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Abstract

Portal vein thrombosis (PVT) is one of the most com-
mon complications occurring during the natural course
of liver cirrhosis. Even though PVT is often asymptom-
atic, the worsening of liver function, an unexpected
episode of gastrointestinal bleeding or ascitic decom-
pensation may be landmarks of PVT development.
Beyond these clinical manifestations, it is debated
whether PVT really has an impact on liver cirrhosis
natural history or rather represents only one of its
consequences. Probably PVT development should not
only be considered as a matter of impaired blood flow
or pro-coagulation tendency. On one hand, PVT seems
a consequence of the worsening in portal vein outflow
due to the increased hepatic resistance in cirrhotic
livers. On the other hand, vascular microthrombosis
secondary to necroinflammation may cause liver isch-
emia and infarction, with loss of hepatic tissue (paren-
chymal extinction) which is replaced by fibrotic tissue.
Therefore, PVT might also be considered as the overt
manifestation of the liver fibrosing process evolution
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and anticoagulant therapy may thus have microscopic
indirect effects also on the progression of liver disease.
At present, a connection between PVT development
and the progression of liver fibrosis/cirrhosis has not
yet been demonstrated. Nevertheless, it is not clear
if PVT development may worsen cirrhotic patients’
outcome by itself. Some authors tried to assess liver
transplant benefit in PVT cirrhotic patients but data are
contrasting. In this review, we will try to answer these
questions, providing a critical analysis of data reported
in literature.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Portal vein thrombosis (PVT) is a well-known complica-
tion occurring during the course of liver cirrhosis, fre-
quently in the advanced stages. It has been demonstrated
that the alteration of blood flow within the portal vein
plays an important role in PVT development, together
with inherited or acquired pro-thrombotic disorders.
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Over the past few years, PVT diagnosis has been con-
stantly increasing due to the amelioration of diagnostic
imaging, with partial PVT being now more easily recog-
nizable (Figure 1).

When PVT occurs in a cirrhotic patient, it is always
considered a harmful event, because the increase of por-
tal pressure and impaired liver vascularization may lead
to gastrointestinal bleeding, worsening of liver function,
and ascitic decompensation.

PVT is a matter of concern, especially regarding its
treatment. Since PVT occurrence often represents a pre-
cipitating event during the course of cirrhotic disease, at
the moment of the diagnosis every clinician will try to
resolve the obstruction. However, it is unclear whether it
could be beneficial or not to treat asymptomatic patients,
and which treatment could have the best risk/benefit
ratio in cirrhotics. Although anticoagulants seem to be
the most used treatment in the last few years, there is at
present no consensus regarding the dose and duration
of treatment'".

Some cardinal questions regarding PVT still remain
unanswered: as PVT occurs often in the advanced stages
of liver disease, what is the connection between PVT de-
velopment and the progression of liver fibrosis/cirtho-
sis? Does PVT really have an impact on liver cirrhosis
natural history or is PVT only one of its consequences?

In this review we will try to answer to these ques-
tions, on the basis of the evidence reported in literature.
We intend to point out the question if there really is a
connection between PVT development, which often
occurs in the advanced stages of liver disease, and histo-
logical progression of fibrosis.

PREVALENCE AND CAUSES

Among all cases of PVT, cirrhosis is the underlying
cause in 22%-28%"". Studies based on ultrasonography
have reported a prevalence of 10%-25%, excluding neo-
plastic thrombosis"”. The prevalence of PVT increases
with the severity of cirrhosis, being approximately 1%
in patients with compensated cirrhosis" and rising to
8%-25% in candidates for liver transplantation (IT)";
evidence for hepatic vein thrombosis was found in 70%
of livers explanted at a stage of advanced cirrhosis".
This large variability is due to the fact that PVT is often
asymptomatic, therefore its frequency may be underesti-
mated. Indeed, in the majority of patients with cirrhosis,
PVT is diagnosed as an incidental finding, often during

routine ultrasound evaluation. However, when an epi-
sode of decompensation such as the development of
ascites or gastrointestinal bleeding occurs, the presence
of PVT should always be suspected and investigated“o’l”.
At the time of evaluation for LT at LT or at surgi-
cal porto-systemic shuntingm], the model for end-stage
liver disease (MELD) and Child-Pugh scores seems to
be higher in patients with PVT than in those without.

At the origin of PVT development, there is always
one or more of the following reasons, which are in-
cluded in the “Virchow triad”: an impaired portal blood
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Figure 1 Portal vein thrombosis. A: Complete thrombosis of the portal vein
trunk with patent splenic vein (B-Mode and Color Doppler imaging); B: Partial
thrombosis of portal vein right branch at B-Mode and contrast-enhanced ul-
trasound imaging; C: Partial thrombosis of portal vein right branch at B-Mode
imaging.

outflow (liver architectural changes of liver cirrhosis
increase the resistances to flow), a tendency to hyper-
coagulability, or vascular damage, together with the
development of hepatocellular carcinoma™'". In cir-
rhotic patients, some of these factors may have a greater
impact on PVT development (Table 1). Zocco ef al™
showed that portal flow velocity is the most important
predictive factor for PVT development, especially when
portal flow velocity is lower than 15 cm/s at Doppler ul-
trasound evaluation. It has been reported that when cir-
rhotic patients develop a hepatocellular carcinoma, PVT
incidence rises to 10%-40%"". However, although the
evidence of a pro-thrombotic condition is not frequent
in cirrhotic patients, it should not be a priori excluded.
In a recent study including 136 consecutive cirrhotic
outpatients (24.2% diagnosed with PVT), a significant
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Circulatory stasis Procoagulant status

Vascular injury Vascular invasion

Inherited:
Factor V Leiden mutation

Cirrhosis Trauma

cystectomy
Liver transplantation
Invasive procedures (TIPS placement, fine needle aspira-

Factor II (prothrombin) mutation
Protein C deficiency

Surgery (e.g., splenectomy colectomy, gastrectomy chole-

Hepatocellular carcinoma
Cholangiocarcinoma

tion, radiofrequency)

Protein S deficiency antithrombin deficiency
Acquired:

Chemical irritation (alcoholization)
Infections

Myeloproliferative disorder antiphospholipid Focal inflammatory lesions (e.g., diverticulitis, appendicitis,

syndrome

Hyperhomocysteinemia
Malignancy (any abdominal organ)
Pregnancy/puerperium

Oral contraceptives

Sepsis

pancreatitis, duodenal ulcer, cholecystitis, tuberculous)

TIPS: Transjugular intrahepatic portosystemic shunt.

increase of factor VIl and D-dimer was observed in those
with advanced liver cirrhosis. High levels of factor VI
have already been reported in cirrhotic patients and it is
now well known that they represent an intrinsic feature
of the disease (plasmatic levels of factor VIl beyond the
66th percentile - 129 IU/dL - are reported to have a
6-fold greater risk of PVT developmentm]), while the in-
crease in D-dimer is rather considered to be a non-spe-
cific ﬁndingml. However, the only conclusion the author
could provide was that low values of D-dimer had high
sensitivity and specificity in excluding PVTH, Among
the other inherited pro-thrombotic disorders, prothrom-
bin gene G20270A mutation seems to be the most fre-
quent in cirrhotics with PVT®? while the role of anti-
cardiolipin antibodies is still a matter of concern, due to
a high susceptibility to infections and to the presence of
liver damagelzg’m. Recently, it has also been reported the
presence of the [AK2 17617F gene mutation in about
17%-35% of PVT patients without a known underlying
disease™; however, even if it could be a marker of a
myeloproliferative disorder before it becomes clinically
evident, the prevalence among cirrhotic PVT patients is
actually unknown.

PVT DEVELOPMENT AND THE
PROGRESSION OF LIVER FIBROSIS/
CIRRHOSIS

Is there a link between the progression of liver disease
throughout the development of liver cirrhosis and portal
vein thrombosis? The answer may be “yes”. Different
factors appear to be involved in chronic liver injury;
among them, the coagulation system appears to be par-
ticularly involved. Animal models of cirrhosis confirmed
that mice carrying the factor V Leiden mutation exhibit
more severe fibrosis than wild-type littermates” . In
other clinical studies, factor V Leiden mutation was re-
ported to be associated with a 3.28-fold increased risk of
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rapid fibrosis progression in patients with hepatitis c™,
A similar tendency has been demonstrated in patients
with protein C deficiency, increased factor VII expression
and hyperhomocysteinemiaw. The main link between
hypercoagulability and fibrosis progression is still being
investigated, but it is more likely due to a reaction to
liver tissue ischemic damage. It has been postulated that
micro-infarcts resulting from thrombosis of the hepatic
and portal vein branches may cause ischemia and cell
death, with consequent parenchymal collapse manifesting
with areas of parenchymal extinction"*. These areas
are then replaced by fibrous tissue producing cirrhosis™”.
Liver injury is able to activate the perisinusoidal hepatic
stellate cells, which can transdifferentiate into myofibro-
blasts, showing pro-inflammatory and pro-fibrogenic
activitym’m. A similar mechanism of intrahepatic throm-
bosis of portal vein branches has been recognized at the
origin of nodular regenerative hyperplasia development,
which could be confused with liver cirrhosis

Indeed, the t-PA-plasmin system is involved in acti-
vation of transforming growth factor-beta (TGF-f3), a
pro-fibrogenic cytokine, which is essential in the patho-
genesis of liver cirrhosis. Wanless ez al** demonstrated
that microthrombi are frequently present within hepatic
vessels of patients with liver cirthosis and other studies
showed a correlation between inherited thrombophilic
conditions and severity and progression of liver dis-
ease. Moreover, hepatitis C virus infected haemophilic
patients seem to have a slower disease progression, sup-
porting the hypothesis that a hypercoagulant state may
heavily worsen the natural history of liver disease!™

Even if the exact mechanism is still unknown, a pri-
mary role of parenchymal extinction and of stellate cells
activation in triggering this process has been postulated.
Indeed, vascular microthrombosis secondary to necroin-
flammation, may cause liver ischemia and infarction, with
loss of hepatic tissue (parenchymal extinction) which is
replaced by fibrotic tissue. Cirrhosis will therefore result
from the confluence of these microfibrotic areas. Altet-
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natively, thrombin may induce fibrogenesis by itself, both
activating specific receptors on stellate cells, or indirectly,
stimulating release of platelet-derived growth factors by
platelets and promoting post-translational activation of
TGF—B[37’39’40’46]. The first of these is a direct mechanism,;
G-protein coupled protease activated receptor (PAR)-1,
PAR-3 and PAR-4 are associated to thrombin signal-

. [47-50
ing

| Thrombin exerts a chemotactic effect on mono-
cytes and a mitogenic stimulus for smooth muscle cells,
fibroblasts and hepatic stellate cells”"! which express
members of the PAR family »a PAR-17"Y, Therefore
both an increased generation of thrombin, due to the
activation of the coagulation system, and the lack of
an adequate inhibition of thrombin generation, as in
patients carrying the factor V Leiden mutation or PC
deficiency, may contribute to liver fibrogenesis. Elevated
levels of factor VIl may also activate PAR-1 signalingﬁﬂ.

The role of FXa/PAR-2 signaling in hepatic fibrosis
is less well characterized, however, there is now evidence
for its role in several fibrotic diseases through fibroblast
activation including a-smooth muscle actin production,
monocyte chemoattractant protein-1 and interleukin-6
secretion, and TGF-3 expression[su. Moreover, FXa sig-
naling zia PAR-1 remains the most important although
this may vary in different tissues’”.

In conclusion, stellate cells activation and parenchy-
mal extinction play a pivotal role in determining liver
fibrosis evolution, with a recognized trigger in the coag-
ulation system"”. In this perspective, PVT development
should not only be considered as a matter of impaired
blood flow or pro-coagulation tendency, but also as the

overt manifestation of the liver fibrosing process.

HOW MUCH DOES PVT IMPACT ON THE
NATURAL HISTORY OF LIVER
CIRRHOSIS?

Impact on complications

In the past years, cirrhotic patients developing PVT
where considered at high risk of mortality for gastroin-
testinal bleeding, especially in case of complete occlu-
sion. The risk of variceal bleeding is nearly 80-120 times
higher in cirrhotics with PVT than in those without
liver disease (19%-40%)"""""". Therefore an episode of
unexpected variceal hemorrhage can be linked with a
high probability to acute PVT development, as well as
refractory ascites in a patient previously responsive to
the diuretic treatment” . In addition, when the throm-
bus extends to the superior mesenteric vein, the risk of
intestinal infarction is high[”].

PVT has been found to be an independent predic-
tor for failure to control active variceal bleeding and
prevent variceal re-bleeding, irrespective of the use of
endoscopic hemostasis or surgical shunting as treatment
modalities'”**". There are some doubts about a supposed
favoring role of the endoscopic therapy of esophageal
varices in PVT development; probably, varices represent
by themselves a marker of portal hypertension, which
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might be a risk factor for PVT independently of the
procedurem}.

Recent data highlight that the prevention of PVT
development is a useful tool to avoid the occurrence of
decompensation in cirrhotic patients. Zecchini ez al®™
randomized 51 cirrhotics with advanced liver disease
(Child B7-C10) to receive enoxaparin 4000 IU/d (26 pa-
tients) or placebo (25 patients) for 12 mo; PVT occurred
in 5 patients in the placebo group (2 complete, 3 partial)
and in none in the treatment group. Treated patients ex-
perienced fewer episodes of decompensation.

Impact on survival

The natural history of cirrhosis in patients with PVT is
largely unknown. In the past, patients with PVT were
considered to be at increased risk of mortality related to
bleeding complications, but the improvement in gastro-
intestinal bleeding management has changed this per-
spectivem]

Ferreira et al®” reported data about prognosis of
non-tumoral PVT in 40 consecutive cirrhotic patents
(median follow-up 6.5 mo). Fifty-eight percent of pa-
tients survived at the end of follow-up and PVT was
associated with increased risk of mortality at 3 years (but
not at 1 year) compared to controls, and this effect was
evident only in patients with Child Pugh score lower
than 10 (Child Pugh A and B patients).

Englesbe ¢ al” recently performed a retrospective
study to evaluate the survival of cirrhotic PVT patients
including a small sample of 148 cirrhotic patients pre-
senting with occlusive PVT followed-up at the University
of Michigan during a large period (1995-2007). In this
study, which has the limitation of retrospective studies,
only patients undergoing pre-transplant screening were
included, and there was no certain data regarding the
presence of pro-thrombotic disorders, administration
of anticoagulants and thrombosis grading, The authors
reported 54.7% of deaths in patients with PVT versus
37.2% in patients without PVT. Interestingly, from the
time of the initial evaluation, PVT patients had a risk
of mortality similar to that of patients with a MELD
score of 26, even if their MELD score at the time of LT
evaluation was of 12. This risk increased over the time,
reaching that of patients who presented for listing with
a MELD score of 31. PVT was also showed to influence
short-term survival after LT too. Differently from other
previous studies, this by Englesbe ez al® took into ac-
count MELD score.

On this basis, Englesbe ef al™ postulated that, if pa-
tients with PVT have significantly worse waiting list sur-
vival and an increased mortality, they should consequently
have an augmented access to LT. However, the most used
allocation system, based on the classification of wait-
ing list patients according to the MELD score, may not
represent the real priority of PVT patients as well, since
they could maintain a good liver function for long times.
Moreover, the assignation of MELD extra points, such
as in case of hepatocellular carcinoma, has not yet been
introduced in PVT patients. Therefore, Englesbe ez a/*"
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tried to assess the real LT benefit for patients with PVT
analyzing data on adult liver transplant candidates wait-
listed between September 2001 and December 2007
from the Scientific Registry of Transplant Recipients.
Candidates with PVT had similar survival rates on the
waiting list compared to those without PVT, but they
had a significantly inferior post-LT survival. Therefore,
even if a low MELD score may reflect better clinical
conditions for liver candidates, with obvious benefits in
terms of peri- and post-LT outcomes, especially in pres-
ence of PVT that seems by itself to complicate the LT
procedure, it seems disadvantageous to allow an early
access to LT for cirrhotic patients with PVT. Specifically,
the threshold for transplant benefit among patients with-
out PVT was MELD score > 11 compared to MELD
score > 13 for patients with PVT. The authors conclud-
ed that clinicians should carefully consider the risks of
LT in clinically stable patients with PVT. Another recent
interesting but small study confirmed this evidence'. In
this study PVT was related to a decreased post-LT sut-
vival only in patients with a low MELD score, while no
difference in outcome between PVT and non-PVT pa-
tients were found for MELD scores > 15. Notably, there
was no difference in PVT extension between the groups
with high and low MELD scores. Indeed, the impact of
PVT on patients’ survival seems to be dependent by its
extension; Doenecke ¢ a/* reported 90% 1 year post-
LT survival for PVT grade 1/2 patients, compared to
57% for PVT grade 3/4. Except for a slightly higher
transfusion requirement for PVT patients, intraopera-
tive parameters as well as the duration of in-hospital stay
and the incidence of post-operative liver dysfunction or
failure did not differ significantly between high and low
MELD PVT groups. In the study by Englesbe ez al™ the
presence of occlusive PVT at the time of LT was associ-
ated with an increased 30 d risk of mortality. Therefore,
the increased risk of post-LT mortality in PVT patients
seems not only a matter of MELD score!™.

Taking together all these considerations, the outcome
of PVT patients undergoing LT still seems to be con-
troversial, almost similar to that of non-PVT patients or
rather worse. Even if some authors conclude that no in-
creased risk of mortality was observed for PVT patients
while on waiting list and that there was no transplant
benefit with an early LT, these considerations should be
more cautious. Certainly, PVT grading could be a useful
tool to identify those patients with a higher risk of moz-
tality or complications. The observation that PVT pa-
tients are not at increased risk of mortality may be a too
hazardous generalization of a more complex problem,
and the prioritization of these patients should be evalu-
ated on a single case basis.

CONCLUSION

Interesting perspectives may be opened by the connec-
tion between hypercoagulation, intrahepatic microthrom-
bosis and progression of liver fibrosis. In particular, stel-
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late cell activation and parenchymal extinction seem to
play together a pivotal role in determining liver fibrosis
evolution, with a recognized trigger in the coagulation
system™. From this point of view, PVT development
should not only be considered as a matter of impaired
blood flow or pro-coagulation tendency, but also as the
overt manifestation of liver fibrosing process evolution.
Morteovet, fibrogenesis itself could be controlled by tar-
geting thrombin generation or its downstream signaling,
It has been shown that administration of PAR-1 antago-
nist, thrombin inhibitor SSR182289, dipyridamole, riva-
roxaban (a FXa inhibitor), vitamin K or low molecular
weight heparin was able to reduce hepatic fibrosis in
animal models™"*>*, Unfortunately, to date, data about
the use of anticoagulants as anti-fibrotic therapy are
scarce in humans but they are subject of many ongoing
clinical trials.

As regards the second question of this review we can
conclude that PVT represents an important event in the
natural history of liver cirrhosis. We agree with Tripodi
et al” that liver cirthosis, slowing-down the physiologic
flow of blood in the portal venous system, might favor
PVT development but also that PVT development might
have an impact on liver function by decreasing portal
perfusion. This looping interaction confirms the strict
connection between PVT and liver disease. First, PVT
could not be merely considered as a problem to solve
but, rather, as the alarm-bell that liver disease is evolving.
In this perspective PVT prevention could be very impor-
tant in order to control disease evolution and reduce epi-
sodes of decompensation as demonstrated by a recent
study by Zecchini e# a/*”.

Second, the impact of PVT development on liver
disease progression opens a new debate on the assigna-
tion of MELD extra points, such as in the case of he-
patocellular carcinoma, in PVT patients on a waiting list
for liver transplantation. This point of view is supported
by the evidence that PVT cirrhotic patients have a high
mortality risk compared to non-PVT ones from the time
of evaluation for LT, which could be comparable to
that of a MELD score as high as 26-31". On the other
hand, it seems that transplant benefit and the post-LT
survival of PVT patients might not be advantageous in
those with a low risk of liver disease-related mortality (low
MELD scores)'?. In our opinion, this problem should
be seen from another perspective; the severity of liver
disease may have a heavy impact on patients’ survival
despite the presence of PVT, which, in turn, should
not represent a good reason to prioritize all patients on
waiting list, especially those with a low MELD score.
However, the presence of major complications, such as
chronic hepatic encephalopathy, refractory ascites, recur-
rent variceal bleeding, with either major or minor bleed-
ing episodes with scarce response to the endoscopic or
medical therapy, could represent reasons for the priori-
tization on waiting list for patients with PVT. Probably,
PVT extension should also be considered since it has
been reported to impact on post-LT survival®. Even
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if we are far away from the solution of this debate, we

would like to remark that in those countries (e.g, Italy,
United States) where the access to LT is determined by
the risk of mortality on the waiting list, it is essential to
determine how PVT could increase the risk of mortality
of cirrhotics awaiting for L'T. In this age characterized by
organ shortage, liver graft loss should be avoided, thus
maximizing the benefit of LT.
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