c) Vascular spaces are lined by atypical irregular endothelial cells and filled with 
hematies. (d) Endothelial cells express endothelial cell marker CD34 and CD31
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 Manifestations and Course

Patients typically present with non-specific symptoms and advanced stage disease 
in the fifth to seventh decade of life. Rapid fatal outcome year of diagnosis is the 
rule [46]. Liver lesions on initial imaging often progress to multifocal or even ful-
minant disease during the course of workup.

 Imaging Appearance

Typically, when seen at CT, tumors follow blood pool attenuation and are there-
fore hypoattenuating to the surrounding liver on pre-contrast images. Inner areas 
of internal hemorrhage can be seen. On the late hepatic arterial phase, focal 
enhancement is seen in up to 90% of tumors [47] but several patterns of enhance-
ment have been described, including nodular, rim, branching, or more diffuse. The 
smallest lesions may show no arterial enhancement. On portal venous and delayed 
phases, tumors show progressive enhancement, and a minority of tumors  may 
remain poorly- or non-enhanced. Typical haemangioma-like pattern (peripheral 
nodular enhancement followed by central in-fill), and ‘reverse haemangioma 
pattern’(early central enhancement withperipheral progressive enhancement on 
delayed phases) have been described [47, 48]. On MRI, tumors are usually hyper-
intense and heterogeneous on T2-weighted images, hypointense to the liver on 
T1-weighted images, with possible areas of high signal intensity indicating intra-
lesions bleeding. Diffusion-weighted images frequently show heterogeneous sig-
nal. Enhancement patterns using extracellular contrast agents are the same as seen 
at CT. Washout is not seen in angiosarcomas, nor is hepatic or portal venous inva-
sion (Fig. 18.7).

 Hepatic Small Vessel Neoplasm

Hepatic small vessel neoplasm (HSVN), recently described, is a very rare infiltra-
tive vascular neoplasm of the liver. Lesions present as an incidental encapsulated 
nodule (size from 0.2 to 16 cm in diameter). Histologically, well-differentiate small 
vessels predominate with typical sinusoidal growth pattern and infiltrative borders. 
Endothelial cells are flat and regular without nuclear atypia, mitosis or metastasis; 
low Ki67 staining and negative stains with p53 and c-MYC help to exclude angio-
sarcoma [6]. Recurrent mutations  recently found in these neoplasms (GNAQ or 
GNA14 affecting the G proteins) are suggestive of benign or congenital lesions and 
this signature looks consistent with the indolent course of HSVN [49].
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Imaging features of HSVN have been poorly described. While angiosarcoma 
is the main differential on pathology, hemangioma is the main one on imaging. 
Paisant et  al. recently reported four cases in which tumors consistently show 
continuous irregular thick, rim arterial enhancement with a “flower petal shape” 
due to early  septa enhancement on contrast-enhanced CT, MRI or ultra-
sound [50].

a

c

e

d

b

Fig. 18.7 Angiosarcoma. Abdominal CT (a), liver MR imaging (b-d) and chest CT (e) performed 
in the same patient as Fig. 18.6. CT shows bilobar lesions with different sizes, showing multiple 
focal enhancement in the largest ones. The smallest lesions may show no arterial enhancement. On 
MR imaging, tumors are hyperintense and heterogeneous on T2-weighted images (b), hypointense 
to the liver on T1-wighted images (c), and areas of high signal intensity indicating intra-lesions 
bleeding (arrows). Enhancement patterns using extracellular contrast agents is the same as seen on 
CT (d). Chest CT shows bilateral subcentimetric nodules surrounded by ground glass, consistent 
with intra-alveolar hemorrhage, and corresponding to lung metastases
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 Hematologic Neoplasms Affecting Liver Vessels

 Malignant Lymphoproliferative Disorders

 Clinical Presentations

Hepatic infiltration by lymphoproliferative diseases may be observed in all non- 
Hodgkin’s B-cell or T-cell lymphomas, Hodgkin’s disease and leukemia or myeloma 
classified according to the WHO classification [51]. Liver is the main organ second-
arily affected by lymphoproliferative diseases after lymph nodes, bone marrow and 
spleen. Involvement of the liver is common in late or advanced stages of the disease 
and generally associated with splenic infiltration. It remains rare at initial stages. In 
a German retrospective series of 668 consecutive patients treated for malignant 
blood disorders, the prevalence of hepatic infiltration diagnosed on the initial radio-
logical examination for staging was 3.3% in non-Hodgkin’s lymphoma, 12% in 
Hodgkin’s disease, 1.8% in myeloma and 0% in leukemia [52]. Clinical manifesta-
tions of hepatic involvement are  diverse, ranging from liver enlargement and 
abdominal pain to a hemophagocytic syndrome related  to systemic activation of 
macrophages especially in lymphoma associated to Epstein-Barr virus (EBV). Most 
patients are asymptomatic so that hepatic involvement may be recognized only on 
imaging for staging, or on needle biopsy done for the evaluation of abnormal liver 
tests (raised transaminases or cholestasis). Severe hepatic dysfunction includ-
ing ascites related to a massive hepatic infiltration is extremely rare. A definite diag-
nosis is reached at trans-jugular liver biopsy performed to investigate for acute liver 
failure [53]. Jaundice is rare and carries a poor prognosis.

 Imaging Appearance

Lymphomatous involvement of the liver may present  as a focal liver mass or 
masses, or as a diffuse infiltrating disease. Rarely, it corresponds to an ill-defined 
mass in the porta hepatis [54]. The most frequent imaging presentation of primary 
lymphoma is that of a solitary lesion, reported  in about 60% of cases. Multiple 
lesions are seen in the remaining patients. Multifocal lesions or diffuse infiltration 
is the most common aspect of secondary hepatic lymphoma (90%). Innumerable 
small focal nodules distributed throughout the liver are observed in about 10% of 
cases of secondary non-Hodgkin lymphoma or Hodgkin disease. At CT, nodules 
are iso or hypoattenuating to the liver, and enhance less than the surroundingliver 
parenchyma on arterial, portal venous, or delayed phase images. The lesions may 
contain hemorrhage, or necrosis, but calcification are rare before treatment. At 
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MRI, the nodules are hypo- or isointense on T1-weighted images and mildly 
hyperintense on T2-weighted images. On contrast-enhanced images the enhance-
ment pattern is similar to that above described at CT. Diffusion-weighted images is 
important component because the highly cellular content of lymphoma translates 
into a markedlyrestricted diffusion. Whole-body diffusion-weighted imaging has 
been suggested to be as sensitive as FDG PET/CT for tumor staging [55–57]. 
FDGPET/CT demonstrates avid hypermetabolism in primary and secondary liver 
lymphoma, and it is usually an imaging modality of choice for staging and for 
assessing treatment response.

 Histopathological Features

The hepatic involvement varies according to the type of disorder. Three main pat-
terns of infiltration can be described: the prominent portal infiltration, the nodular 
growth pattern, and the sinusoidal infiltration [58]. Most hepatic lymphomas cor-
respond to secondary dissemination, although elevated liver tests may be the first 
manifestation. Primary hepatic lymphoma is exceptional and corresponds to a dif-
fuse large B-cell lymphoma with a typical nodular pattern, mainly associated with 
HCV infection.

Curently, the vast majority of hepatic lymphoma are non-Hodgkin lymphomas 
(90% of all lymphomas). Hepatic infiltration by Hodgkin’s lymphoma (10% of all 
lymphomas) is therefore  rare. When present, it is classically restricted to portal 
tracts without sinusoidal infiltration. Among non-Hodgkin lymphomas, B-cell lym-
phomas dominate (>80%). Most of the B-cell lymphomas present initially with 
minimal systemic diffusion, so that a liver infiltration is observed mainly in advanced 
stages or in relapses. Aggressive diffuse large B-cell lymphomas (including Burkitt 
lymphoma)– representing half of the patients— display a typical nodular pattern 
with macroscopic nodulation in the liver visible and easily identified at imaging. 
Mature B-cell indolent lymphomas (lymphocytic, follicular, marginal zone or man-
tle B-cell lymphomas…) infiltrate liver parenchyma preferentially in portal tracts 
without nodulation (Fig. 18.8). Only hairy B-cell leukemia, lymphoblastic B-cell 
lymphoma/leukemia and plasmoblastic leukemia predominantly infiltrate sinusoids 
[58, 59]. Sinusoidal infiltration by plasma cells is observed in 32-48% of multiple 
myeloma and clinical manifestation of liver failure is generally present in terminal 
phase of the disease; it may exceptionally be the initial manifestation [60]. 
Intravascular large B-cell lymphoma is exceptional and characterized by predomi-
nant growth of centroblastes in blood vessels of brain, spleen, liver and bone- 
marrow, associated with hemophagocytic syndrome in Asian patients [61].

Peripheral T-cell lymphoma differs from B-cell lymphoma in clinical presenta-
tion by a frequent systemic diffusion in spleen, liver and bone marrow without 
lymphadenopathy or bulky mass. Histologically, diffuse sinusoidal infiltrate with-
out nodulation dominate in most of T-cell lymphomas. According to the WHO 

M. Ronot and D. Cazals-Hatem



301

a

c d

b

Fig. 18.8 Liver infiltration by B-cell lymphoma/leukemia. (a/b) Chronic lymphocytic leukemia 
(CLL) at terminal stage (autopsy). (a) Hepatic enlargement with on cut section an homogeneous 
and pale parenchyma without nodule. (b) Histological section shows massive infiltration of all 
portal tracts by CLL. (c) B-lymphoblastic leukemia infiltration initially presenting as an acute liver 
failure (transjugular biopsy): medium and monomorphic lymphoblasts engorge all portal tracts 
with peri-portal necrosis. (d) Diffuse large B-cell lymphoma at a relapse stage forming nodulation 
at imaging: lymphomatous infiltration generate a diffuse parenchymal destruction

classification, two variants of T-cell lymphomas (representing less than 2% of non-
Hodgkin lymphomas and rapidly lethal) may present with primary (or early) hepatic 
infiltration. First, the extranodal natural killer (NK)/T-cell lymphoma associated to 
EBV observed preferentially in Asia because of a high EBV prevalence that area: it 
expresses activated cytotoxic markers (TiA1/Granzyme B), while inducing exten-
sive tissue necrosis, angiodestruction and cytokinemia with macrophage stimula-
tion and hemophagocytosis [62]. Second, the hepatosplenic γδ T-cell lymphoma 
occurs de novo (80%) in young male (median age 35 year-old), or during immuno-
suppressive therapy inducing clonal expansion of γδ T-cells (20%): it presents 
with  hepatosplenomegaly, deep thrombocytopenia and severe B-symptoms. 
Microscopically, the infiltrate consists of small size monomorphic T-cells in hepatic 
sinusoids (CD3 +, CD5-, CD4¬, CD8-, CD56+, Granzyme-B-, EBV-), in bone mar-
row sinuses and red splenic pulp [63] (Fig. 18.9). Specific cytogenetic abnormalities 
(isochromosome 7q, trisomy 8), and more recently mutations in STAT3, STAT5B 
genes (in 10 and 30% of cases respectively) have been involved in the pathogenesis 
through inducing activation of JAK/STAT pathway [63]. Progress in genetic studies 
could rapidly lead to novel targeted therapy. T-cell large granular lymphocytic 
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leukemia with azurophilic cytoplasmic granules in cytology is the main differential 
diagnosis. Liver infiltration of acute leukemia/lymphoma (myeloid, T, B or NK-cell 
type) may generate massive portal and sinusoidal infiltration producing acute liver 
failure.

The reactive hemophagocytic syndrome is a hyperinflammatory syndrome 
potentially fatal caused by dysregulated immune response to a trigger. Malignant 
lymphoproliferations (mainly EBV-related lymphoma) and infections (viral, fungic, 
bacterial) are the major triggers inducing cytokinemia and macrophage activation 
(INF-g, TNF-a, IL-1/6/18) [64]. Clinically it is characterized by fever, jaundice, 
hepatosplenomegaly, cytopenia, hypertriglyceridemia, hyperferritinemia. Bone 
marrow or liver biopsy is necessary to detect hemophagocytosis. In the liver, hemo-
phagocytosis is seen inKupffer cells locatedin dilated sinusoids [65].
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Fig. 18.9 Liver infiltration by T-cell lymphoma/leukemia. (a) T/NK lymphoblastic leukemia pre-
senting as an acute liver failure with a rapid fatal course (post-mortem biopsy): parenchyma is 
hemorrhagic and necrotic and diffusely infiltrate by medium lymphoblasts. (b) Peripheral T-cell 
lymphoma with liver involvement characterized by atypical small T-cell in dilated sinusoids 
admixed with Kupffer hyperplasia. (c) Hepatosplenic T-cell lymphoma presenting with hepato-
splenomegaly: small size atypical lymphocytes with irregular nuclei (arrow) are sited in sinusoids 
without heptocellular damage. (d) NK/T-cell EBV+ lymphoma presenting initially with hepatic 
infiltration and an hemophagocytic syndrome: pleomorphic large T-cell (arrow) are seen in dilated 
sinusoids with hemophagocytosis in Kupffer cells
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Fig. 18.10 Liver infiltration by systemic mastocytosis (patients presenting with portal hyperten-
sion and ascites). (a) Liver parenchyma exhibits on argentic stain regenerative changes without 
cirrhosis and a diffuse sinusoidal fibrosis. (b) Nests of atypical mast-cell are seen in sinusoids. (c) 
A portal tract is infiltrate by spindle degranulated mast-cells. (d) Mast-cells express c-KIT in 
immunohistochemistry

 Mastocytosis

Systemic mastocytosis is a clonal neoplastic mast-cell proliferation characterized 
by atypical mast-cells in organs other than the skin, including the liver, the spleen, 
the gastrointestinal tract and lymph nodes. New WHO classification encompasses 
indolent systemic mastocytosis, aggressive systemic mastocytosis, systemic masto-
cytosis associated with another neoplastic hematopoietic disease, and mast cell leu-
kemia [66]. The symptoms of  systemic  mastocytosis  are non-specific, linked 
to histamine-releasing, including flush, pruritus, diarrhea, abdominal pain, broncho-
spasm or headache. Hepatic involvement during systemicmastocytosis  is  frequent 
[67] presenting with liver enlargement, ascites, portal hypertension, jaundice or iso-
lated abnormalities of liver tests. In the absence of suggestive skin involvement, the 
diagnosis of systemic mastocytosis is based on histologic features including sinusoid 
and portal infiltration by atypical mast-cells forming clusters of at least 15 atypical 
mast-cells (Fig.  18.10). Identification of  mast-cells  needs immunohistochemistry 
(expression of CD117, Tryptase, CD25) since neoplastic mast cells characteristic of 
systemic  mastocytosis  are degranulated on conventional Toluidine or Giemsa 
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staining. Affected portal spaces and sinusoids present with fibrosis deposit correlated 
with the amount of neoplastic mast-cells. Secondarily, a nodular regenerative hyper-
plasia with obliterative portal venopathy mimicking vascular portal- sinusoidal dis-
ease with clinically non-cirrhotic portal hypertension may develop [68, 69].

 Myeloid Metaplasia

Portal hypertension is a well-known complication of myeloproliferative neoplasms 
arising in around 10% of patients with polycythemia vera, thrombocytemia or pri-
mary myelofibrosis. Portal hypertension results from various causes: thrombosis of 
portal veins (extrahepatic and intrahepatic), thrombosis of hepatic veins, sinusoidal 
fibrosis with or without myeloid metaplasia and nodular regenerative hyperplasia 
[70]. Wanless et al. described  these lesions in details in a large series of patients 
with myelofibrosis and polycythemia vera collected on autopsy before 1990 [71]: 
thrombotic processes in large, medium and small portal veins associated with sinu-
soidal fibrosis/dilation and nodular regenerative hyperplasia play a major role in 
causing non-cirrhotic portal hypertension. Microvascular portal alteration charac-
terized by obliterative portal venopathy is highly correlated withmacrovascular por-
tal thrombosis and may reflect thromboembolic extension to terminal portal venules.

Myeloid infiltration of sinusoids is classically observed in advanced fibrotic 
stage of myelofibrosis representing extramedullary hematopoiesis in spleen and 
liver; it is isolated or associated with perisinusoidal fibrosis and hepatocellular 
regenerative changes (Fig. 18.11). Extra-medullary hematopoiesis observed in all 
patients of Wanless‘s series was severe  in a minority of patients and displays no 
correlation with portal hypertension. Long-term improvement after anticoagulation 
of portal hypertension in myeloproliferative neoplasmsis in agreement with the 
major role of thrombosis in the genesis of vascular portal–sinusoidal disease [72]. 
Radiological features (hepatosplenomegaly and lymphadenopathies) are the result 
of extramedullary haematopoiesis, causing global hepatomegaly without nodulation.

 Amyloidosis

Hepatic amyloidosis is observed in systemic amyloidosis and classically associated 
with cardiac and renal involvement which are highly related to the outcome [73]. 
Hepatic amyloidosis is rarely symptomatic but can be a presenting feature: less than 
30% of patients show clinical symptoms but palpable hepatomegaly is present in 
80% of patients directly related to parenchymal infiltration [74]. Portal hyperten-
sion is rare and ascites may be secondary to liver infiltration, hypoproteinemia and 
heart failure. Jaundice is exceptional and lately associated with renal failure and 
apoor short-term outcome [75]. Liver tests abnormalities (elevations of gamma-GT 
and alkaline phosphatase) are unrelated with the degree of amyloid infiltration.
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Fig. 18.11 Myeloid metaplasia in liver. (a/b) Myeloid metaplasia associated with JAK2 mutated 
polycythemia vera (biopsy done for portal hypertension). (a) Parenchyma shows isolated sinusoi-
dal dilation. (b) Neoplastic hematopoiesis (megakaryocytes and erythroblasts) is noticed in dilated 
sinusoids. (c/d) Myeloid metaplasia associated with myelofibrosis at a fibrotic stage (biopsy done 
for refractory ascites). (c) Argentic stain shows diffuse sinusoid fibrosis. (d) The myeloid infiltra-
tion in sinusoids generates focal hepatocellular atrophy

Rare cases of spontaneous intrahepatic hematomas have been reported in patients 
with AL type amyloidosis [76]. Diagnosis of amyloidosis requires a liver biopsy. 
However, amyloidosis is deemed to expose to an increased risk of biopsy related 
bleeding [74]. The transjugular transvenous routemay therefore prove particularly 
helpful. Histological examination shows amorphous eosinophilic deposits in artery 
walls and Disse’s spaces causing atrophy of hepatocyte trabeculae when abundant 
(Fig. 18.12). Pathologists must be informed of amyloidosis suspicion in order to use 
specific stains for diagnostic confirmation: Congo red stains extra-cellular deposits 
and gives a characteristic yellow-green birefringence in polarized light. Amyloid 
deposits are classified into  type AA or AL depending on clinical context. SAA 
parafin- immunostain is performed to characterize AA type amyloidosis; direct 
immunofluorescence technics on frozen sections are necessary for AL amyloidosis. 
AL type amyloidosis is associated with hemopathies producing B-clones, wether ini-
tially  known  or diagnosed using electrophoresis of serum and urinary proteins, 
myelogram and/or osteomedullary biopsy and  cytogenetics for myeloma. 
Imaging features of liver amyloidosis are non-specific, including hepatomegaly due 
to massive amyloid deposition. Occasionally, focal areas of low attenuation within 
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the liver and spleen can be seen at CT, corresponding to sites of amyloid deposition 
named “amyloid pseudotumor appearance”. Delayed enhancement has also been 
reported.

 Conclusion

Hepatic tumors of vascular origin include both very common and very rare lesions. 
On one hand, hemangioma is, by far, the most frequent solid hepatic tumor. It fol-
lows an indolent course of evolution, and rarely exposes patients to complications. 
The diagnosis can be reached non-invasively by imaging in the vast majority of the 
patients. On the other end of the spectrum, a heterogeneous group of very rare neo-
plasms present with different clinical course, pathologic features, imaging appear-
ance and prognosis. While epithelioid hemangioendothelioma may present with a 
wide range of clinical presentations, angiosarcomas are very aggressive and rapidly 
progressive tumors with a dismal prognosis. In both cases, imaging can approach 
the diagnosis but pathology is always mandatory.
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Fig. 18.12 Hepatic amyloidosis in a multivisceral AL amyloidosis (a-d). (a) Hepatic infiltration 
by amyloidosis involving all sinusoids and some portal tracts (*). (b) Amyloid deposit is stained in 
red with Red Congo. (c) Portal veins look normal whereas hepatic arteries have thickened infil-
trated walls. (d) Disse spaces are filled with amorphous pale acellular deposit leading to hepatocel-
lular atrophy
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Hepatic vessels may also be infiltrated by various haematopoietic and lymphoid 
neoplasms. In most cases of leukemia and lymphoma, the liver may secondarily be 
involved. Imaging may suggest the diagnosis but definite diagnosis relies on liver 
biopsy for extensive pathological analysis. Other disorders, e.g. amyloidosis or sys-
temic mastocytosis, affect predominantly sinusoids or the venous beds and there-
fore induce secondary vascular disorders.
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Chapter 19
Primary Immunodeficiencies and Non 
Malignant Hematologic Disease Associated 
with Disorders of Hepatic Vessels

Marion Malphettes

 Primary Immunodeficiencies Associated with Disorders 
of Hepatic Vessels

Primary immunodeficiency diseases (PIDs) encompass more than 400 distinct dis-
orders usually characterized by increased susceptibility to infection, and sometimes 
associated to auto-immunity, inflammation, lymphoproliferation or malignancy [1]. 
PIDs are often inherited and may be caused by defects affecting any component of 
the adaptative or the innate immune system. Some patients with PIDs may develop 
disorders of hepatic vessels. These PIDs will be reviewed in the next sections, where 
they will be categorized according to the classification from the International Union 
of Immunological Societies [1]. As hepatic vessel disorders may occasionally be the 
first manifestation of these PIDs, liver specialists should be aware of the main clini-
cal and biological characteristics of each disorder, in order to ensure rapid accurate 
PID diagnosis (Table 19.1).

 Predominantly Antibody Deficiencies

 Common Variable Immunodeficiency Disorders

Common variable immunodeficiency disorders (CVIDs) are a group of late onset 
primary antibody failures characterized by hypogammaglobulinemia of at least 2 
immunoglobulin (Ig) isotypes and inability to generate effective antibody responses 
[1]. CVID is categorized as a B-cell disorder, but T-cell defects are frequently 
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associated [2]. It is the most frequent form of clinically significant primary immune 
deficiency, affecting between 1/25000 to 1/500000 of the population. CVID patients 
are highly susceptible to respiratory infections due to encapsulated bacteria and are 
also prone to intestinal infections due, among others, to Giardia, Campylobacter, 
Salmonella or Norovirus [3–5]. CVID patients have a tendency to develop a range 
of associated non-infectious complications. These complications are believed to 
result from the underlying immune dysregulation rather than from infection, even 
though infection may sometimes act as a trigger. Within the group of CVID, there 
appear to be distinct clinical phenotypes. Patients can be divided by complication, 
with some patients experiencing autoimmunity, enteropathy, granuloma, polyclonal 
lymphoproliferative infiltration or lymphoid malignancies, these belonging to the 
«Disease-related complications» group; others have no disease-related complica-
tions, and belong to the «Infections only» group [6, 7]. The «Infections only» group 
accounts for two thirds of the CVID patients and the «Disease-related complica-
tions» group for the remaining third. The phenotype can be defined early in the 
follow-up of the patients and the prognosis is markedly different as «Infections 
only» patients have an almost normal life expectancy while the overall survival of 
«Disease-related complications» patients is around 50% at 30 years from diagnosis 
[8]. Liver involvement is present in at least 10% of CVID patients and is associated 
with increased mortality [8, 9]. Notably, liver damage is a late complication in the 
natural history of CVID, occurring with a median delay of 8.3 years, IQR (4–16.6) 
after CVID diagnosis (personal unpublished data from the French DEFI cohort). 
Overall, infection, lymphoproliferation, granuloma and mostly hepatic vessel disor-
ders, contributes to liver damage in the setting of CVID. Four large studies report 
on liver disease in CVID, highlighting the high prevalence of hepatic vessel disor-
ders, found in 5 to 12% of patients [10–13]. Of note, hepatitis C virus was occasion-
ally transmitted through contaminated intravenous immunoglobulin preparation 

Table 19.1 Main clinical and biological characteristics of immuno-hematological disorders likely 
revealed by hepatic vessel disorders

Clinical clues Biological tools

PAD Consanguinity, personal or family history of 
infection, auto-immunity or lymphoproliferation

IgG, IgA, IgM trough level
Immunophenotype: T and B cell 
naïve and memory subsets

CGD Consanguinity, personal or family history of typical 
infection (Serratia marcescens, Burkholderia 
cepacia, aspergillus, liver abscess) or inflammatory 
diseases (IBD)

Nitroblue tetrazolium test (NBT) 
or flow cytometry with 
dihydrorhodamine (DHR)

TBD Personal or family history of unexplained cytopenias, 
pulmonary fibrosis, abnormal skin pigmentation, nail 
dystrophy, oral leukoplakia or premature greying of 
hair

Telomere length measurement

PNH Personal history of cytopenia, hemolysis or 
thrombosis

Flow cytometric analysis of 
GPI-anchored proteins

PAD predominantly antibody deficiencies; CGD chronic granulomatous disease; TBD telomere 
biology disorders; PNH paroxysmal nocturnal hemoglobinuria. IBD inflammatory bowel diseases
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before 1991. About 40% of these HCV-infected patients had a rapid progression of 
HCV infection  to end-stage liver disease while ten percent of patients spontane-
ously cleared the virus [14, 15].

 Pathology

The French study by Malamut et al., published in 2007, reported on 51 primary 
antibody deficiency patients, including 40 CVID, with liver abnormalities [10]. 
Among the 23 patients with liver biopsy, 20 had nodular regenerative hyperplasia 
of the liver (NRH). Eighteen patients had intra-sinusoidal infiltrate associated to 
NRH, composed of CD8 + T lymphocytes (Fig. 19.1). In seven patients, marked 
intra- sinusoidal lymphocytic infiltrates were co-localized with sinusoidal dilata-
tion. Eight NRH patients had repeated liver biopsies showing steady or progressive 
sinusoidal infiltrate over time in respectively 6 and 2 patients. Ten patients had 
epithelioid granuloma  associated to NRH.  The presence of granuloma was not 
associated with the grade of liver cell plate abnormalities, nor with the amount of 

a

c d

b

Fig. 19.1 Common variable immunodeficiency disorder associated with portal-sinusoidal disease 
(observed in a patient transplanted for non-cirrhotic portal hypertension). (a) The liver explant has 
a rough surface. (b) Cut section shows micronodules in non-cirrhotic parenchyma suggestive of 
nodular regenerative hyperplasia (NRH). (c) Histologically, argentation stain emphasizes NRH; 
portal tracts are round, with small or invisible portal veinules. (d) Numerous CD8 T lymphocytes 
infiltrate portal tracts and sinusoids (Courtesy of Dr. Cazals-Hatem)
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intra- sinusoidal infiltrate. Ward et al., reported in 2008 a study focusing on liver 
disease in 108 CVID patients from their local database [12]. NRH was found in 13 
out of 16 reviewed biopsies. NRH was associated with moderate fibrosis in 5 
patients, three of whom had granuloma. In the American study from Fuss et al., 
[11] published in 2013, 14 out of 216 CVID patients were identified as having 
NRH. NRH was accompanied by peri-sinusoidal fibrosis in 3 patients as well as 
spotty lobular inflammatory foci, made of lymphocytes and rare microgranuloma 
in two patients. In six patients, mild to moderate focal portal inflammatory infil-
trates were observed. The cells in the infiltrates were CD8+ T lymphocytes, found 
in both the parenchyma and the portal areas. Activated Kupfer cells were also pres-
ent, predominantly in the parenchyma areas. Quantitation of cytokine production 
was conducted in liver samples obtained from 6 patients. IncreasedIFN-γ mRNA 
was demonstrated in 5 patients, and was most prominent in those with the most 
severe NRH.

Last, in 2014, Pulvirenti et al. reported an observational single-center study 
on 111 CVID patients from a single Italian center [13]. Abnormalities of spleno-
portal axis were found in 28 CVID patients. Only 5 patients had liver biopsy, 
each showing NRH, sinusoidal dilatation and mild portal lympho-histiocytic 
infiltrate.

Of note, an association of NRH and lymphocytic intra-sinusoidal infiltrate was 
found in up to 87% of liver biopsies in the French study. The issue of a possible 
relationship between intra-sinusoidal CD8+ T cells and endothelial cell damage 
has been addressed in the study from Ziol et  al. [16]. In this study, an intra- 
sinusoidal infiltrate was described in 14 of 44 patients with NRH associated with 
diverse diseases, including a few CVID patients. Some patients had complete 
resolution of lymphocyte infiltrate on repeated biopsies, suggesting that it could 
be either transient or patchy. On biopsy samples, intra-sinusoidal lymphocytes 
were not randomly distributed, but were preferentially located next to atrophic 
liver cell plates, in close contact with apoptotic endothelial cells. Comparison of 
T-cell repertoires from liver lymphoid infiltrate and from blood lymphocytes 
showed marked differences, indicating that the liver T-cell expansions were liver-
specific. Among other, endothelial sinusoidal cells can act as antigen presenting 
cells, leading to CD8+ cytotoxic T cells activation at high antigen concentration 
[17]. In CVID patients, the activated cytotoxic T cells infiltrating the liver sinu-
soids might arise from a local antigen driven process targeting the endothelium 
and being responsible for the chronic sinusoidal cell injury and NRH. The hypo-
thetic antigen presented by the liver endothelial cells and driving this immune 
activation is not known. Of note, liver damage is strongly associated with enter-
opathy in CVID patients [12], suggesting a pathogenic role of the gut-liver axis 
[18]. The association ofhepatic vessel disorders with hepatic granulomas, reported 
in a few CVID patients, has already been described in the setting of sarcoidosis, 
with a report of 100 liver biopsy showing 20% of patients having vascular changes, 
consisting of sinusoïdal dilatation (14 patients) or NRH (9 patients) [19]. In addi-
tion, this association is also described in chronic granulomatous disease 
(see below).
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 Evolution and Outcome

In the study by Fuss et al., most NRH patients presented initially with increased 
alkaline phosphatase (ALP) level, first observed at a mean of 7.8 +/− 2.8  years 
(range 2 to 19 years) after the time of CVID diagnosis [11]. Regarding liver disease 
course, there seems to be several patterns, and the authors suggest that NRH could 
evolve through three distinct courses: in a minority of patients (3/14), the liver dis-
ease remained non-progressive, while in a larger proportion (6/14) the disease 
developed slowly towards portal hypertension and hypersplenism. Finally, a small 
group of patients, presenting with an associated auto-immune hepatitis like liver 
disease, had a more severe course, developing severe liver dysfunction within a 
short period of time (1–2 years), leading in most case to death.

In the British study from Ward et  al., 12 out of 13 NRH patients had raised 
ALP. Three different types of ALP course were identified: the most common pattern 
of ALP derangement was a progressive elevation, observed in 6 of 13 patients; 2 
patients had fluctuating ALP; and four had only a transient increase [12]. In this 
study, NRH was a common complication, but had an overall benign clinical course, 
rarely complicated by portal hypertension. This is in contrast with the former study 
by Fuss et al., but it is possible that these patients were not followed for a sufficient 
length of time to identify more severe liver disease. Conversely, the French study by 
Malamut et al. reported a high prevalence of portal hypertension (affecting as much 
as 75% of CVID patients with NRH, and 50% of all tested CVID patients), which 
may reflect a selection bias of the study population [10]. Hepato-pulmonary syn-
drome (HPS), an uncommon complication of hepatic vessel disorders, has been 
occasionally reported in CVID [20]. Interestingly, HPS was reported in two mono-
zygotic twin brothers with CVID [21].

Malamut et al. showed a significant association of NRH with autoimmune dis-
eases; this, combined to the observation of intra-sinusoidal T-cell infiltration and 
general lymphocytic abnormalities prompted the authors to propose an auto-immune 
mechanism [10]. At variance with the French study by Malamut et al., there was no 
associationbetween NRH and autoimmune condition in the study by Ward et  al. 
[12]. Interestingly, in this study, enteropathy was reported in 6 out of 13 NRH 
patients and in 5 out of the 95 patients without proven NRH, (P < 0·0001). NRH was 
also associated with granuloma elsewhere in the body: 38% of patients with NRH 
had granuloma anywhere compared with only 10% of those without NRH. There 
was a strong association of NRH with lymphoproliferation (p =  0·0002), but no 
associations between NRH and age at CVID onset (P = 0·84), age at CVID diagno-
sis (p = 0·43), delay in diagnosis (p = 0·15) or length of Ig therapy (p = 0·17). In the 
Italian study by Pulvirenti et al., spleno-portal axis abnormalities were more fre-
quent in the CVID group with profound T cell impairment, referred to as LOCID, 
for Late Onset Combined Immune Deficiency (7 of 17, 2 patients with NRH) [13, 
22]. In this study, CVID patients with NRH had a higher prevalence of gastroenteri-
tis (p = 0.0002), lymphoid nodular hyperplasia (p = 0.009) and auto-immune mani-
festations (p = 0.03). Overall, CVID patients with NRH are more likely to have « 
Disease-related complications » than those without NRH.
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Unlike other « Disease-related complications » usually diagnosed close to CVID 
diagnosis, NRH is a late event in the course of the disease, occurring several years 
after CVID diagnosis.

 Primary Predominantly Antibody Deficiencies (PAD) 
Due to Monogenic Defects

Interestingly, prior studies have demonstrated disorders of hepatic vessels in a con-
stellation of inherited primary antibody deficiencies resulting from disease-causing 
genes, and thus excluded from CVID by definition. For example, NRH was occa-
sionally reported in the setting of X-linked agammaglobulinemia and in hyper IgM 
syndrome [10, 13], in ADA2 deficiency [23], in leaky severe combined immune 
deficiency due to mutation in interleukin-2 receptor gamma chain gene [24]. In our 
center, NRH was also identified in two siblings with X-linked lymphoproliferative 
disease; in one patient with gain-of-function mutation ofSTAT1; in one patient with 
Immunodeficiency, Centromeric Instability and Facial Anomalies (ICF) type 2 syn-
drome due to mutation in ZBTB24; in one patient with mutation in LRBA; and in one 
patient with mutation in CTLA4 (unpublished personal observations).

In summary, hepatic vessel disorders are scarcely reported in several different 
monogenic defects having in common an impaired antibody immune response, 
which is in favor of disorders of hepatic vessels being a consequence of hypogam-
maglobulinemia. Few cases of hepatic vessel disorders have been reported prior to 
any Ig perfusion, making unlikely the hypothesis that these disorders would be the 
consequence of regular infusion of plasma derived products.

 Treatment and Liver Transplantation

Correction of serum immunoglobulin G trough level by IgG perfusion is not suffi-
cient to prevent hepatic vessel injury, as the majority of hepatic vessel disorders 
cases develop after several years of Ig replacement therapy. It is worth noting that 
IgA are the main Ig found in mucous secretion of the gastro-intestinal tract, playing 
a crucial role in its defense, yet, Ig preparations contain only trace amounts of 
IgA. At present, there is no way to correct IgA deficiency. Finally, genetic altera-
tions identified  in some PADs may open the way to  targeted biotherapy, such as 
recombinant CTLA4 in CTLA4 and LRBA mutants or anti-TNF in ADA2 deficiency 
[23, 25–27]. It is still unclear whether these therapies are effective in inhibiting the 
progression of liver disease.

The literature on orthotopic liver transplantation for CVID related liver disease 
is limited, with only 12 adult patients reported in a study using meta-analized data 
[28]. Histological examination of liver explants shows portal-sinusoidal disease 
with prominent NRH lesions and CD8 T lymphocytes infiltrate in sinusoids without 
cirrhosis (Fig. 19.1). HPS was the indication for transplantation in four patients, 
while ascites and liver failure was the main reason for liver transplantation in the 
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other patients. The average age at liver transplantation was 45 years, with a MELD 
score of 15. Only 52% of patients were alive after 3 years. Post-transplant course 
was challenging, due to severe immunodeficiency, leading to opportunistic infec-
tions, including cytomegalovirus, toxoplasmosis and invasive fungal infections, and 
malignancy in one case. Early disease recurrence was another issue, affecting 50% 
of patients with a more rapid course of graft NRH compared to pretransplant 
NRH. Recurrence of NRH after transplant has already been described in non CVID 
patients [28]. Furthermore, NRH is not infrequent post-transplant, even when the 
original indication for transplantation is not NRH [29]. It has been postulated that 
post-transplant NRH may be due to azathioprine toxicity or immune-mediated dam-
ages. The reason for the very short timescale to graft NRH recurrence in CVID 
remains unknown. Finally, liver transplantation in CVID remains a challenge, 
prompting a need for discussion to reduce post-transplant risk, with immunosup-
pression reduction and with a better control of infections.

 Conclusion

Predominantly antibody deficiency should be suspected in patients with unex-
plained hepatic vessel disorders. In this respect, personal or family history of infec-
tion, auto-immunity or lymphoproliferation, should be looked for. Serum 
immunoglobulin classes and sub-classes quantitative analysis and extensive immu-
nophenotype should be performed (Table 19.1).

 Chronic Granulomatous Disease

Chronic granulomatous disease (CGD) is an inherited deficiency of phagocyte func-
tion caused by defects in any of the five subunits of the NADPH oxidase complex 
responsible for the respiratory burst. CGD diagnosis can be made by measurement 
of NADPH oxidase activity through the dihydrorhodamine (DHR) flow cytometry 
assayor the nitroblue tetrazolium test (NBT). Patients with CGD are at increased 
risk of life-threatening infections with catalase-positive bacteria and fungi and they 
are prone to inflammatory complications such as colitis mimicking inflammatory 
bowel diseases. CGD usually manifests within the first years of life, however, it may 
be first diagnosed in adulthood. Effective management of CGD relies on prophylac-
tic antibiotics and antifungals along with management of acute infections as they 
occur. In addition, allogenic bone marrow transplantation, best performed early in 
life, can lead to stable remission of CGD [30]. CGD patients are highly susceptible 
to respiratory infections, but other sites are also commonly affected. Liver abscess 
are occurring in as much as 27% of a 368-patient registry [31]. Staphylococcal spe-
cies are the most common organisms responsible for liver abscesses, accounting for 
over 50% of infections. Gram-negative rods (Serratia marcescens, Burkholderia 
cepacia) and fungi (Aspergillus species) are also commonly reported. The marked 
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improvement in prophylaxis and management of infectious complications has 
resulted in a dramatic reduction in mortality of CGD patients. Because patients are 
living longer, noninfectious complications are emerging. Among these complica-
tions, liver disease is common. Hepatic involvement was studied in a cohort of 194 
patients with CGD followed as part of a natural history protocol [32, 33]. Liver 
specimens from 38 patients were reviewed. Granuloma was found in 75% and por-
tal or lobular hepatitis in 95% of specimen. A portal venopathy, consisting of a nar-
rowing or an obliteration of portal veins was present in 24 patients, associated in 
some cases with hypertrophy of the vein wall. Similar changes were found in the 
central vein in 20 patients. Portal and central venopathy were both present in 19 
patients. By multivariate analysis, only the total episodes of liver abscess was sig-
nificantly associated with central venopathy (OR 9.35, 95% CI 1.04–83.3; p 
= 0.046). Nodular regenerative hyperplasia was seen in 9 patients, including 6 of 12 
autopsy specimens. In contrast, only 2 of 19 (10.5%) biopsy specimens from 
patients alive at the end of the follow-up period showed established NRH (P = .044). 
Twenty-four patients died during the study (12%), all from infection. Regression 
analysis identifies progressive thrombocytopenia, ALP increases and a history of 
liver abscess as independent predictors of mortality. Autopsy data and prospective 
evaluation of sinusoidal portal pressure as well as portal vein diameter, support the 
connection between progressive thrombocytopenia and portal hypertension, sug-
gesting that portal hypertension may herald a poor prognosis in CGD and that mor-
tality in CGD is associated with the development of non-cirrhotic portal hypertension.

 Combined Immune-Deficiencies with Associated or 
Syndromic Features

 Telomere Biology Disorders

Telomeres are non-coding repetitive DNA sequences, located on linear chromo-
some ends  that are essential in maintaining chromosomal integrity and stability. 
They are coated by a protein protecting complex, named shelterin, which recruits 
and modulates the telomerase complex, the enzyme responsible for telomere elon-
gation. Telomerase consist of a 4-protein scaffold (dyskerin, NOP10, NHP2, and 
GAR), an RNA template (TERC) and a reverse transcriptase (TERT) [34, 35]. 
Telomerase is active in cells with high replicative demands. Telomere maintenance 
is essential to slow the shortening that occurs with each cell division. When critical 
telomere shortening happens, the cell becomes either senescent or undergoes apop-
tosis. Telomere biology disorders (TBDs) are accelerated ageing syndromes caused 
by inherited gene mutations resulting in shortened telomeres. They are also referred 
to as telomeropathies, or syndromes of telomere shortening. Assessment of telo-
mere length by flow-fluorescence in situ hybridization (flow-FISH) on white blood 
cells is used for laboratory diagnosis. At least 14 genes have been found mutated in 
the TBDs to date [36]. Mutations in genes encoding components of the telomerase 
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or the shelterin protection complex  are the most frequent causative aberrations. 
TBDs encompass a large spectrum of conditions. Dyskeratosis congenita, a disorder 
at the severe end of the spectrum, presents in childhood with the triad of abnormal 
skin pigmentation, nail dystrophy and oral leukoplakia, associated with a high risk 
of bone marrow failure, pulmonary fibrosis and liver disease. The less severe end of 
the spectrum consists of adults with just one of these features. They may show other 
premature aging features like early hair graying and osteoporosis. Liver disease can 
be a first adult-onset presentation of TBDs and is estimated to complicate around 
10% of TBDs. Liver disease  pathology  is heterogeneous  among telomerase- 
mutation carriers, including cryptogenic cirrhosis and NRH [37–39]. Though, some 
pathologic findings are recurrent, and most patients have both inflammatory and 
fibrotic components. Histological examination of liver explants shows extensive 
portal fibrosis or incomplete septal cirrhosis with obliterative portal venopathy and 
NRH-changes in non-fibrotic areas (Fig. 19.2).

Liver disease is also heterogeneous in severity. Notably, the presence of a telom-
erase gene mutation and very short telomeres does not necessarily translate into 
liver disease in each mutation carrier from the same family, and some other genetic 

a

c d

b

Fig. 19.2 Telomeropathy associated with hepatopathy (observed in a patient affected with h-TERT 
gene mutation and transplanted for a severe portal hypertension with hepatopulmonary syndrome). 
(a) The liver explant looks dysmorphic and fibrous. (b) Cut section shows a macronodular paren-
chyma with fine septa. (c) Histologically, portal tracts are enlarged by fibrosis creating incomplete 
septa without cirrhosis. (d) Argentation stain reveals nodular regenerative hyperplasia (NRH) 
(Courtesy of Dr. Cazals-Hatem)
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and environmental factors may be involved to result in the diverse phenotypes. 
Hepato-pulmonary syndrome (HPS) has been described in several cases of 
TBD. HPS was reported in 9 of 42 patients presenting with dyspnea as an initial 
presentation, out of 150 TBD subjects included in the Johns Hopkins Telomere 
syndrome registry [40]. In this series of HPS, median time to death or liver trans-
plantation was 6 years (range, 4–10 years; n = 6). The 9 patients with HPS were 
significantly younger compared to the 33 patients whose dyspnea was related to 
pulmonary fibrosis (median, 25 years versus 55 years; P < .001). NRH was the most 
frequent histopathologic abnormality (67%), and it was seen in the absence of cir-
rhosis. Perivascular and intrahepatocyte iron deposits were also noted, even in the 
absence of prior red blood cell transfusion. The frequent reports of HPS with NRH 
in the genetically homogenous group of patients TBD is remarkable and suggests a 
specific association of HPS with telomere dysfunction. The physiopathology of 
NRH in TBD is unknown. The finding of perivascular iron deposits supports the 
hypothesis that vascular fragility may be a driving event. Environmental factors 
may be involved. One patient developed fatal liver disease after azathioprine admin-
istration [39]. Some patients with dyskeratosis congenital have fatal hepatic compli-
cations after bone marrow transplant [41]. Notably, in the general population, 
prevalence of NRH increases with age as demonstrated in a large autopsy study, 
occurring in 5.6% of individuals over age 80, suggesting an age-dependent mecha-
nism [42].

Liver transplantation (LT) outcomes in patients with TBD are variable. Only four 
cases of LT in adult patients have been reported so far. One patient presented with 
progressive HPS post bone marrow transplantationand showed significant symp-
tomatic improvement at 12 months and was alive and well 22 months after LT [43]. 
Another patient underwent successful liver transplantation at age twenty for a non- 
A, non-B hepatitis that rapidly evolved to sub-massive hepatic necrosis with early 
fibrosis. The patient was alive and well 18 years after transplantation [39]. Finally, 
two other patients underwent LT for HPS [40]. Hypoxia resolved within 3 months 
but both patients subsequently developed idiopathic pulmonary fibrosis, 18 months 
and 12 years post-transplant respectively.

In conclusion, because of their wide-range of possible clinical presentations, 
TBDs are often difficult to identify and diagnose. TBDs should be suspected in 
every patient with idiopathic portal hypertension. In this respect, personal or family 
history of unexplained cytopenias, premature greying of hair or pulmonary fibrosis 
should be looked for. If TBDs were suspected, patient telomere length should be 
assessed (Table 19.1).

 Hepatic Veno-Occlusive Disease with Immunodeficiency Syndrome (VODI)

Hepatic veno-occlusive disease with immunodeficiency syndrome (VODI, 
OMIM235550) is an autosomal recessive primary immunodeficiency associated 
with terminal hepatic lobular vascular occlusion and hepatic lobule zone 3 fibrosis 
[44]. Onset is usually before the age of 6 months. Hepatic veno-occlusive disease in 
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VODI is indistinguishable clinically and pathologically from the sinusoidal obstruc-
tion syndromedescribed after hematopoietic cell transplantation. Immunodeficiency 
in VODI is combined, associating severe hypogammaglobulinemia, absence of 
memory B cells, of lymph node germinal centers, and of tissue plasma cells to clini-
cal evidence of T-cell immunodeficiency (defined by occurrence of opportunistic 
infections including Pneumocystis jirovecii infection, mucocutaneous candidiasis, 
and enteroviral or cytomegalovirus infections) with normal numbers of circulating 
T cellsbut absence of CD4+ memory T cells [45]. VODI is caused by mutations in 
the SP110 gene [46]. SP110 is expressed in T and B lymphocytes, lymph nodes, 
spleen and liver, its structure is consistent with a role in transcriptional regulation. 
The mechanism by which mutations in SP110 leads to decreased T cell and B cell 
function and to sinusoidal injury have yet to be elucidated. VODI has been almost 
only described in patients of Lebanese descent. Patients with VODI often die in the 
first year of life due to either hepatic failure or fulminant infections, if unrecognized 
and untreated with intravenous immunoglobulin and Pneumocystis jiroveci prophy-
laxis. Hematopoietic stem cell transplantation may cure the disease, but high 
transplant- related mortality has been reported, partly because chemotherapy condi-
tioning may exacerbate hepatic veno-occlusion.

In the case of VODI, the very early onset of the liver disease and its invariable 
association with the immune deficiency suggests that it is a primary feature in this 
syndrome. Conversely, in the other PIDs described above, the liver injury is occa-
sional and occurs late in the natural history of the PID, suggesting that it is a second-
ary event.

 Non Malignant Hematologic Disorders Associated 
with Hepatic Vessel Disorders

 Paroxysmal Nocturnal Hemoglobinuria

Paroxysmal nocturnal hemoglobinuria (PNH) is a clonal hematopoietic stem cell 
disorder that manifests with hemolytic anemia, bone marrow failure, and thrombo-
sis. The disease is caused by a somatic mutation in the phosphatidylinositol glycan 
A (PIGA) gene. The PIGA gene product is essential for the correct assembly of 
glycosylphosphatidylinositol (GPI) anchors, used to link several proteins to the cell 
membrane. The acquired mutation in bone marrow stem cells results in a clone of 
blood cells deficient in GPI anchored proteins. Flow cytometric analysis of GPI- 
anchored proteins on blood cells is the gold standard for diagnosis of PNH. Lack of 
GPI anchored complement inhibitory proteins CD55 and CD59 accounts for most 
of the clinical manifestations. CD55 inhibits C3 convertase and CD59 prevents the 
assembly of the complement membrane attack complex at the cell surface. Their 
lack results in increased sensibility to complement-mediated intravascular hemoly-
sis and free hemoglobin release in the plasma leading to  nitric oxide (NO) 
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scavenging. NO depletion inhibits smooth muscle relaxation, causing symptoms 
like abdominal pain and pulmonary hypertension. Apart from hemolysis, another 
prominent feature is a highly increased risk of thrombosis [47] only partially allevi-
ated by anticoagulation [48]. The development of thrombosis is one of the most 
important factors negatively influencing survival. According to the data from the 
international PNH registry, the incidence of thrombosis is 15.5% [49]. 
Thrombosis may occur at any site, although venous thrombosis is more common 
than arterial, affecting unusual location such as splanchnic veins. Hepatic vein 
thrombosis (Budd-Chiari syndrome) accounts for approximately 40% of thrombotic 
events with an associated high mortality [50]. Histological analysis of liver explants 
for chronic Budd Chiari syndrome in this context shows typical inverted cirrhosis 
with veno-venous fibrosis and ancient thrombosis in hepatic veins (Fig. 19.3).

Thrombosis pathogenesis is not fully understood but likely multifactorial [51]. 
Among the many different mechanisms suspected to account for the thrombophilic 
state in PNH are the following factors. First, the absence of GPI-anchored comple-
ment regulatory proteins on PNH platelets results in the formation of prothrombotic 
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Fig. 19.3 Paroxysmal nocturnal hemoglobinuria associated with hepatic veins thrombosis 
(observed in a patient transplanted for chronic Budd Chiari syndrome). (a) The liver explant has a 
congestive and macronodular aspect. (b) Liver cut section shows macronodular cirrhosis with 
congestive parenchymal extinction (top) and well-preserved portal spaces (circle). (c) 
Histologically, fibrosis predominates around obstructed hepatic veins (*) forming veno-venous 
bridges. (d) Regenerative nodules are centered by normal portal tract (circle) indicative of veno- 
centric cirrhosis (Courtesy of Dr. Cazals-Hatem)
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microparticles [52]. Second, NO depletion subsequent to hemolysis contributes to 
platelet activation and aggregation [53]. Third, plasma free hemoglobin can directly 
activate endothelial cells [54]. Finally, C5a release may result in the generation of 
inflammatory cytokines such as IL-6, which promotes thrombin formation. It is 
unclear which of these mechanisms contributes most to thrombosis in PNH. Notably, 
thrombosis risk correlates with PNH clone size [55, 56]. Furthermore, complement 
inhibition is the most effective strategy to reduce thrombosis in PNH [57]. HPN 
management has been dramatically improved by the development of eculizumab, 
approved by the FDA in 2007. This humanized monoclonal antibody blocks the 
activation of terminal complement C5. Eculizimab has been shown to improve ane-
mia [58] and to reduce the incidence rate of thromboembolic events [57]. Thrombosis 
is the most urgent indication to start eculizumab, and many patients will be able to 
discontinue anticoagulation if their PNH is controlled with eculizumab. However, 
thrombosis remains a risk in patients on eculizumab, in particular at times of break-
through haemolysis, triggered for example by infection [50]. Bone marrow trans-
plantation is an alternative curative option in patients with aplastic anemia  in 
countries where eculizimab is not available. However it has historically been associ-
ated with a high treatment related mortality of 40–50% [50].

Prior to eculizimab, thrombosis recurrence risk was high despite anticoagulation 
and patients often required procedure such as transjugular intrahepatic portosys-
temic shunt [59]. In the eculizimab era, patients with Budd Chiari syndrome have 
successfully undergone liver transplantation supported by long term eculizimab 
treatment [60].

 Sickle Cell Disease

Sickle cell disease (SCD) is an autosomal recessive disorder caused by mutations in 
the gene encoding the β-globin chain of hemoglobin. Its incidence is estimated to be 
between 300,000 and 400,000 neonates each year, mostly in individuals of sub- 
Saharan Africa descent [61]. SCD encompasses a group of disorders characterized 
by the presence of at least one mutated hemoglobin S allele (HbS; p.Glu6Val) and a 
second pathogenic variant, resulting in abnormal hemoglobin polymerization. 
Homozygous Hb S/Saccounts for 60%–70% of SCD in the United States. Other 
forms of SCD, usually result from coinheritance of HbS with other abnormal 
β-globin chain variants, the most common being sickle-hemoglobin C disease (Hb 
S/C), a less severe form [62]. In SCD, the mutated β-globin chain causes red blood 
cells to havea sickle shape, especially when under low oxygen tension. The sickled 
erythrocytes are poorly deformable and prone to hemolysis, resulting in acute com-
plications such as severe anemia and ischemic vaso-occlusive accidents related to 
vessel obstruction by red blood cells. Liver acute vaso-occlusive crisis has been 
noted in nearly 10% of patients. It occurs predominantly in patients with homozy-
gous S/S sickle cell anemia, and to a lesser extent in patients with HbS/C disease 
[63]. Liver biopsy performed during hepatic crises shows sinusoidal distension and 
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obstruction by sickle cell aggregates, mild centrilobular necrosis and Kupfer cell 
hypertrophy (Fig. 19.2). The syndrome is self-limited, usually resolving within 3 to 
14 days with intravenous hydration and analgesia. If acute liver failure develops, the 
only potentially effective therapeutic option is liver transplantation, which is chal-
lenging but feasible [64].

Repeated vaso-occlusive crisis and ongoing haemolytic anaemia, even when 
subclinical, lead to parenchymal injury and chronic organ damage, causing progres-
sive multiorgan failure and early mortality. Irreversible chronic organ damages 
involve mainly the brain and kidney; still, chronic liver disease accounts for up to 
11% of death in SCD [65]. Two pathologic studies suggest that chronic hepatic 
lesions are mainly vascular [66, 67]. Altogether, sinusoidal dilatation is observed in 
71 to 88%, ischemic necrosis in up to 35% of liver biopsies, perisinuoidal fibrosis 
in 82% and regenerative changes in 20% as illustrated in Fig.  19.4. Chronic 
hepatic vessel injuries could either result from recurrent microvascular occlusions, 
subsequent necrosis and repair or from an endothelial activation mediated by plasma 
free hemoglobin. Still, iron deposition and accumulation are also important deter-
minants of liver damage in these chronically transfused patients [68]. In SCD, cur-
rently available disease modifying treatments are limited to transfusions and 
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Fig. 19.4 Hepatic and sinusoidal lesions in Sickle-cell disease (liver biopsies done for abnormal 
liver tests). (a) Sickled-red cells are fortuitously found in dilated sinusoids. (b) In vaso-occlusive 
crisis, extensive centrilobular necrosis is observed admixed with massive congestive sinusoidal 
dilatation. (c- d) Sickle-cell disease can generate sinusoidal disruption with slight perisinusoidal 
fibrosis (c) and peliosis (d) (Courtesy of Dr. Cazals-Hatem)
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hydroxycarbamide. Deeper insights into the pathophysiology of SCD have led to 
the development of novel agents targeting cellular adhesion, inflammation or oxi-
dant injury, aimed at preventing acute vaso-occlusive pain events. For example, 
crizanlizumab, a monoclonal antibody directed at P-selectin, an adhesion molecule 
that facilitates cell-to-cell interactions of red blood cells, endothelial cells, white 
blood cells, and platelets, was shown to significantly lower the rate of vaso- occlusive 
crisis in a recent trial [69].

Hematopoetic stem cell transplant is the only curative therapeutic approach, but 
barriers to treatment are substantial and include a lack of suitable donors, immuno-
logic transplant rejection and long-term adverse effects. Pre-transplant poor end- 
organ function can be an issue for older patients. Gene therapy to correct the HbS β 
chain point mutation is under investigation as another curative modality [70].
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Chapter 20
Systemic Diseases Affecting Liver Vessels

A. Le Joncour and D. Saadoun

 Introduction

The liver may be injured during the course of many systemic diseases. A systemic 
etiology of vascular liver disease is found in more than 50% of cases. Systemic dis-
eases such as connective tissue diseases or vasculitis are rare, but they may induce 
hepatic vessel damage and require specific therapeutic management. Therefore, sys-
temic diseases need to be ascertained in every patient with vascular liver disease. 
The mechanisms of injury can be broadly divided into three pathways: vascular, 
toxic, and immune. Vascular obstruction may be an early event but is also the late 
common pathway from all mechanisms. The exact prevalence of these diseases is 
often unknown because of their rarity. We describe here the vascular liver complica-
tions of the main systemic diseases affecting liver vessels (Tables 20.1 and 20.2).
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Table 20.1 Type of vascular liver disease according to systemic diseasea

Systemic Disease Vascular liver Disease

Vasculitis
Behcet’s disease BCS 1–3% (8–26% among angio-Behçet)

Portal vein thrombosis <1%
Arterial aneurysm <1%
NRH < 1%

PAN Cholecystis 2–17%
Hepatic aneurysm <0–20%, spontaneuous rupture: Rare

Connective tissue disease
Anti-phospholipid syndrome BCS <1%

Portal vein thrombosis <<1%
PSVD <<1%
HVOD <<1%
Hepatic infarction << 1% (except in catastrophic APS: 3%)

Lupus PSVD (NRH) 0.3–5%
Hepatic arteritis (autopsy): 20%

Systemic sclerosis NRH 1–4%
Sarcoidosis Portal hypertension: 3%

PSVD (NRH) 0–9%
HVOD (sinusoidal dilatation) 0–14%
BCS <<1%

BCS Budd-Chiari Syndrome; PAN Periarteritis nodosa; PSVD porto-sinusoidal vascular disease; 
HVOD hepatic-veno-occlusive disease; NRH nodular regenerative hyperplasia
afrom [1–23]

Table 20.2 Type of systemic disease according to vascular liver diseasea

Vascular liver disease Systemic disease

BCS Behcet’s disease 2–10%
APS:
Positive aPL: 17–25%
Definite APS: Estimate 10–15%

Portal vein thrombosis Behcet’s disease <<1%
APS:
Positive aPL: 11%
Definite APS: Estimate 5%

PSVD RA 9–16%
APS:
Positive aPL: 4–8%
Definite APS: Unknown
Lupus: 1–4%
SSc: 1–2%

HVOD APS:
Positive aPL: Unknown
Lupus: Unknown
SSc: Unknown

Hepatic aneurysm PAN: 5%
Takayasu: Unknown

BCS Budd-Chiari Syndrome; APS Antiphospholipid syndrome; aPL antiphospholipid antibodies; 
RA rheumatoid arthritis; SSc Systemic sclerosis; PAN Periarteritis nodosa; PSVD porto-sinusoidal 
vascular disease; HVOD hepatic-veno-occlusive disease.
afrom [1–23]
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 Proposed General Pathophysiology

As chronic inflammatory/auto immune diseases are known to increase cardiovascu-
lar risk, mechanisms underlying vascular dysfunction have been widely studied and 
thus help us to understand the pathophysiology of systemic diseases associated liver 
vascular lesions.

Various key players may be involved in vascular damage:

 (a) Inflammatory cytokines such as TNF alpha, IL-6 and IL-1beta interact with 
specific receptors and activate endothelial cells (through JAK-STAT, NF- 
kappaB, and Smad signaling pathways) leading to an inflammatory response 
involving cell adhesion, permeability and apoptosis [24].

 (b) Growing evidences show that innate immunity play a major role in vascular 
homeostasis and dysfunction. Activated neutrophils and macrophages (through 
ROS generation, matrix metalloproteinase, extracellular Traps release) increase 
endothelial expression of adhesion molecules and widens cell–cell junctions, 
which facilitate the migration of leukocytes into inflamed tissue. Proteases 
secreted from leukocytes can damage the glycocalyx layer [25].

 (c) Dysregulation of the adaptive immunity, especially the increase of TH-1/Th-17 
lymphocytes have been show to participate to endothelial cell dysfunction [26, 
27]. Moreover, in some circumstances, autoantibodies have been shown to acti-
vate endothelial cells directly or through activation of the complement system 
[28, 29].

Activated endothelial cells can in turn enhance immune cells chemotactism and 
adhesion thus creating a deleterious loop.

More specifically, liver vessel dysfunction has been studied in inflammatory con-
ditions [30]: during inflammation, expression of ICAM-1 increases and expression 
of vascular cell adhesion molecule-1 (VCAM-1) and CD31 are induced, leading to 
the transendothelial migration of leucocytes. This hepatic endothotelial activation 
and leucocytes recruitment can lead to local microthrombi [31]. The hemodynamic 
disturbances at the level of the hepatic microvasculature lead to apoptosis and hepa-
tocyte atrophy, coexisting with maintained or increased blood supply to adjacent 
acini cells. The local hyperperfusion leads, in turn, to elevated levels of cell growth 
activators which act as autocrine or paracrine peptides. All together these phenom-
ena create an “atrophy-hypertrophy complex” characteristic of nodular regenerative 
hyperplasia (NRH) [32].

 Vasculitis

 Behçet’s Disease

Behçet’s disease (BD) is a chronic systemic vasculitis characterized by mucocuta-
neous, ocular, gastrointestinal and cerebral recurrent lesions. Diagnosis of BD is 
primarily based on clinical manifestations and new criteria of the International 
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Team for the revision of the international criteria for Behçet’s disease are now used 
in numerous studies [33] (Table 20.3). This auto-inflammatory disorder involves 
different vessel types and sizes of the vascular tree and is often complicated by 
recurrent thrombosis, particularly in the venous compartment (found in that almost 
30%). The physiopathology of thrombosis is unknown but may related to innate 
immunity activation. Neutrophils in BD exhibit increased superoxide production 
which potentially contributes to clot formation by fibrinogen oxidation [34]. 
Neutrophils are also prone to undergo NEtosis leading to endothelial activation and 
thrombosis (Le Joncour A et al., submitted).

Budd-Chiari syndrome (BCS) is the most common hepatic manifestation. In 
large series including more than 800 patients, Budd-Chiari syndrome occurs in 1 
to 3% of patients and accounts for 8–26% of patients with vein thrombosis [1–6]. 
Patients with BCS are usually male and younger than those without BCS. The 
prevalence of BD in series of BCS ranges from 2% to more than 10%. Prevalence 
varies depending on the area where from reports originates [7, 35–38]. BD has 
ranked third among causes in countries where BD is prevalent [37]. BD related 
BCS affects young males mainly originating from North Africa and Middle East 
but may also occur in Caucasians. BCS usually presents with fever as part of a 
systemic inflammatory reaction syndrome [3]. Concomitant vena cava thrombosis 
is more frequent in BD-related BCS than in BCS of other aetiology, occurring in 
70% of patients. An intracardiac thrombus is found in almost 30% of patients [3, 
5, 8]. Thus, hepatic vein thrombosis could represent an extension of the vena cava 
thrombus [8] although cases of pure hepatic vein involvement are not rare. 
Approximately two third of the BD patients with BCS had liver-related symptoms 
and signs (ascites, oesophageal varices, etc.). They were at high risk of death, as 
58% of them died at 5  years compared to 10% of those without liver-related 

Table 20.3 Classification criteria for Behçet’s disease

Signs/Symptoms Points

Ocular lesions 2
Genitial aphthosis 2
Oral aphthosis 2
Skin lesions 1
Neurological manifestations 1
Vascular manifestations 1
Positive pathergy test 1
Score Plausibility of BD
4 Probable BD
5 BD highly likely
≥ 6 Almost certainly BD

BD Behçet’s disease
Adapted from the International Criteria for Behçet’s Disease (ICBD)1
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symptoms, p = 0.01 [5]. The remaining patients, who lacked liver related mani-
festations, had a better prognosis probably due to (a) intensive immunosuppres-
sive treatment started before the full-blown disease onset, (b) mild obstruction of 
the hepatic venous outflow, and (c) slowly progressing disease with more chance 
for extensive collateral formation [3, 4]. It is noteworthy that oesophageal varices 
can be a sign of superior vena cava obstruction without hepatic vein obstruction 
[39]. Such oesophageal varices constitute cavocaval collaterals running through 
the portal venous territory. Management of BD-related BCS has not been studied 
in randomized studies. Retrospective data support the idea that immunosuppres-
sive treatments are more efficient than anticoagulant alone in BD thrombosis [40], 
and that anti-TNF alpha might be more effective than conventional immunosup-
pressive therapy [41]. Endovascular angioplasty is often not feasible because of 
long-length of  vena cava obstruction. However, in the  selected cases  where it 
appears feasible, angioplasty  should be considered after immunosuppressive 
treatment has been initiated in order to avoid stent thrombosis (Table 20.4).

Portal vein thrombosis is less prevalent than BCS among BD patients, having 
been reported in a few cases reports [1, 42]. In a series of 844 BD patients, 6 had 
cavernous transformation of the portal vein of whom 5 also had BCS [9].

In BD patients, arterial disorders are less common than venous thrombosis but 
constitute a major cause of death. Aortic aneurysms are the most frequent arterial 
lesions. Aneurysm of the hepatic artery is exceptional as spontaneous rupture has 
been described in only three cases [43–45].

Table 20.4 Differences between Behcet’s disease and antiphospholipid syndrome related BCSa

Behçet’s disease Antiphospholipid syndrome

Epidemiology Young men, African- middle east Women>men
Medical history Oral and/or genital aphtosis, arthralgia, 

thrombo phlebitis, uveitis
Repeated miscarriage, 
obstetrical complication
Idiopathic venous and/or 
arterial thrombosis

Clinical Fever
IVC thrombosis,
Intra cardiac thrombosis

Livedo, mitral valvulopathy, 
stroke, lupus signs

Laboratory 
findings

Inflammatory syndrome Repeatedly detectable:
- Lupus anticoagulant
- Anticardiolipid antibodies
- Antibeta2 gp1 antibodies

Treatment High dose steroids
Plus immunosuppressive drugs or 
monoclonal anti-anti-TNF and 
anticoagulation

Anticoagulation

IVC inferior vena cava
afrom [1–9, 13–16]
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 Periarteritis Nodosa

Polyarteritis nodosa (PAN) is a systemic vasculitis that commonly involves the skin, 
kidneys, nerves, and gastrointestinal tract. When the gallbladder is involved as part 
of a systemic vasculitis, PAN is, by far, the most likely cause. Cholecystitis was 
reported in 2% to 17% of patients with PAN and in up to 40% of autopsied patients 
[46–48].

In an autopsy series of 11 patients with PAN, all patients had hepatic arteritis 
[10]. In a series of 36 patients with hepatic aneurysms, 2 had PAN [11]. PAN is a 
vasculitis involving small-sized and medium-sized arteries, leading to occurrence of 
microaneurysms in mesenteric vessels. Medium-sized arteries involvement is pres-
ent in about 40% of cases [12, 48]. Aneurysms of hepatic arteries are observed in 
0–20% of cases [12, 48]. Rare cases report have described spontaneous rupture of 
hepatic aneurysm [49–52]. Besides hepatic aneurysms, artermal occlusions can 
account for 80% of vasculitis lesions [12].

 Other Vasculitis

 1. Giant Cell Arteritis

Giant cell arteritis is a large vessel granulomatous vasculitis. Abnormal liver test 
results—mostly increased serum alkaline phosphatase and gamma-glutamyl trans-
peptidase levels are found in in 50–70% of cases. The mechanisms for abnormal 
liver tests remain uncertain. It has been hypothesized that cholestasis result from 
ischaemic injury and cytokine release. Some cases report demonstrated non- 
caseating epithelioid cell granulomatous inflammation of medium-sized arterioles 
within the portal tracts and disruption of the elastic laminae [53, 54]. Liver involve-
ment does not seem to impact the prognosis of giant cell arteritis. Hepatic lesions, 
such as arteritis, are segmental and focal and are thus difficult to highlight in histo-
logic samples. Thus, it is not mandatory to perform systematic liver biopsy in 
patients with giant cell arteritis.

 2. Takayasu arteritis

Takayasu arteritis is a chronic inflammatory vasculitis that affects aorta and its 
major branches. Hepatic artery involvement has not been described in Takayasu 
arteritis.

However, two cases of sinusoidal dilatation in patients with Takayasu arteritis 
have been published. They responded to steroids therapy [55].

 3. ANCA-associated vasculitis

Abnormal liver test results are found in half of the patient with ANCA-associated 
vasculitis and are correlated with disease activity [56]. Similar to giant cell arteritis, 
one explanation could be a gallbladder or bile duct vasculitis. Indeed, charts review 
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of 61 cases of gallbladder vasculitis found that ANCA-associated vasculitis was the 
present in 13% of cases [57]. The other possible explanation for abnormal liver test 
results is granulomatous hepatitis [58].

 Connective Tissue Disease

 Anti-Phospholipid Syndrome

The antiphospholipid syndrome (APS) is an acquired thrombophilic disorder in 
which autoantibodies to a variety of phospholipids determinants of cell membranes 
or phospholipid binding proteins are produced. Clinical features for definite APS 
include vascular thrombosis (arterial and/or venous or small-vessels) that must be 
diagnosed on the basis of objective criteria; and pregnancy morbidity. APS is char-
acterized by a hypercoagulable state potentially resulting in thrombosis of all seg-
ments of the vascular bed. APS is considered “primary” when not associated with 
other underlying disease; or “secondary” when it appears in association with other 
autoimmune disorders, mainly systemic lupus erythematosus (SLE). It is suggested 
that thrombosis in APS is the consequence of complement system activation by aPL 
antibodies that in turn lead to endothelial cell activation and thrombosis [59].

In series of BCS patients, anti-phospholipids antibodies tested positive in 
17–25% [7, 13]. Thus APS might be regarded as the third most common prothrom-
botic factor in BCS patients. However, APS diagnosis is challenging due to the poor 
specificity of antiphospholipid antibodies, especially in patients with chronic liver 
disease. Indeed, in a systematic review and meta-analysis, Qi et al. suggested that 
there is insufficient evidence regarding the association between anti-phospholipid 
antibodies and BCS [60]. In BCS patients, the estimated prevalence of definite APS 
is about 10–15% of BCS. Presence of lupus anticoagulant provides stronger evi-
dence for antiphospholipid syndrome than anti beta2 glycoprotein-1 antibodies, 
while anticardiolipin antibodies appear to be the least specific feature unless repeat-
edly detected at high titers [61] (Table 20.4).

BCS seems to be an uncommon thrombotic manifestation of APS. In a cohort of 
1000 European patients 0.7% had a BCS [14], while among 450 Asian patients, 
none had a BCS [62]. Espinosa et al. reviewed 43 cases of APS related BCS reported 
in the literature. In 65% of the patients, BCS was inaugural. The acute, chronic and 
fulminant variants of BCS were found in 70%, 23 and 7% of cases respectively [63].

In series of patients with portal vein thrombosis, anti-phospholipid antibodies are 
found in 10% of cases [64, 65] but the estimated prevalence of definite APS is prob-
ably around 5% [66]. Rare case reports describe definite APS with portal vein 
thrombosis.

APS associated venous thrombosis requires prolonged anticoagulation therapy 
with vitamin K antagonist (VKA). Direct oral anticoagulants (DOAC) are currently 
not recommended in this situation [67]. Indeed, a recent randomised study compar-
ing efficacy and safety of VKA and DOAC in primary APS patients was 
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prematurely stopped because of a high number of thrombotic events in the DOAC 
arm [67]. However, this study only included patients with so-called triple positivity 
of aPL antibodies, i.e. APS patients that are at highest risk of recurrent thrombosis 
[68]. Furthermore, another randomised open label controlled study enrolling 116 
patients with APS did not find statistical differences between VKA and DOAC (but 
thrombotic event did not occur in any group) [69]. Hydroxychloroquine and specific 
immunosuppressive agent can be needed in secondary APS.

The term porto-sinusoidal vascular disease (PSVD) has been recently proposed 
to group together with idiopathic non-cirrhotic portal hypertension, nodular regen-
erative hyperplasia (NRH) and/or obliterative portal venopathy. Several reports 
have documented a relationship between NRH and APS [15, 70–72]. Perez-Ruiz 
et al. first suggested a role for aPL in the pathogenesis of NRH, four out of seven 
patients with rheumatic disorders and NRH, had positive lupus anticoagulant test 
[15]. Sera from 13 patients with histologically defined NRH were tested for aPL, 
77% of the NRH patients had aPL compared with 14% of the patients with autoim-
mune liver diseases and healthy controls (P < 0.05) [73]. NRH may be more preva-
lent among secondary APL.  Indeed, NRH can also be a complication of other 
connective diseases such as rheumatoid arthritis and SLE (see below).

The association between hepatic-veno-occlusive disease (HVOD) and APS was 
first described by Pappas et al. [74] in a patient with systemic lupus erythematosus 
(SLE) and false positive VDRL. Still, in SLE, only rare cases with aPL in associa-
tion with HVOD have been documented [75, 76]. Saadoun et al. described 11 cases 
of sinusoidal dilatation in patient positive for antiphospholipid antibodies [16].

Several cases of hepatic infarction have been reported in association with APS, 
especially in pregnant or post-term women [77, 78]. Most of these cases were present 
in catastrophic APS, which is characterized by thrombosis occurring in at least three 
organs within 1 week. It is an extremely rare variant of APS carrying a mortality rate 
of 46% to 50%. Gomez-Puerta et al. analysed 15 patients with catastrophic APS dur-
ing pregnancy and found manifestations resembling HELLP syndrome in half of the 
cases, including three cases of hepatic infarction [79]. In a retrospective review of the 
abdominal computed tomographic scans in 215 APS patients, out of 42 patients with 
abdominal thrombosis, only one patient with hepatic infarction was reported [80].

In a review of 250 patients with catastrophic APS, there was liver involvement in 
34% of patients, while at autopsies 84.5% had hepatic microthrombi and 3.1% 
hepatic infarction [81, 82].

 Systemic Lupus

Systemic lupus erythematosus (SLE) is an autoimmune disease known to affect a 
variety of organ systems.

The association NRH, a component of PSVD, and SLE was described in several 
cases reports. It has been found in 0.3–6% of autopsy cases [17], and 5% of 35 
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patients who systematically underwent Doppler ultrasonography [18]. The exact 
prevalence in SLE as well as the relationship with antiphospholipid antibodies are 
difficult to assess and both may be underestimated in population-based studies.

An autopsy series found hepatic arteritis in 21% and peliosis in 12% of cases 
[17] but the clinical significance of these findings remain unclear.

 Systemic Sclerosis

Systemic sclerosis is a connective tissue disease characterized by vasculopathy, 
fibrosis, and immune dysfunction.

In a series, 278 patients with established systemic sclerosis 4 patients were diag-
nosed with biopsy-proven NRH resulting in a prevalence of 1.4% [19]. Graf et al. 
also collected 22 other cases in the literature [19]. It is important to note that none 
of the reported patients were under treatment with azathioprine, a drug associated 
with the development of NRH (see Chap. 21). Most of the patients had portal hyper-
tension symptoms and increased serum alkaline phosphate land gamma glutamyl 
transpeptidase levels. Therefore, patients with systemic sclerosis and features of 
persistent cholestasis of unknown origin should be considered for Doppler ultra-
sound and liver biopsy to check for PVSD.

 Rheumatoid Arthritis

The association of NRH and rheumatoid arthritis (RA) (i.e. especially in Felty’s 
syndrome) is generally accepted although its exact prevalence among RA patients is 
unknown. Blendis et al. did not observe any instance of NRH at autopsy in 51 RA 
patients [83]. On the other hand, the prevalence of RA among patients with NRH 
has been well studied. Wanless et al. reviewed 2500 autopsies, and found 64 having 
NRH. Among the latter, 6 had RA (9%) and among them, two third presented with 
Felty’s syndrome. In a review of the literature, 180 cases of NRH were analyzed, 30 
of whom had RA (16.7%). Among the 30 patients with RA and NRH, 25 (83%) had 
Felty’s syndrome. They estimated that patient with RA had five-fold increased risk 
having NRH compare to controls [15, 84–86]. It is difficult to assess the exact role 
of medication in these autopsy cases.

Sinusoidal dilatation is a rare condition. A survey of 100 consecutive patients 
with adult RA without clinical evidence of liver disease identified  32 cases 
with  -  mostly minor  - abnormalities of  liver test results. Liver biopsies were 
obtained in eight of these patients. The most striking finding was the presence of 
sinusoidal dilation in all samples, with a normal central vein and preservation of 
hepatic architecture [87]. Such findings results were not found in other studies 
[20, 83].
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 Sarcoidosis

Sarcoidosis is a systemic granulomatous disease of unknown aetiology and involves 
many organs. The liver is frequently involved but rarely does this involvement give 
rise to symptoms. The most common histopathological manifestation consist in 
non-caseating hepatic granulomas found in approximately 24–85% of patients with 
sarcoidosis.

Sarcoidosis and portal hypertension is not uncommon, having mostly been 
reported as single cases or small series. Portal hypertension was described in only 
3% of 180 patients with hepatic sarcoidosis [20]. Portal hypertension is associated 
with, and likely secondary to cirrhosis in 25% of cases of portal hypertension. In the 
remaining cases the aetiology is not completely understood. NRH is found in 9% 
[20, 21]. Maddrey et al. suggested that small arterial-venous shunts may be formed 
in the region of the granulomas in the liver, resulting in elevated portal blood flow 
that leads to a compensatory increase in intrahepatic resistance [22]. Another pro-
posed mechanism is that presinusoidal obstruction by granulomas in the portal vein 
causes an increase in pressure and restrict flow [21].

Management of symptomatic liver involvement in sarcoidosis requires sys-
temic steroids and occasionally immune suppressants. Bilal et al. have reported 
encouraging long term results of liver transplantation in a single center experi-
ence [23].

Budd Chiari syndrome has been described in rare patients with sarcoidosis. It 
can be speculated that hepatic vein obstruction resulted from extrinsic compression 
by inflammation and oedema related to sarcoid granulomas.

 Drug Toxicity

As all clinical or biological manifestations that occur during the clinical course of 
systemic diseases, hepatic disorders (including vascular liver disorders) may be sec-
ondary to drug toxicity. Indeed, azathioprine, a drug commonly used to treat vascu-
litis and connective tissue diseases has been associated with vascular liver disease. 
This aspect is discussed in Chap. 21.
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Chapter 21
Drugs and Toxins Affecting Liver Vessels

Laure Elkrief and Laura Rubbia-Brandt

Abbreviations

DILI drug induced liver injury
HIV human immunodeficiency virus
NRH nodular regenerative hyperplasia
SOS sinusoidal obstruction syndrome

 Introduction

Drug-induced hepatotoxicity includes toxicity related to conventional medications, 
as well as herbal medicine and dietary supplements [1]. Drugs can affect all liver 
structures, including hepatic vessels. Drugs have thus been associated with a wide 
spectrum of vascular liver diseases, including thromboses of the large veins (i.e 
Budd-Chiari syndrome and portal vein thrombosis) as well as microvascular injury - 
including porto-sinusoidal vascular disease (PSVD) - and sinusoidal lesions, includ-
ing sinusoidal obstruction syndrome (SOS)  also named veno-occlusive disease, 
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peliosis, and isolated sinusoidal distension. The most frequently reported drugs asso-
ciated with vascular liver injury are as follows, in decreasing order of frequency: (i) 
hormones, (ii) thiopurines, (iii) didanosine, (iv) oxaliplatin, and (vi) toxins. This 
chapter provides an overview of the spectrum of vascular liver lesions related to these 
agents, and discusses the responsibility of individual agents in the development of 
vascular liver lesions. For a discussion of vascular disorder occurring in the context 
of hematopoietic stem cell transplantation the reader is referred to Chap. 10.

 Epidemiology and Diagnosis of Drug-Induced Vascular 
Liver Diseases

The incidence of drug induced liver injury (DILI) in general is largely unknown 
because of the paucity of prospective studies and the relatively low frequency of 
liver injury attributable to drugs. Reported incidence in recent studies ranges from 
14 to 19 per 100,000 inhabitants per year [2, 3]. There is marked geographic vari-
ability in the agents responsible for drug-induced liver diseases. In Western coun-
tries, the majority of cases are associated with conventional medications, whereas in 
Asian countries, herbal and dietary supplements rather than conventional medica-
tions constitute the most common causes [4]. Of note, the proportion of DILI related 
to herbals and dietary supplements appears to be increasing in Western countries 
[5]. Diagnosing DILI is challenging; especially since alternative causes for liver 
injury and/or concomitant medications are frequent [6]. DILI mainly represents a 
clinical diagnosis that relies on several parameters in the medical history, presenta-
tion, laboratory results, and subsequent course. The elements for the diagnosis of 
DILI are summarized in Table  21.1 [7], relying particularly on the exclusion of 

Table 21.1 Key elements for the diagnosis of drug-induced liver injury (adapted from Roussel 
Uclaf Causality Assessment Method (RUCAM) in Drug Induced Liver Injury [7])

 1. Time to damage onset
   From the beginning of the drug
   From the discontinuation of the drug
 2. Course after drug discontinuation
 3. Presence of risk factors
   Alcohol
   Pregnancy
   Age > 55 years
 4. Concomitant medications
 5. Known hepatotoxicity of the implicated drug
   Labeled on the product characteristics
   Previously published
 6. Exclusion of other causes of liver diseases
 7. Response to re-challenge
 8. Pattern of injury at histology (“drug morphological signature”)
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other cause of liver diseases. Liver histology, although dispensable, is most helpful 
for the diagnosis. The pattern of histologic lesions can contribute to identifying the 
causative drug and is particularly helpful when interpreted together with clinical 
presentation.

Vascular liver injury has been reported for more than 1300 conventional medica-
tions, herbal teas, as well as recreative agents. The possible mechanisms of toxicity 
to liver vessels include metabolite-mediated endothelial lesions and activation of 
hepatic stellate cells [8]. The resulting vascular changes consist in sinusoidal cell 
alterations, as well as fibrosis (Table 21.2). The incidence of drug induced vascular 
liver disease, although unknown, is considered to be much less frequent than the 
“classical” DILI encompassing mainly hepatocellular, cholestatic, or mixed pattern 
of injury. Indeed, several specific aspects of drug-induced vascular liver diseases, 
likely hamper the diagnosis, including the following: (i) the clinical presentation of 
drug-induced vascular liver diseases is highly variable, ranging from asymptomatic 
forms with or without mild abnormal liver blood tests, to a clinical syndrome of 
portal hypertension; (ii) the duration between drug therapy initiation and the first 
symptoms varies from days to years, contrasting with the usual timeframe criteria 
accepted for a diagnosis of classical DILI; (iii) liver biopsy is usually indispensable 
for the diagnosis; and (iv) alternative causes for vascular liver disease are frequently 
present.

Table 21.2 Summary of drug-induced vascular changes

Mechanism involved Lesions
Drug 
examples Toxin example

Hypercoagulability Venous thrombosis Oral 
contraceptive

Drug-metabolite mediated 
sinusoidal damage

Sinusoidal dilatation Oral 
contraceptive
Azathioprine
Oxaliplatin
Didanosin

Pyrrozilidine 
alcaloids
Arsenic
Vinyl chloride 
monomer

Peliosis Anabolic 
steroids
Azathioprine
Oxaliplatin
Didanosin
Arsenical

Pyrrozilidine 
alcaloids
Arsenic

Sinusoidal obstruction 
syndrome

Azathioprine
Oxaliplatin

Pyrrozilidine 
alcaloids

Porto-sinusoidal 
vascular disease

Azathioprine
Oxaliplatin
Didanosin

Perisinusoidal fibrosis Azathioprine
Oxaliplatin
Didanosin

Arsenic
Vinyl chloryd 
monomer

Hepatic stellate cells activation Perisinusoidal fibrosis Vitamin A
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 Hormones-Associated Vascular Liver Lesions

 Oral Contraceptive Agents

The vascular toxicity of oral contraceptive agents has been attributed to the combi-
nation of ethynylestradiol and a progestogen. Vascular liver changes associated with 
oral contraceptive agents include thrombosis of the large veins (i.e Budd-Chiari 
syndrome and portal vein thrombosis), and sinusoidal dilatation.

 Budd-Chiari Syndrome and Portal Vein Thrombosis

Since the early 1960s, it has been well documented that combined estroprogesta-
tive oral contraceptives are associated with a two- to six-fold increase in the risk 
of venous thrombosis [9]. The risk of venous thrombosis has been related to the 
dose of ethynilestradiol and the type of progestogen [10]. Up to 74% of western 
women with Budd-Chiari syndrome had been using oral contraceptive agents 
[11, 12]. This might explain the female predominance observed in patients with 
Budd-Chiari syndrome [12]. The risk of Budd-Chiari syndrome was significantly 
increased in recent first-generation oral contraceptive users (i.e containing 
150 μg of ethynilestradiol) than in non-users [13]. However, when an extensive 
workup is performed, an additional factor was found in 80% of women with 
Budd-Chiari syndrome using oral contraceptive agents; moreover, oral contra-
ceptive use was the only causal factor in only 10% of Budd-Chiari women [14]. 
The manifestations of Budd-Chiari syndrome were similar between oral contra-
ceptive users and non-users [13].

Oral contraceptive use has also been frequently found (up to 48%) in women 
with portal vein thrombosis [15, 16]. However, the mere exposure to oral con-
traceptive agents does not appear to cause portal vein thrombosis. Indeed, a 
female predominance has not been reported among patients with portal vein 
thrombosis, which contrasts with what has been observed in patients with Budd 
Chiari syndrome [15, 17–19]. Furthermore, in an Italian case-control study, oral 
contraceptive use was associated with deep vein thrombosis, but not with portal 
vein thrombosis [17]. Oral contraceptive use was associated with portal vein 
thrombosis only when local or other general prothrombotic factors were present 
[14, 16].

Altogether, these data suggest that combined first generation oral contraceptive 
agents are a causal factor for Budd-Chiari syndrome; this association is less clear 
for second or third generation contraceptive agents. The association between oral 
contraceptive agents and portal vein thrombosis has not been well-established. Oral 
combined contraception discontinuation is recommended both in women with 
Budd-Chiari syndrome and in those with portal vein thrombosis [20]. Progestin- 
only contraception does not increase the risk of venous thromboembolism [21] and 
therefore can be considered in women with a history of Budd-Chiari syndrome or 
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portal vein thrombosis. Data on safety of hormonal substitution in these patients are 
not available.

 Sinusoidal Dilatation

Isolated sinusoidal dilatation (i.e. in the absence of more specific histologic lesions, 
namely SOS, atrophy or regenerative changes of hepatocytes, or perisinusoidal 
fibrosis) has been reported in oral contraceptive users. Most cases were reported in 
the 1970s when the estrogen content of oral contraceptives was high [22–25]. 
Reported clinical manifestations included abdominal pain, hepatomegaly, and ele-
vated serum alkaline phosphatases [22, 23, 25]. Time to resolution after oral contra-
ceptives discontinuation ranged from days to years [26].

The direct role of oral contraceptives as a cause for sinusoidal dilatation is far 
from clear, because in most reported cases the criteria for causality assessment were 
not fulfilled [26]. (Table 21.1).

 Anabolic Steroids

Anabolic androgen steroids may be used for treatment of aplastic anemia or hypo-
gonadism as well as for enhancing performance and muscles development in body 
building. Anabolic androgen steroids have been mainly associated with peliosis. 
Peliosis is characterized by different-sized lobular cystic blood lakes, randomly dis-
tributed throughout the lobule [27]. Peliosis harbors a total rupture of the reticulin 
fibers of the perisinusoidal space. The mechanism by which peliosis affects steroids 
users is not known. Clinical manifestations have varied from right upper quadrant 
discomfort and hepatomegaly to sudden abdominal pain and hemorrhagic shock 
due to hepatic rupture and hemoperitoneum. Peliosis may also be a purely inciden-
tal finding. Importantly, another cause for liver disease was not present in the 
reported cases. Peliosis associated with anabolic androgen steroids usually reverses, 
at least in part, after discontinuation [26, 28].

Altogether, these data are in favor or a direct role of anabolic steroids as a causal 
factor for peliosis, although the mechanism is not known.

 Thiopurines

Thiopurines include azathioprine, mercaptopurine and thioguanine, all of which are 
sulphur substituted purine bases. The prototype of this class is mercaptopurine 
which was introduced into clinical medicine in the 1950’s, largely as an antineo-
plastic agent. Azathioprine was developed and introduced into clinical medicine in 
the mid-1960’s.
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 Azathioprine

Azathioprine is used as an immunosuppressive agent in organ transplantation to 
prevent rejection and in autoimmune diseases as a corticosteroid sparing agent. 
Azathioprine has been long regarded as a leading cause of vascular liver lesions. 
Nodular regenerative hyperplasia (NRH) has been the most frequently reported 
entity [29, 30]. Other reported lesions include SOS [31, 32], peliosis [33–35], and 
sinusoidal dilatation [36].

Azathioprine has mostly been associated with NRH in patients with ulcerative 
colitis and Crohn’s disease [37–39]. It has also been associated with vascular liver 
injury (including sinusoidal lesions and NRH) after liver [40], or renal transplanta-
tion [29, 30, 34, 41, 42] (Fig. 21.1). NRH has also been reported in patients with 
other inflammatory disorders, treated with azathioprine [43–45]. Vascular lesions 
have not been reported in patients with autoimmune hepatitis treated with 
azathioprine.

In patients with Crohn’s disease treated with azathioprine, the cumulative inci-
dence of NRH was 0.6% and 1.3% at 5 and 10 years, respectively [37]. Male gender, 
older age, and stricturing disease/small bowel resection have been associated with 
NRH [37, 39]. Of note, NRH has been reported in 6% of the patients with inflam-
matory bowel disease naïve of thiopurines [46]. NRH has also been reported in liver 
transplant recipients not treated with azathioprine [47].

Azathioprine has been postulated to directly damage hepatic sinusoidal endothe-
lial cells and/or small hepatic and portal veins [29]. DeLeve et  al. demonstrated 
in vitro that azathioprine was selectively toxic to murine sinusoidal endothelial cells 
(but not hepatocytes), by depleting cellular glutathione stores [48]. However, the 
link between azathioprine and vascular liver lesions remain unclear, for the 

a b

Fig. 21.1 Liver biopsy performed in a patient with abnormal liver blood tests, treated with aza-
thioprine after renal transplantation (a) Low-power examination on hematoxyllin & Eosin stain 
shows severe sinusoidal dilatation and peliosis. (b) A new liver biopsy was performed 2 years later 
(and azathioprine discontinuation): high-power field examination on reticulin stain shows a regen-
erative nodule made of enlarged hepatocytic cells centred by portal tracts and delineated at the 
periphery by atrophic hepatocytes corresponding to nodular regenerative hyperplasia
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following reasons: (i) there is no animal model of azathioprine induced vascular 
liver injury; (ii) dose relationship is not obvious; and (iii) underlying conditions for 
which azathioprine was administered have been reported to be associated with sinu-
soidal changes. Regression after azathioprine discontinuation has been reported [49].

Altogether, these data indicate that azathioprine has been mostly associated with 
the occurrence of NRH. However, the imputability is low (Table 21.3). Despite the 
low level of evidence for a direct role of azathioprine on vascular liver lesions, drug 
discontinuation has to be considered, especially if an alternative therapy is available.

 Thioguanine

Thioguanine has been commonly used in the therapy of hematologic neoplasms, as 
well as a steroid sparing agent in the treatment of autoimmune diseases, especially 
in patients with inflammatory bowel diseases.

SOS [50, 51] and peliosis [52] have been reported in patients with hematological 
neoplasm, treated with high-dose chemotherapy including thioguanine. NRH and/
or SOS have also been reported in patients with inflammatory bowel diseases treated 
with thioguanine. The incidence is highly variables among studies, ranging from 

Table 21.3 Summary of the criteria for the imputability of azathioprine and oxaliplatin related 
vascular liver disease

Thiopurines Oxaliplatin

Time to damage onset 
and dose relationship

Variable
No dose relationship for 
azathioprine therapy
Dose relationship in patients 
treated with thioguanine

Yes
More frequent in patients who 
received more than 6 
chemotherapy cycles
Vascular lesions not described in 
patients treated with surgery 
alone

Course after drug 
discontinuation

Variable
(improvement, stability or 
aggravation)

Regression after 
discontinuation

Presence of risk factors In patients with IBD, NRH is 
associated with
History of intestinal resection
Age

Concomitant medications Not reported Not reported
Pathophysiological 
rationale

No animal model Animal model developed
Bevacizumab has a protective 
affect

Exclusion of other causes 
of liver diseases

No
Underlying conditions are 
known to be associated with 
vascular liver lesions

Yes

IBD inflammatory bowel disease; NRH nodular regenerative hyperplasia
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0% to 62% [39, 53]. The incidence of SOS and/or NRH may be related to thiogua-
nine dosing, since it was more frequently observed in patients receiving high-dose 
thioguanine or with high circulating thioguanine nucleotides levels [39]. In a recent 
study of 111 patients with inflammatory bowel disease who were treated with low- 
dose thioguanine (daily dose of 0.3  mg/kg for a median duration of 20 (4–64) 
months), and who had liver biopsy as part of the toxicity screening, nodular regen-
erative hyperplasia was detected in only 6% of the patients. No patient had manifes-
tations of portal hypertension [54]. Thioguanine discontinuation has been associated 
with a decrease in hepatic venous pressure gradient [55]. Ability of thioguanine to 
induce SOS has recently been validated in an animal model [56]. In this model, SOS 
occurrence is dependent on thioguanine dose, and mediated by thioguanine nucleo-
tides. These data suggest that split dosing regimen of thioguanine can prevent SOS, 
by reducing the concentration of thioguanine nucleotides in the hepatic circulation. 
Cotherapy of thioguanine and allopurinol, to optimize therapeutic thioguanine 
nucleotides levels, may also be an effective preventive strategy [57].

Altogether these data suggest that the incidence of SOS and/or NRH is low in 
patients treated with current low-dose thioguanine regimens.

 Oxaliplatin

The liver toxicity of oxaliplatin has been described in the context of neoadjuvant 
chemotherapy regimen used for downstaging colorectal liver metastasis before sur-
gical hepatic resection. Vascular liver lesions have been described in up to 60% of 
patients receiving oxaliplatin-based chemotherapy for colon cancer [58–62]. By 
contrast, they have not been described in patients with colorectal metastasis treated 
with surgery alone or with other chemotherapy regimens [58, 59]. The anti-VEGF 
bevacizumab appears to decrease the risk of vascular liver injury following oxalipla-
tin administration [59, 63]. Oxalipatin has been associated with various types of 
microvascular hepatic lesions, which may all occur in various combinations. 
Sinusoidal alterations, including SOS, sinusoidal dilatation and peliosis, are the 
most frequent, [58–62] (Fig. 21.2). Occlusion of the centrilobular veins, which is 
considered to be a criterion for increased SOS severity, is found in 50% of oxalipla-
tin related-SOS [58, 59, 61]. In addition to sinusoidal lesions, NRH occurs in up to 
25% of the patients treated with oxaliplatin [59, 62, 64].

Clinical data supporting the link between oxaliplatin and vascular lesions mostly 
relies on (i) the absence of vascular lesions in patients who had surgery alone; and 
(ii) the protective effect of bevacizumab, an antiangiogenic monoclonal antibody, 
on the development of vascular liver lesions. In addition, human and animal studies 
identified shared key processes associated with oxaliplatin-related SOS.  These 
pathways include the activation of the IL-6/STAT3 pathway, the activation of the 
coagulation system, as well as an overexpression of genes involved in cellular 
hypoxia and oxidative stress [65–67].

Before surgery, oxaliplatin-related vascular liver lesions are either asymptomatic 
or only associated with mildly abnormal liver blood tests. AST-to-platelet-ratio-index 
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(APRI) may be helpful for a non-invasive estimation of SOS [60] or NRH [64]. 
Oxaliplatin-based chemotherapy has been associated with non-specific signs of por-
tal hypertension, including thrombocytopenia [60, 64], spleen enlargement [68, 69]. 
Portal-hypertension related complications, including variceal bleeding or ascites 
unrelated to surgery have been rarely reported [70]. Oxaliplatin-related vascular liver 
lesions, especially NRH, negatively impact peri- and post-operative outcomes. 
Oxaliplatin-related vascular liver lesions have been associated with increased red 
blood cell transfusion [61], hepatic complications [60, 71], and postoperative liver 
failure [60, 62], especially after major hepatectomy [64, 72], and more than 
6–12 cycles of oxaliplatin-based chemotherapy [61, 72], but not with an increased 
post-operative mortality [62]. Vascular liver changes can regress after nine months 
without chemotherapy [62].

Altogether, these data bring strong support for an association between oxalipla-
tin and vascular liver lesions, especially SOS and NRH. These lesions have been 
associated with an increased incidence of post-operative complications, but not with 

a b

c

Fig. 21.2 SOS in a patient treated with oxaliplatin before hepatic resection for colorectal liver 
metastasis. (a) Macroscopically, on the cut surface, the liver has congested areas. (b) Low-power 
examination on hematoxyllin & Eosin stain shows large areas of sinusoidal congestion involving 
centrilobular and mediolobular lobular surface. (c) At high-power examination on Trichrome stain, 
severe sinusoidal dilatation outlined by atrophic or interrupted hepatocyte trabeculae. The perisi-
nusoidal space of Disse contains several erythrocytes in close contact with hepatocytes
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increased mortality. There are no clear recommendation for the practical manage-
ment of patients with oxaliplatin-related vascular liver injury.

 Didanosine

Vascular liver lesions in patients with human immunodeficiency virus (HIV) have 
been mostly associated with didanosine. This purine nucleoside analogue and first- 
generation reverse transcriptase inhibitor was widely used in combination with 
other agents in the therapy HIV infection. More than 100 cases of noncirrhotic 
portal hypertension related to HIV infections have been reported worldwide [73]. 
The reported histological lesions include hepatoportal sclerosis, obliterative portal 
venopathy, sinusoidal lesions and fibrosis (centrilobular, perisinusoidal or portal) 
[73–80]. NRH is the most frequent of these lesions, since it accounts for three quar-
ters of the cases. In a recent study of 29 HIV patients with vascular liver alterations 
(of which 90% had been exposed to didanosine), NRH was found in 72% of the 
biopsies, sinusoidal dilatation in 55% and peliosis in 8% [80].

The association between NRH and antiretroviral therapy has been identified 
mostly through case reports and small case-control studies [73, 74, 77, 78]. In these 
studies, 100% of the patients had been exposed to didanosine. However, the evi-
dence for a direct role of didanosine in HIV-related vascular liver diseases remains 
unclear. First, the association between vascular liver diseases and didanosine may 
be related to confounding factors. In particular, the long duration of HIV infection 
may explain that the majority of the patients received didanosine. Furthermore, in 
patients with HIV, vascular liver diseases may be related to other conditions, such 
as increased levels of anti–protein S antibodies [80, 81], or infections. In addition, 
the regression of vascular liver lesions after didanosine discontinuation has not been 
described. Finally, the underlying mechanisms of vascular liver injury is unclear. 
Nucleoside reverse transcriptase inhibitors are known to cause mitochondrial toxic-
ity. The link between the association of steatosis and lactic acidosis and mitochon-
drial toxicity is clear. By contrast, the relationship between vascular liver lesions 
and mitochondrial toxicity is unclear. Nucleoside reverse transcriptase inhibitors 
can cause endothelial dysfunction [82]; in all reports however, the causative agent 
was azathioprine but not didanosine. Lastly, no animal model of vascular liver dis-
ease related to nucleoside reverse transcriptase inhibitors exists.

 Medicinal Plants and Toxins

 Pyrrolizidine Alcaloids

Pyrrozilidine alcaloids are found in more than 6000 plants worldwide [83]. The 
main implicated species are: Heliotroprium, Senecio, Crotalaria, and Symphytum 
(Comfrey) as well as Gynura segetum [84].
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Pyrrozilidine alcaloids have been related to SOS in different contexts. This entity 
was first described in South Africa in 1920 as cirrhosis resulting from Senecio poi-
soning in humans [85]. Epidemics of SOS were described in the 1970’s in India and 
Afghanistan, caused by consumption of wheat contaminated with seeds of Crotalaria 
sp. [86, 87]. Pyrrolizidine poisoning is endemic in areas such as Africa and Jamaica, 
where toxic alkaloids are ingested as infusions, herbal teas, decoctions, or used as 
an enema [84]. In China, SOS is usually caused by herbal medicine containing pyr-
rolizidine alkaloids. The most frequent herbal medicine reported is Tusanqi (i.e., 
Gynura segetum), which is used to relieve pain, improve blood circulation, and dis-
sipate blood stasis. Hepatotoxicity has occurred because of the misuse of G. sege-
tum instead of non-toxic plants in the preparation [88].

The typical histopathological feature of pyrrozilidine alcaloids hepatic toxicity is 
SOS [89], which may lead to complication such as parenchymal necrosis and in 
some cases, fibrosis and even cirrhosis. Different clinical subtypes have been 
described [90]. (i) Acute presentation with marked elevated transaminases, massive 
abdominal swelling and pain; when lesions are extensive, hepatic failure may occur, 
leading to death. This presentation has been associated with hemorrhagic centri-
lobular necrosis. (ii) A subacute presentation with recurrent ascites, splenomegaly 
and hepatomegaly. This presentation has been associated with extensive fibrosis in 
centrilobular areas. And (iii), a chronic variant indistinguishable at bedside from 
cirrhosis of other origin, but showing a venocentric type of cirrhosis at histological 
examination. In a recent systematic review of Tusanqi-related SOS, reported after 
1999, ascites was present in all patients [88]. Other symptoms included hepato-
megaly (85%), jaundice (58%), pleural effusion (37%), lower limb edema (37%), 
and splenomegaly (31%). Gastro-esophageal varices and upper gastrointestinal 
bleeding are rarely observed. Contrast enhanced computed tomography may be 
helpful for non-invasive diagnosis of pyrrozilidine-associated related SOS: patchy 
enhancement and heterogeneous hypoattenuation of the liver parenchyma are fea-
tures. Other findings include ascites (100%), hepatomegaly (80%), gallbladder wall 
thickening (87%), pleural effusion (70%), hepatic vein narrowing (87%) [91]. One- 
year cumulative survival was 80% in patients with Tusanqi-related SOS and after 
Tusanqi discontinuation, complete recovery occurred in around 40% of the patients, 
[88]. The detection of pyrrole–protein adducts is specific of pyrrozilidine alkaloids- 
related toxicity, and thus could be used as diagnostic biomarker of pyrrozilidine 
alkaloids related SOS [92].

The direct responsibility of pyrrolizidine alkaloids in inducing liver sinusoidal 
lesions has been demonstrated using animal models [93]. A reproducible rat model 
was eventually developed consisting of gavage with monocrotaline, a pyrrolizidine 
alkaloid, for 1 to 10 days before sacrifice [48]. This model showed early injury to 
sinusoidal and central vein endothelium, preceding the development of veno- 
occlusive lesions. Coagulative necrosis of hepatocytes occurs later than endothelial 
injury [48]. Pyrrozilidine alcaloids toxicity is the consequence of the biotransforma-
tion of unsaturated alkaloids into toxic metabolites by cytochrome P450 leading 
mainly to lesions of endothelial cells. In Europe, dietary exposure to pyrrozilidine 
alkaloids is common, especially in honey, tea, herbal infusions and food supple-
ments users. An exposure to 2  mg/kg of body weight per day of pyrrozilidine 

21 Drugs and Toxins Affecting Liver Vessels



356

alkaloids is considered the lowest dose associated with toxicity. Chronic and acute 
dietary exposure to pyrrolizidine alkaloids was estimated in the European popula-
tion via the consumption of plant-derived foods. This resulted in highest estimates 
of mean chronic dietary exposure which were 10 thousand times lower than the 
toxic dose, even in the highly exposed population [94].

 Vitamin A

The generic term “vitamin A” is used for compounds having the biological activity 
of retinol or its metabolic products. Dietary sources of vitamin A are carotenoids, 
such as β-carotene (rich plant sources are sweet potatoes, carrots, and dark green 
leafy vegetables like spinach) and retinyl esters (rich animal sources are liver, eggs, 
and fish). Vitamin A is an essential fat-soluble vitamin. Adequate daily intake 
(~700–900 μg for humans) and hepatic storage (~80% in a healthy individual) are 
required to maintain plasma adequate retinol levels. Vitamin A plays important 
physiological roles in vision, reproduction, growth, development, immunity, and 
metabolic programs [95]. Hypervitaminosis A results from excessive intake of 
exogenous vitamin A. By contrast, pro-vitamin carotenoids - such as beta- carotene – 
do not cause toxicity, as their conversion to retinol is highly regulated [96]. The 
major causes of hypervitaminosis A are medications, especially synthetic retinoids 
derived from vitamin A – for example psoriasis treatments acitretin or bexarotene 
used to treat the skin effects of T-cell lymphoma; and dietary supplements taken 
above recommended dosage, such as cod liver oil, which contains high concentra-
tions of vitamin A. Hypervitaminosis A related to topics has also been reported.

Liver toxicity may occur after prolonged exposure, i.e. at least 3 months and usu-
ally several years. Manifestations include mild liver blood tests abnormalities, hepa-
tomegaly, splenomegaly, and manifestations of portal hypertension, such as 
splenomegaly, ascites or gastro-esophageal varices [97]. Extra-hepatic manifestations 
include dry skin, cheilosis, gingivitis, muscle and joint pains, fatigue, mental dullness 
or depression [98]. Improvement after vitamin A withdrawal is inconstant [97, 98].

Histological features include the direct visualization of hypertrophied hepatic 
stellate cells (which cannot be seen at light microscopy in normal condition) that 
contain abundant lipid droplets, located in the space of Disse between the sinusoidal 
endothelial lining cells and the hepatocytes. Hypertrophic stellate cells are often 
accompanied by sinusoidal dilatation, and less frequently peliosis. The most typical 
feature is prominent perisinusoidal fibrosis. Immunohistochemistry is helpful, 
showing the expression of α-smooth muscle actin by hepatic stellate cells [99]. 
Cirrhosis may develop after prolonged exposition [97, 99, 100]. Perisinusoidal 
fibrosis is the consequence of direct, dose-dependent, vitamin A toxicity. The excess 
vitamin A is stored in hepatic stellate cells. In consequence, activation of hepatic 
stellated cells leads to excess collagen production. The amount of fibrosis is corre-
lated to the dose of vitamin A, namely the dose and the duration of exposition [99].
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 Vinyl Chloride Monomer Toxicity

Vinyl chloride is a colourless gas at room temperature. Polyvinyl chloride (PVC) is 
a polymerized form of vinyl chloride that is extensively used in the plastics industry. 
Vinyl chloride does not occur naturally, and thus is found almost exclusively in 
factories making PVC. Vinyl chloride has not been identified in food, pharmaceuti-
cals or cosmetic products in recent years. Vinyl chloride-related liver toxicity has 
exclusively been reported among exposed workers in PVC factories.

Vinyl chloride has been implicated in the development of noncirrhotic portal 
hypertension, and angiosarcoma of the liver. Vinyl chloride has also been related 
to hepatocellular carcinoma [101]; however, the direct relationship between 
vinyl chloride toxicity and hepatocellular carcinoma is poorly demon-
strated [102].

The pathology of vinyl chloride-related liver disease is related to endothelial 
sinusoidal injury. Histological features include sinusoidal dilatation, with or with-
out hypertrophy of the sinusoids [103]. Various degrees of fibrosis have been 
reported, including perisinusoidal, portal and subcapsular fibrosis, the latter being a 
typical feature of vinyl chloride-related toxicity [103–105]. Ultimately, cirrhosis 
may occur. Importantly, these changes were described in an era before hepatitis C 
was identified, and one cannot exclude that fibrosis was related to hepatitis 
C. Clinical features include manifestation of portal hypertension, including spleno-
megaly, varices, gastrointestinal bleeding, and ascites, even in the absence of cir-
rhosis [102].

Animal models have validated the responsibility of vinyl chloride in liver injury: 
similar lesions develop in animals after exposure to vinyl chloride [102, 105]. In 
humans, most reported cases of vascular lesions related vinyl chloride were describe 
in patients with concomitant angiosarcoma of the liver, which is a rapidly lethal 
disease. Thus, the course of vascular liver lesions after vinyl chloride exposure dis-
continuation is unknown.

 Conclusion

Endothelial injury appears to account for the vast majority of drug- and toxin-related 
vascular liver injury. A large spectrum of different vascular lesions can be observed, 
either isolated or concomitant one with the other. The diagnosis of drug- and toxin- 
related vascular liver injury is based on the suggestive context, the exclusion of 
alternative cause of liver disease, and histological findings. There is a strong level of 
imputability for oxaliplatin and pyrrolizidine alcaloids-related liver injury. By con-
trast, the data for a direct relationship between oral contraceptives, didanosine, and 
thiopurin derivatives are still not fully conclusive. Pyrrozilidine-alcaloids-related 
sinusoidal injury is still a major concern in terms of public health, especially in Asia 
and Africa.
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Chapter 22
Liver Transplantation and Hepatic Vessels

Darwish Murad Sarwa

 Introduction

The liver has a dual blood supply consisting of the portal vein and the hepatic artery. 
In a native liver, a complete occlusion of either the portal vein or the hepatic artery 
may not immediately lead to total liver necrosis, because some hepatic inflow will 
continue from the other, non-occluded vessel, and in time, collaterals will develop. 
In liver transplantation (LT), however, this compensation mechanism does not exist, 
as all attachments that might have served for the development of collaterals, have 
been surgically divided. Therefore, an acute impairment of the hepatic inflow, being 
either portal or arterial can be detrimental for the newly transplanted graft. This may 
result in allograft loss or long-term allograft dysfunction and often necessitates sal-
vage re-transplantation. The same holds true for acute hepatic outflow obstruction 
in the setting of LT. Considering the ongoing scarcity of organ donors, such vascular 
complications also have a profound impact on the application of liver transplanta-
tion as a whole. Therefore, strategies to detect or prevent vascular complications are 
vital for the existence of liver transplantation as definite treatment for end-stage 
liver disease.

 Standard Vascular Anastomoses during Liver Transplantation

In order to understand the various types of vascular complications that may occur, 
it is crucial to understand the operative procedure with regards to the vascular anas-
tomoses. In a standard liver transplantation, with normal donor and recipient 
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vascular anatomy, the most common vascular anastomoses include an end-to-end 
portal anastomosis, end-to-end arterial anastomosis and a cavo-cavostomy 
(Fig.  22.1). However, many alternative techniques exist in case of non-standard 
anatomy. For example, when the portal vein is unsuitable for direct anastomosis 
(e.g. due to longstanding portal vein thrombosis prior to LT) a portal conduit is cre-
ated, using the donor iliac vein brought along after donor hepatectomy. The donor 

end-to-end arterial
anastomosis

end-to-end
portal anastomosis

duct-to-duct
biliary anastomosis

Piggy-back
cavo-cavostomy

Original artwork, courtesy of Elsbeth Leeffers and Hermien Hartog

Fig. 22.1 Ilustration of an implanted liver graft using the standard vascular and biliary anastomo-
ses. Original artwork, courtesy of Elsbeth Leeffers and Hermien Hartog, the Netherlands
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iliac vein is then interposed between the donor portal vein and the recipient superior 
mesenteric vein. Rarely, a large nearby portal collateral (e.g. in the subhepatic area) 
is used for inflow instead.

In addition, the use of an arterial conduit is an alternative technique to recon-
struct a hepatic artery anastomosis in case of inadequate length of donor or recipient 
hepatic artery or when the recipient hepatic artery is of poor quality and hence 
unsuitable for primary anastomosis. Such can be the case in arterial dissection, 
endovascular damage after trans-arterial chemoembolization (TACE) in hepatocel-
lular carcinoma or a revascularised hepatic artery in case of retransplantation for 
hepatic artery thrombosis. Although many venous, arterial and synthetic grafts are 
used to this end, most use the donor iliac artery for grafting. In some cases, the arte-
rial conduit will be directly anastomosed on the celiac trunk or the aorta.

Finally, the cavo-cavostomy technique used in most recent decades is according 
to the so-called piggy-back technique. The piggy-back technique was first described 
by Calne et al. in 1968 [1] as a caval anastomosis with preservation of the recipient 
caval vein, hence avoiding cross clamping of the caval vein and allowing venous 
blood return from the inferior vena cava during the anhepatic phase. The three (or 
two) hepatic vein orifices of the recipient are joined to create a common cloaca 
(cuff), which is eventually anastomosed to the donor suprahepatic caval vein in an 
end-to-side fashion. The shift from the classical end-to-end caval anastomosis to the 
piggy-back technique signified an improvement as it resulted in less haemodynamic 
instability, shorter cold ischaemia times and less renal damage and eliminated the 
need for a veno-venous bypass [2].

 Types of Complications and Risk Factors

In general, vascular complications can be divided in three large categories: throm-
bosis, stenosis and endovascular damage (i.e. pseudoaneurysms). In addition, a 
haemorrhagic leakage at the site of the anastomosis may occur as a rare event, 
which results directly from a technical malfunction and requires immediate surgical 
correction. As such, this type of complication is beyond the scope of this chapter.

Thrombotic complications may partly result from an imbalance in coagulation 
factors. Indeed, the event of liver transplantation is generally considered to repre-
sent a hypercoagulable state. A very elegant study showed that all procoagulant 
factors (except for factor VIII) reach normal levels by day 3 after liver transplanta-
tion, which is reflected in the normalisation of the prothrombin time (PT) and acti-
vated partial thromboplastin time (aPTT) [3]. However, the anticoagulant protein 
(protein C, S and antithrombin) levels show delayed recovery and most patients 
remain deficient for these proteins in the first 10  days. At the same time active 
thrombin/anti-thrombin complexes are being generated, further predisposing to a 
prothrombotic state in the early days after LT [3]. Other reported prothrombotic risk 
factors are related to the allograft (such as ABO incompatibility, viral mismatch, 
rejection), donor (e.g. age) and recipient smoking history (Table 22.1).
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Stenosis is generally thought to result from suboptimal circumstances for sur-
gery including, but not restricted to vascular size mismatch, need for vascular recon-
struction, use of conduits or prolonged duration of surgery (Table  22.1). 
Pseudoaneursyms, exclusively of arterial origin, are either iatrogenic or related to 
the local presence of bile, pancreatic or infectious fluids or fluid collections, which 
directly damage the vascular wall.

It is very important to recognize, however, that all three types of vascular com-
plications may occur in isolation or in conjunction. For example, thrombosis may 
result in fibrin deposition, fibrosis and hence stenosis; a stenotic trajectory may 
give rise to vascular stasis, clot formation and subsequently thrombosis; and 

Table 22.1 Risk factors for vascular complications

Category Risk factor

General risk factors for vascular complications
Coagulation system Low protein C [3, 4]

Low protein S [3]
Low anti-thrombin [3]
High fibrinogen [4]

Allograft factors ABO incompatibility [5]
Gender incompatibility [6]
Split grafts [7]
Allograft rejection [6]
Cytomegalovirus (CMV) mismatch [6]

Donor factors Advanced donor age [7–9]
Death from intracerebral haemorrhage [7]

Life style Cigarette smoking [10]
Specific risk factors for arterial complications
Surgical factors Graft number [6, 7, 11–13]

Variant donor anatomy [8, 12, 14, 15]
Small donor artery [7]
Arterial reconstruction [5, 12, 14]
Arterial conduit [8, 12]
Multiple anastomoses [12]
Delay in arterial reperfusion [12]
Intraoperative blood transfusions [5, 12, 13]
Duration of arterial anastomosis [5]
Prolonged total surgery time [5, 13]
Transarterial chemoembolization pre-LT [9, 14]
Low recipient weight [6]
Roux-en-Y biliary anastomosis [13]

Specific risk factors for portal complications
Recipient factors Pre-LT portal vein thrombosis [14]
Surgical factors Portal conduit or portal reconstruction [14, 16–18]

Size mismatch donor and recipient portal vein [16–18]
Excessive portal vein length [16–18]
Concomitant splenectomy [16–18]
Prior shunt surgery or splenorenal shunt [16–18]
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pseudoaneurysms can occur in stenotic area’s while turbulence of flow within the 
pseudoaneurysm may lead to clot formation.

 Post-operative Imaging

Doppler ultrasonography (US) is the established first-line imaging modality for the 
surveillance of vascular integrity after LT, while angiography (CT, MRI or conven-
tional angiography) is often used for confirmation. Doppler US has the advantage of 
being inexpensive, widely available, reproducible and easily accessible at the patient 
bedside. Ultrasonography can directly visualize the vessel and detect any interruption, 
kinking, narrowing or compression of the vessel. The Doppler signals give additional 
information on vessel patency and blood flow direction, pattern and velocity. Flow 
velocity is measured by pulse wave mode, correcting for the directional angle. For the 
hepatic artery, a resistive index (RI) is additionally calculated which reflects the dif-
ference between systolic and diastolic flow velocity divided by the systolic flow 
velocity. A RI of 0.5–0.7 is considered normal, although in arterially reconstructed 
vessels this may exceed 0.8  in the early post-operative phase (Fig.  22.2). Normal 
portal flow is continuous, hepatopetal and shows mild respiratory variation, although 
not infrequently, flow is turbulent and of high velocity in the immediate post-opera-
tive period. When the discrepancy in diameter of the donor and recipient portal vein 
(i.e. size-mismatch) exceeds 50% a helical flow can be seen distally from the anasto-
mosis. Patency of the cavo-cavostomy is picked up by direct visualisation of flow by 
Doppler and hepatic vein flow is considered normal when it is triphasic or biphasic.

Whenever Doppler US is inconclusive or challenging, contrast enhanced US 
(CEUS) can provide additional information on vessel patency by the intravenous 
administration of, preferably, second-generation perfluorocarbon-based contrast 
agents [19]. The presence of a vascular complication can be confirmed by the use of 
cross-sectional or conventional angiography, although this should be used sparingly 
as the use of intravenous iodine-based contrast agents and radiation impose addi-
tional risks to the recipient. Computed Tomographic Angiography (CTA) has the 
added advantage of being fast, accurate and non-invasive with a sensitivity of 100% 
and a specificity of 89% [20].

Given the profound impact of vascular complications on the allograft most trans-
plant centres have adopted protocols to monitor the patency of the vascular anasto-
moses in the early post-operative period, although the frequency and timing of 
imaging vary considerably between centres. As one example, our institution 
employs a strict schedule of Doppler ultrasonography performed intraoperatively 
(before abdominal closure), in the ICU immediately after abdominal closure and 
post-transplantation at day 1 and 7, as well as at any time thereafter as part of the 
work up of abnormal liver function tests. The introduction of systematic postopera-
tive screening has resulted in many centres in significantly decreased requirements 
for retransplantation [21].
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 Post-transplantation Arterial Complications

 Hepatic Artery Thrombosis (HAT)

During the early years of liver transplantation, the reported incidence of hepatic 
artery thrombosis (HAT) was high, 12% in adults and 42% in paediatric recipients 
[22]. With improvement in surgical techniques and rigorous peri- and postoperative 
screening, HAT rates have decreased to 1.7 to 9% in more recent series (Table 22.2).

Time of onset of HAT has been correlated with the severity of the subsequent 
complications. Therefore, HAT is divided in two categories, early HAT (defined as 
HAT occurring within the first 2 months after LT) and late HAT (occurring any time 
thereafter) [37]. A pooled analysis of 71 case series including 21,822 recipients 
showed that the overall median prevalence of early HAT was 4.4% [37]. Late HAT 
is presumed to occur more infrequent, with a reported prevalence of 0.8%–3.8% 
[28, 29, 38] (Fig. 22.3).

Clinical presentation of early HAT ranges from fulminant hepatic failure, through 
recurrent biliary sepsis and delayed biliary leaks, to an asymptomatic presentation 
in which HAT is detected either during routine postoperative ultrasonography 

Fig. 22.2 Routine Doppler ultrasound 7 days after liver transplantation. Here the hepatic artery is 
depicted with a peak systolic velocity (PSV) of 66.9  cm/sec and end diastolic velocity (EDV) 
15.4 cm/sec. The resistive index shown here is 0.77, indicating satisfactory arterial flow. (courtesy 
of the author)
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Table 22.2 Prevalence of arterial complications in published case series

Study (first author, 
year, [ref]) Transplant centre

Total 
number 
of 
patients

Prevalence 
HAT (%)

Prevalence 
HAS (%)

Prevalence 
HA 
pseudo- 
aneurysm 
(%)

Wozney 1986b [22] Pittsburgh, PA, 
USA

86 12 11 3

Langnas, 1991b [23] Omaha, NE, USA 430 6 – –
Abbasoglu, 1997 [11] Baylor, Tx, USA 857 – 5
Cavallari, 2000 [21] Bologna, Italy 384 4 2 0.5
Settmacher, 2000 [24] Berlin, Germany 837 2.7 3.2 0.7
Oh, 2001 [6] Charlottesville, VA, 

USA
424 6.8 – –

Marshall, 2001 [25] King’s college, 
London, UK

1327 – – 1.0

Pungpapong, 2002 
[10]

Philadelphia, PA, 
USA

288 5.9 3.8 –

Leelaudomlipi, 2003 
[26]

Birmingham, UK 1575 – – 0.5

Stange, 2003 [27] Berlin, Germany 1192 2.5 – –
Gunsar, 2003 [28] Royal Free, 

London, UK
634 1.7a – –

Leonardi, 2004 [29] Sao Paolo, Brazil 178 3.8a – –
Silva, 2006 [13] Birmingham, UK 1257 4.9 – –
Fistouris, 2006 [30] Gothenburg, 

Sweden
825 – – 2.6

Horrow, 2007 [31] Philadelphia, PA, 
USA

522 4.8 – –

Duffy, 2009 [14] UCLA, CA, USA 4234 5 – –
Stewart, 2009 [7] UNOS data, USA 54,992 2.3 – –
Pareja, 2010 [32] Valencia, Spain 1560 2.8 – –
Ayala, 2011c [4] Madrid, Spain 441 9 – –
Warner, 2011 [12] Royal Free, 

London, UK
915 7.1 – –

Frongillo, 2013 [33] Rome, Italy 258 – 9.3 –
Volpin, 2014 [34] Reims, France 787 – – 1.5
Yi Yang, 2014 [5] Chengdu, China 744 2.7 – –
Pulitano, 2015 [35] Sydney, Australia 662 – 8.2
Fujiki, 2017 [36] Cleveland, OH, 

USA
1783 2.6 – –

– not reported
alate HAT
bincluded adult and paediatric transplantations
cincluded living donor liver transplantation
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screening or in the work-up of abnormal liver function tests. Since the peribiliary 
plexus is dependent predominantly on arterial blood supply, non-fulminant HAT 
inevitably still results in ischaemic damage to the biliary tree (i.e. ischaemic cholan-
giopathy). Hence, late HAT is generally diagnosed when patients present with 
relapsing fever, jaundice, pruritus, hepatic abscess, cholangitis, non-anastomotic 
biliary strictures, hepatic necrosis or during the work-up for abnormal liver tests in 
asymptomatic patients [28, 29]. Risk factors for the development of arterial compli-
cations are listed in Table 22.1.

HAT is diagnosed by radiological imaging, with Doppler Ultrasonography being 
the best initial test. Although in the immediate postoperative period the acoustic 
window of Doppler US may be limited by interference from excessive bowel gas, 
mechanical ventilation or surgical dressing materials, the reported sensitivity and 
specificity rates for the detection of hepatic artery thrombosis (HAT) range from 
54%–92% and 64%–88%, respectively [31, 39, 40]. HAT is diagnosed when the 
arterial signal is absent on Doppler US and is imminent when the RI is increased. 
False positive results have been observed in hypovolemia and low cardiac output 
state, arterial spasms or severe parenchymal or periportal (lymph)oedema, while 
false negative results have been found when flow is accidentally measured in arterial 
collaterals in the setting of subacute or late HAT.

There is a lack of consensus on the management of HAT, largely due to a paucity 
of comparative studies. Treatment options include urgent retransplantation, arterial 
revascularisation or wait and see. Revascularisation options include surgical or 
radiological interventions to restore arterial blood supply through thrombectomy, 
thrombolysis, balloon angioplasty with/without stenting or surgical revision of the 
arterial anastomosis. The success rate of revascularisation attempts seems to depend 
on the early diagnosis of HAT [38]. Indeed, in centres in which daily US was per-
formed, the success rate was as high as 61% vs. 45% in those without daily screen-
ing [37]. The choice of intervention depends on the patient condition and the centre’s 
expertise. The potential of revascularisation using endovascular procedures needs to 
be weighed against the risk of bleeding from thrombolysis or risk of intima dissec-
tion or stent occlusion after angioplasty. Even after initial successful revascularisa-
tion of the arterial flow, ischaemic cholangiopathy, however, may still be a problem 

Fig. 22.3 Computed 
Tomogram (CT) showing 
complete hepatic artery 
occlusion, caused by late 
hepatic artery thrombosis 
in a patient after liver 
transplantation
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in the long-term. Retransplantation is eventually needed in over half of the cases of 
HAT, more often in early than late HAT [27, 37].

In contrast to early HAT, long-term survival following late HAT has been 
reported, with the majority of such cases having developed arterial collaterals at 
initial presentation. These collaterals can develop as early as 2  months after the 
HAT event and are more prevalent in paediatric recipients [31, 39]. The results of 
revascularisation in late HAT are often disappointing and biliary complications 
occur frequently, compromising long-term graft outcome and quality of life. 
Therefore, in late HAT, treatment is generally aimed at treating the complications 
(drainage of abscess or bile leak, antibiotics and biliary drainage, stenting and dila-
tion) and an expectant management is usually followed, allowing time for neovas-
cularisation to occur which may obviate the need for retransplantation.

Low dose aspirin has been used as prophylaxis for (late) HAT in some centres, 
however its efficacy is still debated. Some reports show no benefit [41] while others 
show favourable results, especially in high-risk settings [42, 43]. One example 
thereof is the use of arterial conduits, since these are known to have lower patency 
rates than end-to-end arterial anastomoses [44].

 Hepatic Artery Stenosis (HAS)

Stenosis of the hepatic artery occurs most commonly at the level of the anastomosis 
or the donor artery [11]. Prevalence ranges from 2–11% (Table  22.2). 
Ultrasonographic features suggesting hepatic artery stenosis (HAS) include 
increased peak systolic flow velocity > 200 cm/s, poststenotic turbulent flow and 
parvus-tardus waveform (prolonged acceleration time > 0.08 s and RI < 0.5) [45], 
which combined carry a sensitivity of 81% and specificity of 60% [46]. Risk factors 
for HAS include poor surgical techniques, clamp injury, preservation injury and 
allograft rejection (Table 22.1). Clinical presentation mimics that of HAT and HAS 
in fact carries an increased risk for development of HAT. Therefore, it is imperative 
to diagnose and treat HAS as early as possible. Treatment classically consists of 
surgical revision of the anastomosis, however lately many reports of successful bal-
loon angioplasty, with or without stenting, have shown to restore long-term patency 
in 68–78% [11, 47]. If the HAS is however longstanding and untreated, biliary 
complications are likely to occur, similarly to HAT. Indeed, non-anastomotic and 
anastomotic biliary strictures occur in 60% of patients with HAS compared to 9.7% 
in those with normal arterial patency [48]. The need for endovascular/surgical treat-
ment needs to be balanced against the potential risks (bleeding, restenosis) in each 
individual case. For example, a conservative approach is justified in a patient with 
HAS who has formed collaterals and shows no signs of biliopathy. Requirement for 
re-intervention due to restenosis is thought to occur in up to 25% and retransplanta-
tion is still needed in 20–24%.
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 Hepatic Artery Pseudoaneurysms (HAP)

Hepatic artery pseudoaneurysms (HAP) are amongst the most fearsome and life- 
threatening complications after liver transplantation. These can occur in the 
intrahepatic or extrahepatic part of the hepatic artery. Reported prevalence ranges 
from 0.5 to 3% (Table 22.2). A study reviewing 81 published cases reported a 
pooled prevalence of 0.9%, in which HAP was diagnosed after a median of 
58.8  days post LT [49]. The clinical presentation of HAP is non-specific and 
includes haemobilia, unexplained fever, graft dysfunction, dropping haemoglo-
bin level, gastrointestinal bleeding, hemodynamic instability and haemorrhagic 
shock. Therefore, a high index of suspicion is required to make the diagnosis 
before rupture occurs. Major risk factors for the development of intrahepatic 
HAP are related to direct iatrogenic injury of the hepatic artery in the setting of 
transhepatic invasive procedures, such as liver biopsy, percutaneous transhepatic 
cholangiography and transhepatic drainage procedures (Table 22.1) [25]. On the 
other hand, extrahepatic HAP is mostly related to local infection (mostly mycotic 
infections), bile leak, pancreatitis, small bowel perforation and presence of a 
Roux-en-Y hepaticojejunostomy (presumably due to colonization of the subhe-
patic space with enteric micro-organisms) [49]. While most of the intrahepatic 
HAP are asymptomatic and detected incidentally, extrahepatic HAP can rupture 
without warning into the bile duct (arteriobiliary fistula), peritoneal or retroperi-
toneal cavity (massive haemo(retro)peritoneum) or gastrointestinal tract (arterio-
enteric fistula), causing a life-threatening event with a very high mortality rate of 
up to 69% [25].

Colour Doppler Ultrasound is the most useful initial examination. Intrahepatic 
HAP may present as an-echogenic area with swirling colour flow, and a high 
velocity jet flow at the site of the feeding arterial leak or fistula [50]. CT findings 
are less specific as local inflammation may obscure the image and sensitivity is 
also lower, reportedly between 25–78% [25, 26]. Angiography remains the gold 
standard, allowing confirmation and localization of the HAP, assessment of pres-
ence of a fistula or active bleeding and direct access to immediate coil 
embolization.

Various management strategies have been reported, including acute surgical 
excision, ligation or super-selective radiological embolization and/or stenting. 
Embolization is mostly effective as primary treatment in intrahepatic HAP, if 
done super selectively to spare the non-affected area of the graft. For ruptured 
extrahepatic HAP however, embolization, excision or ligation is only used as a 
bridging procedure while awaiting retransplantation. In the setting of an active 
infection results from retransplantation are compromised and long-term antibiot-
ics are often needed. Treating the HAP before rupture occurs is associated with 
better outcome [51] but has to be weighed against potential induction of graft 
ischemia and the imminent availability of a rescue retransplantation in that sce-
nario [25].
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 Post-transplantation Portal Complications

 Portal Vein Thrombosis (PVT)

In contrast to the pre-transplant period, where portal vein thrombosis (PVT) is a 
common complication of liver cirrhosis, after liver transplantation PVT occurs 
rather infrequently. The reported prevalence is 0.5–7% (Table 22.3). PVT is gener-
ally detected by the absence of Doppler flow in the portal vein, with or without 
delineation of intraluminal echogenic thrombus material. Risk factors for the devel-
opment of PVT include pre-existing PVT requiring thrombectomy during trans-
plant surgery, size mismatch between donor and recipient portal vein, excessive 
portal vein length, use of venous conduits or alternative portal anastomosis, con-
comitant splenectomy and prior shunt surgery or splenorenal shunt (causing a portal 
steal-phenomenon) [16–18]. Also, paediatric split liver and living donor liver trans-
plantations carry a higher risk for development of PVT [17]. Patients developing 
PVT often present with recurrent signs of portal hypertension (ascites, varices, vari-
ceal bleeding). Over two third of the patients present with abnormal liver enzymes 
[14]. However over half of the patients are asymptomatic and PVT is found inciden-
tally during routine ultrasound [16]. Acute, early PVT, however, may lead to immi-
nent graft failure due to the lack of time to develop compensatory, portal-portal or 
portal-venous collaterals. Salvage retransplantation may be needed in such cases. 
Finally, contrasting the common belief that the peribiliary plexus exclusively 
depends on the arterial inflow, one report described 3 cases in which ischaemic bili-
opathy occurred in the setting of PVT, suggesting the possibility of a biliary conse-
quence to portal compromise [53].

Table 22.3 Prevalence of portal complications in published case series

Study (first author, 
year, [ref]) Centre

Total number of 
transplants

Prevalence 
PVT (%)

Prevalence 
PVS (%)

Wozney, 1986a [22] Pittsburgh, PA, USA 86 6 7
Langnas, 1991a [23] Omaha, NE, USA 430 2 –
Cavallari, 2000 [21] Bologna, Italy 384 0.5 0.5
Settmacher, 2000 [16] Berlin, Germany 966 1.3 1.3
Pungpapong, 2002 [10] Philadelphia, PA, USA 288 1.7 –
Kishi, 2008b [17] Tokyo, Japan 287 7 –
Duffy, 2009a [14] UCLA, CA, USA 4234 2 –
Mullan, 2010ab [52] Harvard, Boston, MA, 

USA
181 – 7.2

Ayala, 2011b [4] Madrid, Spain 441 1.8 –

– not reported
aincluded adult and paediatric transplantations
bincluded living donor liver transplantation
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Management options for PVT post transplantation are diverse, varying from sys-
temic anticoagulation, local thrombolysis, surgical revision of the portal anastomo-
sis and retransplantation. Some patients, however, do well with conservative 
management alone, aimed at treating the portal hypertensive symptoms. 
Anticoagulation may salvage the graft in almost half of patients [14] and is probably 
the treatment of choice when the graft is not endangered. In addition, prophylactic 
use of anticoagulation or antiplatelet therapy is often employed in high-risk patients, 
such as those after portal reconstruction or conduits, and is usually continued for 
1–3 months after liver transplantation to prevent PVT. Although PVT is reported to 
compromise patient and graft survival [14] as well as limit re-grafting options, espe-
cially when PVT is extensive with involvement of the mesenteric and/or splenic 
vein, cases in which death is directly attributed to PVT are rare.

 Portal Vein Stenosis (PVS)

Stenosis of the portal vein anastomosis (PVS) is considered haemodynamically sig-
nificant when the lumen of the smallest portal vein (either donor or recipient) is 
reduced by >50% [52] and considered clinically significant when >80% of the 
lumen is obliterated [16]. The reported prevalence of PVS ranges from 0.5% to 
7.2% (Table 22.3). Clinical symptoms consist of recurrence of portal hypertension 
but are generally milder than with portal vein thrombosis. Of note, the presence of 
a PVS may predispose to PVT through Virchow’s triad of venous stasis, endothelial 
injury and a hypercoagulable setting (such as is the case post-transplant). Diagnosis 
can be made through Doppler US, showing relative narrowing at the site of the por-
tal anastomosis. Furthermore, an angle-corrected peak systolic velocity of the portal 
vein of 80 cm/s or greater is associated with a 100% sensitivity and 84% specificity 
to detect haemodynamically significant PVS [52]. Likewise, a change in peak sys-
tolic velocity across the anastomosis from donor to recipient portal vein of 60 cm/s 
or greater yields similar sensitivity and specificity. However, the presence of varices 
or portal collaterals may confound this observation, as portal flow velocity across 
the stenosis may be lower due to redistribution of blood flow. Other signs include a 
velocity gradient pre- and post anastomosis of >3:1, persistence of helical/turbulent 
flow, post-anastomotic portal vein dilatation and signs of portal hypertension. After 
the suspicion is raised on Doppler US, portal venography remains the gold standard 
to confirm the diagnosis and assess feasibility for percutaneous interventional ther-
apy including balloon angioplasty with or without stenting.

In the decision making whether or not to proceed with endoluminal therapy one 
should take into consideration the degree of stenosis. Low-grade stenosis (<80% of 
the lumen) is not likely to benefit from therapy. Indeed, in one study measuring pre- 
and post-stenting peak velocities, no difference was found in patients with low 
grade stenosis, while in high grade stenosis, the peak velocity dropped significantly 
below the threshold for effect [52]. In some cases, a mild stenosis that does not 
cause graft dysfunction may even resolve spontaneously over time [54].
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 Post Transplantation Hepatic Venous Outflow Obstruction

An outflow obstruction following liver transplantation can occur at two levels, either 
at the cavo-cavostomy or at the level of the hepatic veins. The hepatic venous out-
flow obstruction (HVOO) can be due to stenosis and/or a venous thrombosis at these 
sites. Hepatic vein stenosis is seen almost exclusively in the setting of living donor 
or split donor liver transplantation, where the donor hepatic vein is directly anasto-
mosed on the recipient inferior vena cava or on the common trunk of two hepatic 
veins [55]. Diagnosis of HVOO is usually made by Doppler ultrasound. Findings 
include absence or reversal of venous flow, accelerated turbulent flow with colour 
aliasing beyond the stenosis, a velocity gradient pre- and post-anastomosis of >3:1 
or direct visualisation of the stenosis [19, 56, 57]. Although biphasic or triphasic 
flow generally excludes stenosis, monophasic flow has high sensitivity but very low 
specificity for the detection of venous stenosis [19]. Finally, thrombosis can be 
detected as echogenic intravascular material in the absence of venous flow. The gold 
standard for confirmation of the diagnosis and measurement of pressure gradient 
across the anastomosis is invasive venography. There is debate about what exactly 
defines an abnormal pressure gradient, as gradients anywhere from 2–20 mm Hg 
have been used as thresholds, but generally a gradient above 10 mm Hg is accepted 
as clinically relevant.

For deceased liver transplantation, HVOO due to stenosis at the caval anastomo-
sis is the most common venous complication, and it is thought to occur more fre-
quently when employing the piggy-back technique (i.e. preservation of the recipient 
vena cava and end-to-side cavo-cavostomy) as compared to the classical end-to-end 
cavo-cavostomy. Prevalence in various series ranges from 0.8–5.4% (Table 22.4). 
Technical problems, compression, inadequate graft size, kinking, malrotation or 
caval size mismatch account for the majority of the HVOO due to early stenosis, 
whereas thrombosis of the caval anastomosis or of the hepatic veins occurs mostly 
in the setting of recurrence of Budd-Chiari Syndrome [56]. Late stenosis can be 
caused by intimal hyperplasia and perivascular fibrosis and, in case of partial liver 
grafts, due to rapid growth leading to twisting. The classic presentation of HVOO 
consists of abdominal pain, new ascites, rapidly deteriorating liver function and 
hepatomegaly in case of suprahepatic caval stenosis and lower limb oedema and 
renal insufficiency in case of infrahepatic caval stenosis [16]. Graft congestion can 
lead to rapid graft loss and is associated with mortality as high as 17–24% if left 
untreated [59, 60].

Management is aimed at restoring the venous outflow. The first step is endovas-
cular balloon angioplasty, preferably with prolonged inflation (1–2 minutes) of a 
high-pressure, oversized balloon to induce overstretching of the stenotic tissue 
and prevent immediate elastic recoil. When a thrombosis is present, endovascular 
thrombolysis has been recommended but this carries an inherent risk of bleeding, 
especially in the early post-transplant period, and hence should be reserved only 
in highly selected cases. Because of high risk of restenosis, the next step is often 
deployment of a vascular stent that bridges the stenosis. The choice of stent 
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appears important also, as too small interstices (such as in Wall stents) may theo-
retically lead to occlusion of small venous branches in the area [61]. Stent migra-
tion, albeit rare, is a much-feared complication. With most types of stents however, 
excellent long-term patency has been shown in the vast majority of patients 
[62, 64].

After restoration of the venous outflow, clinical symptoms usually dissipate quite 
quickly. Failure to do so should raise suspicion for restenosis, in-stent thrombosis or 
graft dysfunction due to other causes. Rarely, the prolonged hepatic venous conges-
tion causes irreversible damage and graft necrosis, necessitating retransplantation.
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