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Introduction

In the past decade, the prevalence of non-alcoholic fatty 
liver disease (NAFLD) has surged worldwide. Non-
alcoholic steatohepatitis (NASH), the inflammatory 
component of NAFLD, now ranks as a leading cause of liver 
transplantation in the United States. NASH and associated 
risk factors such as obesity, type 2 diabetes mellitus (T2DM), 
and hypertension lead to an inflammatory environment, 
ultimately predisposing patients, particularly those with 
cirrhosis, to prothrombotic events including portal vein 

thrombosis (PVT). PVT remains an exceedingly common 
finding in those with cirrhosis. Emerging evidence from single-
center and database studies demonstrate NASH patients with 
cirrhosis and PVT have inferior peri-transplant outcomes. 
Herein, we discuss the impact of PVT on liver transplantation 
outcomes in patients with NASH cirrhosis. 

Epidemiology of NAFLD/NASH

Over the last few decades, the prevalence of NAFLD has 
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increased worldwide, paralleling the increase in the obesity 
epidemic. Obesity, T2DM, and the metabolic syndrome are 
frequent concomitant conditions associated with NAFLD, 
particularly NASH, the latter which is identified by the 
histologic presence of steatosis with lobular inflammation 
and hepatocellular balloon degeneration (1). The global 
prevalence of NAFLD is estimated to be 25%, with the 
highest prevalence in South America and the Middle 
East and the lowest prevalence in Africa (2). NAFLD has 
varying degrees of severity ranging from simple steatosis 
to NASH and can lead to progressive fibrosis, ultimately 
causing cirrhosis and complications of portal hypertension 
and hepatocellular carcinoma (HCC) (1). It is currently 
the second leading indication for placement on the liver 
transplant waiting list (3) and will most likely become the 
leading cause within the next decade (4). 

NAFLD as an inflammatory and prothrombotic 
disorder

NAFLD and in particular, NASH, is closely linked 
to insulin resistance, and as such is commonly seen in 
patients with obesity and T2DM. It is well established 
that obesity results in both chronic inflammation and 
impaired fibrinolysis, ultimately leading to thrombosis (5-8).  
Abdominal visceral adipose tissue acts as an endocrine 
organ, releasing hormones, cytokines, and proinflammatory 
factors that affect the physiology of hemostasis (5). For 
instance, C-reactive protein, interleukin-6 (IL-6), IL-8, 
tumor necrosis factor-α, and transforming growth factor-β 
are upregulated by adipocytes and macrophages, ultimately 
stimulating an inflammatory milieu in locations such as the 
liver and vascular endothelium, all of which contribute to 
insulin resistance (5-8). Similarly, evidence suggests that 
NAFLD itself is strongly associated with an inflammatory 
state independent of obesity (8). It has been proposed 
that in NAFLD, the liver functions as both a source and 
target of the adipocytokines, since hepatic steatosis leads 
to further intrahepatic inflammation exacerbating insulin 
resistance (9). Additionally, the inflammatory effect of 
these adipocytokines triggers procoagulant factors, with 
upregulation of tissue factor and factor VII, ultimately 
favoring thrombosis (10). 

Furthermore, it is widely recognized that obesity and 
NASH result in increased levels of factor VIII, factor 
IX, factor XI, factor XII (11), and plasminogen activator 
inhibitor-1 (PAI-1) (5,7,12). PAI-1 is a critical player in 
fibrinolysis, as it serves as an inhibitor to tissue plasminogen 

activator and urokinase, thereby preventing the conversion 
of plasminogen to plasmin and subsequent breakdown 
of a fibrin clot (5,7,12). Interestingly, Verrijken et al. (12) 
noted a graded increase in PAI-1 levels as the histological 
severity of NASH (determined by the NAFLD activity 
score) increased, although the authors did not find a 
correlation with NAFLD and other prothrombotic factor 
levels. Tripodi et al. (13) demonstrated that the endogenous 
thrombin potential ratio (a measure of procoagulant 
imbalance, with higher ratios representing greater 
procoagulant imbalance), increased in a graded response as 
the severity of NASH increased. That is, it was lowest in 
controls, followed by patients with simple steatosis, NASH, 
and cirrhosis (13). Taken together, these studies indicate a 
progressive increase in prothrombotic factors that parallels 
the severity of NAFLD, with those without NAFLD having 
low levels, followed by intermediate levels in those with 
simple steatosis and the highest levels in those with biopsy-
proven NASH and cirrhosis (7,9,12,13). 

Epidemiology of PVT and its complications in 
cirrhosis 

Emerging  ev idence  revea l s  a  reduct ion  in  both 
antithrombotic and prothrombotic factors in patients 
with cirrhosis creating a new, albeit unstable “rebalance”, 
with manifestations of this rebalance of hemorrhage or 
thrombosis molded by situational conditions (spontaneous 
bacterial peritonitis, hepatorenal syndrome etc.). Despite 
this “rebalance”, mounting evidence shows patients with 
cirrhosis produce a greater amount of thrombin than 
patients without cirrhosis, owing to a concomitant increase 
in factor VIII and decrease in protein C; overall this favors 
a pro-coagulant state (14,15). In fact, patients with cirrhosis 
and PVT have been noted to have decreased protein C, 
protein S, and antithrombin compared to patients with 
cirrhosis and no evidence of PVT (16). 

These systemic factors favoring hypercoagulability, along 
with increased intrahepatic resistance from fibrosis and 
endothelial injury, play a role in formation of thrombosis 
(16,17). Perhaps most importantly, hemodynamic factors 
such as decreased portal flow velocity contribute to PVT 
development (16). Other risk factors associated with PVT 
development in patients with cirrhosis include previous 
abdominal surgery, procedures such as balloon-occluded 
retrograded transvenous obliteration or those employed 
to treat HCC such as percutaneous liver directed tumor 
therapy, and HCC itself, which can cause vascular invasion 
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into the portal vein, as well as contribute to non-neoplastic 
PVT (17,18). Ascites, encephalopathy, low platelets, 
low hemoglobin, decompensated liver disease, increased 
spleen thickness, portal vein diameter, and diabetes 
are also associated with PVT (16,19,20). Thus, it is no 
wonder that PVT is a common complication in cirrhosis 
with a prevalence of 2–26% in candidates awaiting liver 
transplantation (17). According to a meta-analysis, adults 
with cirrhosis and PVT have a 2-fold increased risk of 
developing ascites and a 62% increased risk of mortality 
compared to patients with cirrhosis without PVT (21). 

PVT may be incidentally detected via cross-sectional 
imaging routinely performed for HCC surveillance or noted 
upon imaging ordered during decompensating episodes (19). 
Abdominal ultrasound with color doppler has a sensitivity 
and specificity of 80–100%. Contrast enhanced ultrasound 
can increase both sensitivity and specificity to 88–100% 
and 94–96%, respectively (22). Computed tomography and 
magnetic resonance imaging both demonstrate superiority 
when compared to ultrasound, as the former modes do not 
rely on operator-dependency, can evaluate the extent of 
thrombosis, and can provide additional features regarding 
liver parenchyma (22). 

Ample evidence indicates PVT affects peri-transplant 
morbidity and mortality. One retrospective study using the 
Organ Procurement and Transplant Network (OPTN) 
database found the prevalence of PVT at candidate 
registration increased between 2002 and 2014, and the 
presence of PVT was associated with increased waitlist 
dropout due to illness severity (23). Ghabril et al. (24) 
reported that interval development of PVT between waitlist 
registration and liver transplantation was associated with 
longer wait times and a higher model for end-stage liver 
disease (MELD) score increase. Of those who had PVT, 
only 31% of the patients were diagnosed at listing (24). 
Others report up to 50% of transplant recipients may have 
unrecognized PVT until the time of transplantation (19).  
These findings highlight that interval development of 
PVT is common and indicate that new PVT at liver 
transplantation is associated with progression of underlying 
liver disease. Furthermore, in the same aforementioned 
Ghabril et al. study, PVT was associated with an increased 
90-day mortality and graft failure post-transplantation (24). 
Similarly, a 2018 meta-analysis of 44 studies noted the 30-day  
and 1-year post-transplant mortality in those with PVT was 
significantly higher than those without PVT (25).

Characterizing the degree of occlusion and extent of 
propagation is important for management and prognosis, 

particularly since occlusive PVTs result in high peri-
transplant complications (26-28). The Yerdel classification 
characterizes lumen occlusion and extent of thrombosis into 
four grades (29) with higher grades [3–4] often requiring 
complex vascular reconstructions (19). In a small study of 25 
patients with PVT and no evidence of HCC who underwent 
transplant, PVT grade correlated with poor patient survival 
regardless of surgical technique (30). A larger, single-center 
study of over 3,200 liver transplant candidates noted those 
undergoing transplant with occlusive PVT had a seven-
fold increased risk of 30-day mortality in comparison to 
those without PVT (26). Another retrospective study from 
a single institution showed that total occlusion of PVT had 
a higher mortality, whereas patients with partial occlusion 
had similar survival rates as patients without PVT (27). In 
a study of liver transplant recipients from Canada and the 
United Kingdom, Karvellas et al. also noted patients with 
complete PVT at liver transplantation and those with re-
occlusion in the post-transplant setting had suboptimal 
outcomes (28).

PVT in patients with NASH cirrhosis 

While the exact mechanisms underlying an increase of 
PVT in patients with NASH have not been elucidated, the 
previously mentioned body of evidence underscoring the 
role of inflammatory and prothrombotic biomarkers cannot 
be ignored (Figure 1). Epidemiologic data show patients 
with NASH cirrhosis and obesity have an amplified risk of 
PVT. In a review of the OPTN database, Stine et al. (31) 
document that there was an increased prevalence of PVT at 
liver transplantation among patients with NASH compared 
to all other indications (10.1% vs. 6.0%; P<0.001). Moreover, 
NASH cirrhosis was the strongest risk factor associated 
with a diagnosis of PVT at liver transplantation (31).  
In a separate study, these same authors noted liver 
transplant recipients with NASH whom had high risk 
demographic and clinical features [age >60, body mass index 
(BMI) >30 kg/m2, and history of pre-transplant T2DM 
or hypertension] were twice as likely to have PVT at liver 
transplantation (32). Similarly, other database and single-
center studies have noted NASH, obesity, BMI, and T2DM 
as risk factors for PVT development (23,33), and it has been 
noted that obesity, T2DM, and cryptogenic cirrhosis (the 
latter diagnosis is commonly considered as undiagnosed 
NAFLD) were risk factors for interval development of 
PVT between transplant listing and transplantation (24). In 
addition to an increased risk of PVT among liver transplant 
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registrants with NASH, liver transplant recipients with 
NASH cirrhosis and pre-transplant PVT had a 45% 
increased risk of 90-day graft failure compared to patients 
with NASH and no evidence of PVT at transplant (34). 

Management of PVT

As the frequency of NASH cirrhosis increases, it is likely 
that clinicians will see more cases of PVT in this population 
(31,35). Similarly, since NAFLD is associated with an 
increase in arterial and venous thrombosis, comprehensive 
approaches such as treatment with antithrombotic agents 
will be required (35). At present, no strategies specific to 
liver transplant candidates with NASH and PVT exist. 
However, since patients with NASH cirrhosis that develop 

PVT represent a high-risk subgroup in terms of post-
transplant morbidity, particular attention should be taken 
to optimize these patients’ outcomes. Restoration of portal 
flow results in improvement in many of the previously 
mentioned risks including peri-transplant surgical 
complications and recanalization prevents extension into the 
mesenteric/splenic venous system (35). Table 1 summarizes 
various treatment strategies. 

Pharmacotherapy

In general, anticoagulation helps prevent propagation 
of clot and is thought to halt intrahepatic microthrombi 
leading to ischemia and subsequent cell death, a term known 
as parenchymal extinction (10,37). Studies have examined 

Liver inflammation and fibrosis

(NAFLD/NASH)
Pro-inflammatory markers 

CRP, II-6, TNF-a, TGF-b

Hypercoagulability

Increase in Fibrinogen, FVIl, FVlII,

FIX, FXI, FXII, vWF, Protein C, PAI-1

PVT

Figure 1 NAFLD/NASH leading to PVT. The independent pathogenesis of NAFLD/NASH creates a proinflammatory and prothrombotic 
state, which not only creates an environment favoring thrombosis including PVT. Adapted from Targher et al. (7). NAFLD, non-alcoholic 
fatty liver disease; NASH, non-alcoholic steatohepatitis; CRP, C-reactive protein; vWF, von Willebrand factor; PVT, portal vein thrombosis.  

Table 1 Benefits and drawbacks of PVT treatment options

PVT therapeutic options Specific benefits Drawbacks

LMWH No lab monitoring, fixed dose, does not 
affect MELD score, reversible

Needs to be renally adjusted, no oral administration, concern for 
effectiveness in advanced cirrhosis

VKA Low cost, oral administration, reversible Monitoring of INR required and affects MELD score

DOAC No lab monitoring, fixed-dose, minimally 
affects MELD score, oral administration

Reversible agents not always available, hepatotoxicity in 
rivaroxaban

TIPS No anticoagulation Procedure experience required, failure or shunt dysfunction, 
hepatic encephalopathy, liver failure, can complicate transplant 
surgery

Table adapted from Loudin et al. (36). PVT, portal vein thrombosis; LMWH, low molecular weight heparin; VKA, vitamin K antagonist; 
DOAC, direct oral anticoagulant; TIPS, transjugular intrahepatic portosystemic shunt; MELD, model for end-stage liver disease; INR, 
international normalized ratio.
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anticoagulation prior to transplantation with low molecular 
weight heparin (LMWH) and vitamin K antagonists (VKAs) 
as both prevention and/or treatment of PVT. One Spanish 
study of 55 patients with cirrhosis found that both LMWH 
and VKAs produced partial or complete recanalization in 
60% of patients with early initiation significantly affecting 
recanalization. Re-thrombosis was seen in 38.5% once 
anticoagulation had been stopped, which lead the authors 
to recommend continuing anticoagulation indefinitely. 
Although 5 patients on anticoagulation did have bleeding 
complications, a platelet count of less than 50×109/L was 
the only significant factor associated with having a higher 
risk of bleeding complications (38). In one small unblinded, 
randomized control trial out of Italy, a 12-month course 
of LMWH prevented PVT in patients with cirrhosis 
and a Child-Pugh score of 7–10. No adverse side effects 
or hemorrhagic events were identified. It also appeared 
that the patients taking LMWH had a delay in hepatic 
decompensation and improved survival (37). Another small 
Italian study of 28 patients looking at the effectiveness 
of enoxaparin in the resolution of PVT in patients with 
cirrhosis found a complete response in 75% of patients. Of 
note, there were no adverse effects such as bleeding (39). 
A more recent meta-analysis of patients with cirrhosis and 
PVT evaluated anticoagulation with LMWH or warfarin 
versus no anticoagulation therapy. The results showed 
more recanalization (71% vs. 42%; P<0.0001) and less 
progression of PVT (odds ratio: 0.141; 95% confidence 
interval, 0.06–0.31; P<0.001) in patients on anticoagulation 
compared to those not treated with anticoagulation. There 
was also no increase in major or minor bleeding in the 
anticoagulated patients; in fact, these patients had a decrease 
in variceal hemorrhage (40). With the exception of the 
meta-analysis, the studies to date have been small in nature, 
but taken together, the results show that both LMWH 
and VKAs are safe to use and beneficial in patients with 
cirrhosis and PVT. Nevertheless, larger controlled trials 
are needed for anticoagulation to become a mainstay for 
prevention and individualized patient care should be taken 
when considering anticoagulation for treatment of PVT.

LMWH 

While the optimal anticoagulant agent to use for PVT has 
not been firmly established, LMWH has been shown to 
be safe and effective in patients with cirrhosis. LMWH 
indirectly inhibits factor Xa. Unlike VKAs, there is no 
required lab monitoring with LMWH, although some 

evidence suggest anti-Xa levels can be used as a proxy for 
LMWH concentration (41), but data are conflicting (35,42). 
Furthermore, it does not affect the MELD score and can 
be administered in a fixed twice daily subcutaneous dose 
adjusted for body weight to treat PVT. LMWH does have 
some drawbacks. The medication dose requires adjustment 
depending on renal function, is not available in oral form, is 
only partially reversed with protamine, can cause heparin-
induced thrombocytopenia, and is more expensive than 
older medications like VKAs. There is also concern in 
the effectiveness of LMWH in advanced cirrhosis due to 
impaired synthesis of antithrombin (19,35,41,42). 

VKAs

VKAs such as warfarin inhibit a vitamin K dependent 
enzyme responsible for synthesis of factors II, VII, IX, 
and X. VKAs are beneficial due to their low cost, ease 
of administration given it is an oral medication, and 
reversibility. Unfortunately, VKAs require international 
normalized ratio (INR) monitoring to maintain therapeutic 
levels. Not only does this create issues with monitoring 
compliance, but it is difficult to determine therapeutic 
INR levels in patients with cirrhosis as the INR is already 
elevated. INR is also a component of the MELD score, 
meaning that initiation of VKAs can raise the MELD 
score, subsequently affecting priority for liver transplant 
(19,35,42). 

Direct oral anticoagulants (DOACs)

DOACs which either directly inhibit factor Xa (rivaroxaban, 
apixaban, edoxaban, and betrixaban) or directly inhibit 
thrombin (dabigatran) have not been rigorously studied 
in patients with cirrhosis. In fact, patients with cirrhosis 
were often excluded from the initial drug trials. While 
these medications have increasing utilization in a variety 
of conditions and have the benefit of fixed dosing and oral 
administration, they are expensive and the reversal agents 
are not universally available as are the antidotes for VKA 
or LMWH (43). There have been limited studies showing 
partial or complete recanalization of the portal vein with the 
use of DOACs. A recent study comparing edoxaban versus 
warfarin for 6 months in patients with cirrhosis and acute 
PVT showed the edoxaban group had a higher percentage 
of complete resolution of PVT (70% vs. 20%; P<0.001). 
In addition, a smaller percentage of patients on edoxaban 
had progression of PVT (5% vs. 47%; P<0.01), defined 
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as increase in the PVT volume post-treatment compared 
to the pre-treatment PVT volume. While this study is 
interesting, it did not have enough power to evaluate 
for a difference in bleeding complications (43,44). The 
European Association for the Study of the Liver guidelines 
recommend caution when using DOACs due to lack of 
research, as well as cases of hepatotoxicity with the use of 
rivaroxaban (42).

Invasive interventions

Transjugular intrahepatic portal shunt (TIPS)

PVT was once seen as a contraindication for TIPS. 
Now, TIPS is often performed for those with PVT and 
complications of portal hypertension (variceal hemorrhage, 
ascites) and can be considered a treatment option for PVT, 
as return of portal blood flow via re-canalization of the 
portal vein can prevent further thrombosis. The success of 
TIPS is often limited by the extent of the thrombus and 
experience of the performing center (19,45,46). Senzolo 
et al. demonstrated that TIPS can result in recanalization 
and decrease thrombosis extension in patients who 
had contraindications to anticoagulation or who had 
progression of clot in the setting of anticoagulation (47). 
When post-TIPS anticoagulation therapy has been studied, 
there appears to be comparable recanalization rates when 
comparing patients without anticoagulation, suggesting 
that anticoagulation is not needed for continued portal 
vein patency (19,46). The disadvantages of TIPS include 
operator inexperience, shunt dysfunction or need for 
revision, hepatic encephalopathy, and hepatic failure (19). 

Thrombolysis

Thrombolysis has been looked at as a treatment option for 
acute PVT, however studies have shown that morbidity 
and complication rates are high. As such, the procedure is 
not usually recommended for chronic PVT. An alternative 
to thrombolysis is mechanical thrombectomy. Although 
mechanical thrombectomy is a technique that rapidly 
removes the clot and avoids thrombolytic medications, it 
can cause damage to the intimal or vascular layers of the 
portal vein, increasing the risk of recurrent thrombosis (48).

Key points 

(I)	 NAFLD/NASH is an increasing cause of liver disease 

that has an increased hypercoagulable state, higher 
than other liver diseases;

(II)	This increased prothrombotic risk leads to higher 
rates of PVT;

(III)	More research is needed to standardize treatment of 
PVT with anticoagulation or TIPS procedure;

(IV)	PVT without treatment leads to transplant surgery 
complications and worse outcomes post-transplant.

Conclusions

In conclusion, NAFLD/NASH is an increasing cause of 
liver disease that has a higher risk of hypercoagulability 
and therefore higher rates of PVT than other etiologies 
of cirrhosis. PVT has been shown to complicate the liver 
transplant operation and worsen outcomes after liver 
transplant. Therefore, treatment will become important as 
the prevalence of both NASH cirrhosis and PVT increase. 
Anticoagulation and TIPS procedure can benefit patients 
and, in some cases, resolve PVT, but more research 
is required to make strong conclusions about their 
widespread use in patients with PVT and cirrhosis due to 
NAFLD. 
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