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Abstract

Portal vein thrombosis (PVT) is a common complication of cirrhosis sometimes implicated in 

hepatic decompensation. There are no consistent epidemiologic data to suggest an increased risk 

of thrombotic complications in nonalcoholic steatohepatitis (NASH); however, research suggests 

an increased risk of thrombosis. Our aim was to examine the independent association between 

NASH cirrhosis and PVT in patients who underwent liver transplantation (LT) in a cross-sectional 

study. Data on all LTs occurring in the United States between January 1, 2003 and December 31, 

2012 were obtained from the United Network for Organ Sharing. Multivariable models were 

constructed to assess the statistical associations and risk factors for the development of PVT. A 

total of 33,368 patients underwent transplantation. Of these, 2096 (6.3%) had PVT. Of the patients 

with PVT, 12.0% had NASH. When we compared these patients to a composite of all other causes 

of cirrhosis, an increased prevalence of PVT was again found, with 10.1% having PVT at the time 

of transplantation versus 6.0% without NASH (P< 0.001). The strongest risk factor independently 

associated with a diagnosis of PVT in a multivariable analysis was NASH cirrhosis (odds ratio, 

1.55; 95% confidence interval, 1.33–1.81; P< 0.001). NASH cirrhosis appears to predispose a 

patient to PVT independently of other risk factors. These epidemiological findings provide support 

for the idea that NASH is a prothrombotic state, and they should lead to more research in 

treatment and prevention in this population.

Nonalcoholic steatohepatitis (NASH) is the most severe form of nonalcoholic fatty liver 

disease (NAFLD) and is characterized by steatosis, inflammation, cell injury, and fibrosis.1 

It is thought to also underlie many cases of cryptogenic cirrhosis.2 With increasing obesity 

in industrialized nations, prevalence rates for NAFLD are approximately 20%;3 this 

corresponds to 28 to 31 million adults worldwide.3 NASH is expected to become the leading 

indication for liver transplantation (LT) in the United States by 2025.4 Chronic ongoing 

inflammation from NASH results in lipid-based oxidative injury and necroapoptosis.5–8 This 

may lead to activation of the coagulation system and a resultant in vitro hypercoaguable 

state because procoagulant levels of plasminogen activator inhibitor 1 (PAI-1) and factor 
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VIII have been shown to be elevated, whereas anticoagulant levels of protein C are 

decreased in NASH cirrhosis.9 NASH has also been independently associated with ischemic 

heart disease,10 but there are no consistent epidemiological or clinical data to support 

increased rates of venous thrombosis in NASH. In addition to macro-vascular disease, 

intrahepatic microthrombosis in NASH may play a role in the progression of fibrosis and 

parenchymal extinction,11 and the presence of thrombotic risk factors is associated with 

higher degrees of fibrosis and inflammatory stages on biopsy.12

The relationship between NASH and macrovascular venous thrombosis, particularly portal 

vein thrombosis (PVT), is less well documented, but it has been described in a limited 

number of patients.13 Although there is an ongoing debate regarding its clinical significance 

and the appropriate therapy, several studies indicate an adverse effect on clinical outcomes 

with or without transplantation.14,15 The prevalence of PVT in patients with cirrhosis has 

been reported to be as high as 26%16 and as high as 36% at explant examination in patients 

undergoing LT, as suggested by the presence of thickened walls on direct examination, 

which is consistent with previous thrombosis.17 The incidence of PVT is variable but can be 

as high as 16%.18 With the increasing incidence of NASH and the longer transplantation 

wait list and survival times of patients with cirrhosis, it is reasonable to presume that 

thrombotic complications, including PVT, will continue to increase in incidence. The 

importance of PVT is just beginning to be fully understood because its presence can lead to 

not only clinical deterioration, complications affecting quality of life, and hepatic 

decompensation but also increased mortality after LT 15,19

In this retrospective, nationwide US epidemiological cohort study, we aimed to examine 

whether or not there is an association between NASH and PVT in patients who undergo LT.

PATIENTS AND METHODS

Study Design and Recipient Characteristics

Data on all LTs occurring in the United States between January 1, 2003 and December 31, 

2012 were obtained from the Organ and Transplantation Network (OPTN) with permission 

from the United Network for Organ Sharing (UNOS). Only transplant candidates who were 

listed for transplantation at or above the age of 18 years were included in the analysis. All 

transplants for acute liver failure, status 1 candidates (urgent retransplantation), malignancy 

(hepatocellular carcinoma, cholangiocarcinoma, and hepatoblastoma), and recipients with 

transjugular intrahepatic portosystemic shunts were excluded from the analysis. Because the 

definition of PVT in this data set relied on explant examinations and direct surgical 

observations, only transplant candidates who successfully underwent transplantation were 

included in this analysis. In the transplantation data set, the etiology of cirrhosis was 

characterized into 1 of 79 different diagnoses on the basis of clinical information available at 

the time of the initial evaluation and listing. In this article, transplant recipients were 

categorized into 1 of 2 disease etiology categories: (1) recipients with diagnosis code 4214 

(“Cirrhosis: Fatty Liver [NASH]”) were categorized as NASH cirrhosis, and (2) recipients 

with all other cirrhosis codes were categorized as non-NASH. Recipients with diagnosis 

code 4208 (“Cirrhosis: Cryptogenic–Idiopathic”) and diagnosis code 4213 (“Cirrhosis: 

Cryptogenic [Idiopathic]”) were categorized as cryptogenic cirrhosis and were excluded 
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from the analysis because of the potential miscoding of NASH recipients as cryptogenic. 

Baseline covariate characteristics were reviewed, and they included recipient characteristics 

(age at listing and at LT, sex, and ethnicity), etiology of liver disease, severity of liver disease 

based on the Model for End-State Liver Disease (MELD) score, laboratory values (bilirubin, 

international normalized ratio [INR], creatinine, and albumin), portal hypertension 

manifestations (ascites and hepatic encephalopathy), and NASH risk factors (diabetes and 

body mass index [BMI]).

Outcomes Definition

Analyses were performed that compared recipients with NASH cirrhosis to the non-NASH 

group. PVT was categorized as “present,” “not present,” or “unknown,” and this was based 

on explant examinations and direct surgical observations. The character and extent (partial 

or complete) of PVT were not indicated in the data set. An initial analysis showed that 

30,018 recipients (90.0%) were categorized as having PVT not present, and 2096 (6.3%) 

were categorized as definitively having PVT at transplantation; 1254 (3.8%) were 

categorized in the data set as having an “unknown” PVT status. A worst-case/best-case 

scenario analysis was performed with all of the “unknown” recipients characterized as 

definite PVT, and conversely, all were characterized as no PVT. The results of these separate 

analyses did not change the fundamental conclusions of this article; therefore, for the 

purpose of this analysis, all recipients categorized as “unknown” were considered to not 

have PVT. Data were incomplete to sufficiently review regarding previous episodes, the 

presence of concurrent inherited thrombophilic disorder, and/or the treatment of PVT.

Statistics

Recipients with PVT were compared to those without PVT statistically for multiple factors, 

including demographics, waiting list characteristics, medical comorbidities, transplantation 

characteristics, and outcomes. Multivariable models were constructed to assess statistical 

associations and risk factors for the development of PVT. Individual factors were included in 

the multi-variable model if they were statistically significant at P < 0.20 in the univariate 

analysis, were clinically important, or had been shown in the literature to be important.21,22 

Univariate comparisons were performed with the Student t test, Wilcoxon sign rank test, 

chisquare test, or Fisher’s exact test as appropriate. Multivariable models were constructed 

with logistic regressions and analyses of the maximum likelihood estimates. All statistical 

tests for significance were 2-sided, and a significance level of P ≤ 0.05 was considered 

statistically significant. All data set manipulation and statistical analyses were performed 

with SAS (version 9.3; Cary, NC). No transplants involving prisoners were included in this 

analysis. Because the OPTN data set is deidentified, institutional review board approval was 

not required for this study.

RESULTS

A total of 33,368 patients met the criteria for inclusion in our study analysis (Fig. 1). Of 

these, 2096 patients (6.3%) had PVT at the time of LT, 30,018 did not have PVT, and 1254 

recipients had an unknown status but were included in the non-PVT group. Background 

demographics, the severity of liver disease (including manifestations of portal hypertension), 
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and laboratory values were, in general, statistically similar or with marginal clinically 

important differences for patients with and PVT, with several exceptions (Table 1). Patients 

with PVT had a higher MELD at time of allocation (23 versus 22; P< 0.001) and had more 

advanced ascites (35.1% versus 31.6%; P = 0.001). A lower percentage of African 

Americans was found in the PVT group (7.5% for the PVT group versus 10.3% for the non-

PVT group; P < 0.001). Patients with PVT were more likely to have diabetes, a risk factor 

for NASH (28.1% versus 21.7%; P< 0.0001), and had a slightly higher BMI (28.2 versus 

27.9 kg/m2; P = 0.0354).

Several differences were noted with respect to the etiology of chronic liver disease. Of those 

patients with PVT, 12.0% had underlying NASH cirrhosis, whereas 7.2% did in the non-

PVT group. Cholestatic liver disease was less common in patients with PVT (8.7% versus 

10.4%; P = 0.02). Recipients with hepatitis C virus (HCV; 39.1% in HCV group versus 

42.5% in all others; P < 0.001) were found at a lower frequency in the PVT group. When we 

compared patients with NASH cirrhosis to a composite of all other causes of cirrhosis, an 

increased prevalence of PVT was again found, with 10.1% having PVT at the time of LT 

versus 6.0% without NASH cirrhosis (P< 0.001).

In a multivariable analysis of risk factors for PVT, the strongest risk factor independently 

associated with a diagnosis of PVT was NASH cirrhosis (odds ratio [OR], 1.55; 95% 

confidence interval [CI], 1.33–1.81; P < 0.001; Table 2). This was highly significant. 

Interestingly, African American race was independently associated with an inverse 

relationship with PVT (OR, 0.76; 95% CI, 0.64–0.90; P< 0.001). Although statistically 

significant in the univariate analysis, the association only approached significance in the 

multivariable analysis (OR, 0.91; 95% CI, 0.82–1.00; P = 0.06).

DISCUSSION

Although cardiovascular disease is the leading cause of death worldwide and also for NASH, 

an epidemiological link outside metabolic syndrome risk factors has not been definitively 

proven. Hypercoagulability and thrombosis were initially identified by studies on the natural 

history of NASH.7 Although we know that synergistic risk factors such as diabetes, obesity, 

and dyslipidemia lead to NASH, it is thought that chronic repetitive inflammation produces 

lipid-based oxidative injury and necroapoptosis, which may lead to activation of the 

coagulation system and a hypercoagulable state in laboratory and pathophysiology studies.
5,6,23,24 To date, marginal evidence exists from epidemiological studies suggesting a 

clinically applicable thrombophilic state, and the majority of evidence supports arterial 

rather than venous thromboembolic disease. A clinically significant association or causal 

relationship has yet to be firmly established.

In our study based on data from a large national database, we document a cross-sectional 

association showing an increased risk of PVT in patients with NASH cirrhosis who undergo 

LT. This difference was seen despite adjustments for known risk factors for NASH, 

including diabetes and overweight/obesity, which also was independently predictive of risk 

for PVT despite the etiology of cirrhosis. This further supports the in vivo data for a 

hypercoagulable state existing in NASH patients,5–8 which may predispose them to clot 
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formation. We further suggest that the impact of systemic inflammation predisposing 

patients to venous thrombus generation and endothelial dysfunction is underestimated. 

Recent data examining plasma for levels of procoagulants and anticoagulants in patients 

across the spectrum of NAFLD, including those with cirrhosis, support this.9 Although the 

exact clinical implications of this finding remain unclear, the authors postulate that the 

imbalance may be due to increased factor VIII and reduced protein C levels, which may lead 

to the downstream hallmark effects of adverse cardiovascular events and liver fibrosis in 

NASH patients,9 although the link to fibrosis has yet to be established because previous 

studies have failed to show a correlation between fibrosis on liver biopsy and an increase in 

factor VIII.25 However, levels of PAI-1 have been shown to significantly correlate with 

increasing severity of steatosis, lobular inflammation, ballooning, and fibrosis.25 We suggest 

that the imbalance of procoagulants and anticoagulants leads to PVT and that future study to 

better define this exact mechanism is warranted. A prevalence of 6.3% for PVT in all 

patients undergoing LT is expected on the basis of what has been previously published 

across the literature, albeit this is on the low end.

Our findings that African American race was associated with a lower prevalence of PVT was 

somewhat surprising because, in general, it is felt that African Americans are predisposed to 

venous thromboembolic disease, perhaps through higher levels of factor VIII and von 

Willebrand factor and lower protein C levels.26 What seems more likely is a dropout bias 

because these data are based on explant examinations. This is in alignment with previously 

demonstrated racial disparities in LT that affect African Americans and the findings of 

higher wait list mortality for African Americans.27

Our study has several weaknesses. Although it is based on a large data set compiled across 

greater than a decade of transplantation, it is nonetheless retrospective. Additionally, missing 

data are an issue with large data sets. We presumed that patients with an “unknown PVT 

status” did not have PVT, and this may have led to an intrinsic bias and an underreporting of 

the true prevalence of PVT in our population. However, we performed a best-case/worse-

case scenario analysis, and our fundamental conclusions were unchanged. Furthermore, PVT 

may prevent LT at several centers, and our analysis was unable to account for a potential 

dropout and selection bias because of this. Large data sets are also dependent on the 

accuracy of diagnostic coding. Additionally, our population considered only those patients 

who underwent LT. There is a large volume of patients undergoing LT who may have PVT 

and were not included in our analysis, and the generalizability of these findings to all 

patients with NASH and PVT, including non-LT candidates, remains unclear. Furthermore, 

the UNOS database does not differentiate between partial and complete PVT, and this may 

serve as a confounder in outcomes analysis. The UNOS database also does not contain 

information on anticoagulant use for other comorbid venous thromboembolic or cardiac 

disease, which may offer some protection against PVT. Nor does the data set contain 

information on inherited thrombophilic states, which could also lead to the development of 

PVT. Additionally, we examined data obtained at the time of LT, which may or may not 

correlate with the presence of PVT at the time the patient was initially listed.

In light of our findings that suggest an increased risk of PVT in NASH cirrhosis, more study 

is needed in establishing pathophysiology and mechanisms for this finding and for means to 
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prevent or treat PVT. A recent unblinded, single-center randomized controlled trial 

demonstrated that daily prophylactic dosing of low-molecular-weight heparin for 12 months 

prevented the development of PVT in patients with compensated cirrhosis at 48 weeks; this 

persisted through follow-up at 5 years in comparison with the standard of care.28 

Furthermore, the authors demonstrated significantly less hepatic decompensation in the low-

molecular-weight heparin arm (P< 0.001) and a survival benefit.31 Although this study has 

several flaws, it nevertheless remains promising for providing a therapeutic target to prevent 

PVT and leading to increased transplant-free survival. Our findings of increased PVT 

prevalence in NASH cirrhosis may offer a high-risk group for further clinical studies on 

anticoagulation and PVT.

In conclusion, the association between NASH and a hypercoaguable state is an ever-

expanding field of research. Existing epidemiological evidence demonstrates an independent 

effect of NASH on arterial clot formation in the macrovasculature; laboratory data confirm 

inflammation and coagulation changes in the liver. We have provided the first large-scale 

observational data showing that NASH predisposes patients to PVT through an 

undetermined mechanism. The identification of this mechanism is impaired by a lack of 

effective laboratory measures of the coagulation cascade and platelet function and a lack of 

progress in further defining parenchymal extinction and the effect of anticoagulation on 

fibrosis. Further exploration of the therapeutic and prophylactic treatment of PVT in NASH 

is greatly needed and will hopefully improve clinical outcomes and survival.
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Figure 1. 
Study enrollment.

Stine et al. Page 9

Liver Transpl. Author manuscript; available in PMC 2019 July 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Stine et al. Page 10

TA
B

L
E

 1
.

B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s 
of

 3
3,

36
8 

Pa
tie

nt
s 

W
ith

 a
nd

 W
ith

ou
t P

V
T

 a
t t

he
 T

im
e 

of
 T

ra
ns

pl
an

ta
tio

n

P
V

T
 (

n 
= 

20
96

)
N

o 
P

V
T

 (
n 

= 
31

,2
72

)
P

 V
al

ue

R
ec

ip
ie

nt
 c

ha
ra

ct
er

is
tic

s

 
A

ge
 a

t l
is

tin
g,

 y
ea

rs
53

.1
4 

(5
2.

72
–5

3.
55

)
52

.1
4 

(5
2.

03
–5

2.
26

)
<

0.
00

1

 
A

ge
 a

t t
ra

ns
pl

an
t, 

ye
ar

s
53

.8
0 

(5
3.

38
–5

4.
21

)
52

.6
0 

(5
2.

49
–5

2.
71

)
<

0.
00

1

 
Se

x,
 m

al
e

14
24

 (
66

.7
0)

20
,8

32
 (

66
.6

2)
0.

21

 
A

fr
ic

an
 A

m
er

ic
an

 r
ac

e
15

8 
(7

.5
4)

32
17

 (
10

.2
9)

<
0.

00
1

 
E

tio
lo

gy
 o

f 
liv

er
 d

is
ea

se

 
 

A
lc

oh
ol

 a
lo

ne
33

1 
(1

5.
79

)
48

81
 (

15
.6

1)
0.

82

 
 

A
ut

oi
m

m
un

e 
di

se
as

e
76

 (
3.

63
)

10
45

 (
3.

34
)

0.
48

 
 

C
ho

le
st

at
ic

 d
is

ea
se

18
3 

(8
.7

3)
32

37
 (

10
.3

5)
0.

01
8

 
 

H
ep

at
iti

s 
B

50
 (

2.
39

)
86

6 
(2

.7
7)

0.
30

 
 

H
C

V
82

0 
(3

9.
12

)
13

,2
82

 (
42

.4
7)

<
0.

00
1

 
 

N
A

SH
25

2 
(1

2.
02

)
22

50
 (

7.
19

)
<

0.
00

1

 
 

O
th

er
38

4 
(1

8.
32

)
57

11
 (

18
.2

6)
0.

95

Se
ve

ri
ty

 o
f 

liv
er

 d
is

ea
se

 
M

E
L

D
 s

co
re

 a
t l

is
tin

g
19

.4
5 

(1
9.

10
–1

9.
81

)
19

.7
1 

(1
9.

61
–1

9.
81

)
0.

20

 
M

E
L

D
 s

co
re

 a
t t

ra
ns

pl
an

ta
tio

n
23

.2
9 

(2
2.

89
–2

3.
69

)
22

.6
4 

(2
2.

53
–2

2.
75

)
<

0.
00

1

L
ab

or
at

or
y 

va
lu

es

 
Se

ru
m

 b
ili

ru
bi

n,
 m

g/
dL

9.
15

 (
8.

66
–9

.6
5)

9.
38

 (
9.

25
–9

.5
1)

0.
39

 
IN

R
1.

92
 (

1.
88

–1
.9

6)
1.

88
 (

1.
87

–1
.8

9)
0.

14

 
Se

ru
m

 a
lb

um
in

, g
/d

L
2.

96
 (

2.
93

–2
.9

9)
2.

96
 (

2.
95

–2
.9

6)
0.

75

 
C

re
at

in
in

e,
 g

/d
L

1.
66

 (
1.

60
–1

.7
1)

1.
67

 (
1.

65
–1

.6
9)

0.
67

 
O

n 
di

al
ys

is
 a

t t
ra

ns
pl

an
ta

tio
n

27
4 

(1
3.

09
)

48
73

 (
10

.3
9)

0.
12

Po
rt

al
 h

yp
er

te
ns

io
n 

m
an

if
es

ta
tio

ns

 
A

sc
ite

s 
gr

ad
e 

>
 2

 a
t t

ra
ns

pl
an

t
73

5 
(3

5.
07

)
98

86
 (

31
.6

1)
0.

00
1

 
H

ep
at

ic
 e

nc
ep

ha
lo

pa
th

y 
>

 2
 a

t t
ra

ns
pl

an
t

25
3 

(1
2.

07
)

34
87

 (
11

.1
5)

0.
20

N
A

SH
 r

is
k 

fa
ct

or
s

 
D

ia
be

te
s

58
8 

(2
8.

05
)

67
72

 (
21

.6
6)

<
0.

00
1

 
B

M
I 

at
 tr

an
sp

la
nt

, k
g/

m
2

28
.1

6 
(2

7.
91

–2
8.

42
)

27
.8

9 
(2

7.
83

–2
7.

95
)

0.
04

Liver Transpl. Author manuscript; available in PMC 2019 July 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Stine et al. Page 11
N

O
T

E
: D

at
a 

ar
e 

gi
ve

n 
as

 n
 (

%
) 

or
 m

ea
n 

(9
5%

 C
I)

.

Liver Transpl. Author manuscript; available in PMC 2019 July 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Stine et al. Page 12

TABLE 2.

Multivariate Analysis for Predictors of PVT at Transplantation

OR 95% CI P Value

NASH cirrhosis 1.55 1.33–1.81 <0.001

HCV 0.91 0.82–1.00 0.058

Cholestatic disease 0.87 0.73–1.03 0.10

Sex, male 1.08 0.98–1.19 0.11

African American 0.76 0.64–0.90 <0.001

 race

Age, years 1.01 1.00–1.02 <0.001

Final MELD score 1.01 1.00–1.01 0.04

BMI, kg/m2 1.00 0.99–1.01 0.10

Ascites > 2 1.11 1.00–1.23 0.05

Encephalopathy > 2 0.98 0.85–1.14 0.82

Final INR 1.00 0.95–1.05 0.96

NOTE: An OR >1.0 indicates a relative risk for development of PVT, whereas an OR < 1.0 indicates protection from development of PVT.
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