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Abstract

Background Portal vein thrombosis (PVT) and venous thromboembolism (VTE) are fearsome complications of liver
cirrhosis.

Objectives To assess the prevalence and the main risk factors for venous thrombotic complications in hospitalized cirrhotic
patients.

Patients/methods We retrospectively reviewed electronic administrative discharge data of 19461 cirrhotic patients hospi-
talized over a 35-year period; univariate and multivariate logistic regression was used to asses risk factors for PVT or VTE
and their impact on hospital stay and mortality.

Results 382 out of 7445 patients (5.1%) were diagnosed with PVT and 95 (1.3%) with VTE. Liver cirrhosis complications
were observed in 45% of patients. Hepatic encephalopathy (HE) (OR 13.88 [10.76-17.98] p <0.0001), endoscopic signs of
portal hypertension (OR 1.33 [1.02—1.75] p=0.02), hepatocellular carcinoma (HCC) (OR 4.59 [3.6-5.84] p<0.0001), dia-
betes (OR 1.68 [1.27-2.22] p=0.0001), abdominal surgery/invasive procedures (OR 2.03 [1.56-2.64] p <0.0001) emerged
as independent predictors of PVT. Higher risk of VTE was observed in patients with HE (OR 3.21 [1.78-5.79] p <0.0001),
HCC (OR 1.98 [1.23-3.19] p=0.002) or other tumors (OR 2.48 [1.42-4.32] p=0.001), acute illnesses (infections OR 3.01
[1.84-5.05] p=0.0001; cardiac/respiratory insufficiency OR 2.4 [1.27-4.53] p=0.003; acute myocardial infarction/stroke
OR 7.86 [1.76-35.12] p=0.003). VTE was the only independent predictor of in-hospital mortality (OR 4.45 [1.05-18.81]
p=0.042).

Conclusions Liver disease complications related to portal hypertension, HCC or other tumors, diabetes, acute illnesses (i.e.
infections, cardiac/pulmonary insufficiency, acute myocardial infarction/stroke) and abdominal interventions are associ-
ated with increased risk of PVT or VTE in hospitalized cirrhotic patients, and should be considered to define personalized
preemptive approaches.
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Introduction

Portal vein thrombosis (PVT) and venous thromboembo-
Maria Assunta Zocco and Francesca Romana Ponziani equally lism (VTE) are fearsome complications of liver cirrhosis,
contributed to the paper resulting from complex changes in haemodynamic and hae-
mostatic pathways caused by liver dysfunction [1, 2]. PVT
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cirrhosis and deep vein thrombosis (DVT) or pulmonary
embolism (PE) [9]. A worse outcome has also been asso-
ciated with VTE in patients with decompensated cirrhosis
compared to compensated disease [10]. However, the prog-
nostic value of PVT on liver disease progression and out-
come remains an unresolved question, because clinical trials
are based on small cohorts of patients with short follow-up,
and randomized controlled trials are lacking [11]. Progres-
sion or regression of partial PVT also does not seem to have
a clear impact on the natural history of liver cirrhosis. It has
been reported that improvement of PVT provided no ben-
efit on cirrhosis-related complications and survival, whereas
only Child—Pugh score was found to be an independent pre-
dictor of mortality and liver failure in this patient population
[11]. In contrast, PVT, when complete and extended to the
distal superior mesenteric vein, was associated with higher
short-term and medium-term mortality after LT [12].

The occurrence of thrombotic complications in patients
with liver cirrhosis is difficult to predict. Conventional
coagulation tests are of limited value when estimating the
haemostatic balance, and even misleading when assessing
life-threatening bleeding risk [1]. Given the negative prog-
nostic impact of thrombotic complications in liver cirrhosis,
the identification of reliable predictive factors is crucial for
clinical decision-making, and for the management of throm-
boprophylaxis [9]. In addition, comorbidity scores have been
validated as predictors of mortality among patients with liver
cirrhosis and LT recipients [13, 14]. Although comorbidities
have shown a significant influence on coagulation balance
and are commonly included in thrombosis prediction scoring
systems, their role in the specific haemostatic setting of liver
cirrhosis has not been explored yet.

The main aim of this study was to define the prevalence
of PVT and VTE in a large population of hospitalized cir-
rhotic patients, and to investigate whether factors related to
liver disease and comorbidities could increase the risk of
thrombotic events.

Patients and methods

We retrospectively reviewed electronical records of all
patients discharged from the Fondazione Policlinico Uni-
versitario Agostino Gemelli IRCCS in Rome over a 35-year
period (1982-2017) with a diagnosis of: “liver cirrhosis”,
“alcoholic liver cirrhosis” or “cirrhosis of liver without
mention of alcohol”. The review was conducted by two
independent researchers (MF and FRP) and based on inter-
national classification of diseases 9th revision (ICD-9)
codes (Supplementary Table 1). To avoid coding errors, we
included only patients with at least another hospital admis-
sion with the same ICD-9 code in the following 18-month
period, or those with one or more further ICD-9 codes
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suggestive of liver cirrhosis complications, such as “hepatic
encephalopathy” (HE), “endoscopic signs of portal hyper-
tension” (including “esophageal varices without bleeding”,
“esophageal varices with bleeding”), “ascites”, and “hepa-
torenal syndrome” (HRS). To avoid the inclusion of patients
without liver cirrhosis, the ICD-9 codes “biliary cirrhosis”
and “chronic liver disease” were not considered. We also
excluded patients with age < 18 years.

In this population, we searched for the occurrence of
non-neoplastic PVT or VTE, the latter including “deep vein
thrombosis”, “pulmonary embolism” and thrombosis of the
“inferior vena cava” (IVC). Phlebitis and thrombophlebitis
of superficial vessels and catheter-related venous thrombosis
were excluded. In case of multiple admissions per patient,
we included only the first admission or the first hospitaliza-
tion with a discharge diagnosis of thrombotic events.

Three subgroups were identified based on the prevalence
of thrombotic complications: the PVT group, the VTE group
and the no thrombosis group. We then assessed for each
subgroup the prevalence of liver cirrhosis complications (i.e.
all the complications related to portal hypertension, such
as: esophageal varices, hepatic encephalopathy, ascites,
spontaneous bacterial peritonitis, hepatorenal syndrome)
and comorbidities, in particular those included in the most
common thrombosis prediction scoring systems for medical
inpatients, such as the Padua prediction score (e.g. heart/res-
piratory failure, acute myocardial infarction/ischemic stroke,
acute infection, active cancer) [15]. We intentionally consid-
ered HCC separately from the complications related to por-
tal hypertension to better analyze its specific weight on the
prevalence of thromboembolic complications. Abdominal
surgical operations or invasive procedures performed dur-
ing the hospital stay were also recorded, the latter including
esophageal/gastric varices sclerotherapy or ligation, liver
biopsy, non-surgical treatment for HCC, or percutaneous
abdominal drainage.

Statistical analysis

Non-parametric statistics was used due to the non-normal
distribution of data, which was confirmed by visual inspec-
tion and using the Kolmogorov—Smirnov test. Patients’
characteristics and laboratory examinations were reported
as median and interquartile range (continuous variables) or
as frequencies and percentages (categorical variables).
Comparisons between the three subgroups of cirrhotic
patients according to the presence of PVT, VTE or no
thrombosis were performed using the Kruskal-Wallis test
and the post hoc analysis with Bonferroni correction for
continuous variables, whereas the chi-squared test or the
Fisher’s exact test were used for categorical ones, as appro-
priate (i.e. big contingency tables or when small frequencies
were expected, respectively). Finally, the predictive value
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Fig. 1 Study flowchart. PVT portal vein thrombosis, VTE venous
thromboembolism, PE pulmonary embolism, /VC inferior vena cava

of age, gender, comorbidities, liver cirrhosis complications,
neoplastic disease, abdominal surgery/invasive procedures
on the risk of PVT or VTE was evaluated using logistic
regression; only variables with a p value <0.1 at univariate
analysis were included in the multivariate model.

The analyses were performed with R statistics program
version 3.6.2, packages doBy, FSA, nnet. A two-tailed p
value < 0.05 was considered statistically significant.

Results

An overall number of 19461 electronic discharge records
was reviewed. After having removed duplicates and verified
the eligibility criteria, 7445 records of patients with liver
cirrhosis were kept and further analyzed (Fig. 1).

Patients’ characteristics are described in Table 1. The
median age was 64 (54-72) years, with a prevalence of
male gender (69.08%). PVT diagnosis was identified in
382 (5.13%) patients, VTE in 95 patients (1.27%). Among
patients with VTE, 16 (0.21%) presented DVT, 33 (0.44%)
PE, 35 (0.47%) DVT and PE, 11 (0.15%) thrombosis of the
IVC. Cirrhotic patients with VTE (67 years [59.5-76.00])
were older than those with PVT (64 years [55.20-71.70]
p=0.03) or without thrombosis (63 years [54.00-72.00]
p=0.02).

Prevalence of liver cirrhosis complications
in patients with PVT or VTE

Any liver cirrhosis complication related to portal hyper-
tension was observed in 45.02% of patients with PVT, in
32.63% of those with VTE (p=0.03) and in 40.22% of
those without thrombosis (Table 1). HE (41.6%), endo-
scopic signs of portal hypertension (26.70%) or ascites
(18.58%) were the most commonly observed complica-
tions among patients with PVT, with a higher prevalence
compared to patients with VTE (14.73% p <0.0001 for
HE; 12.63% p =0.003 for endoscopic signs of portal
hypertension) or with no thrombosis (5.99% p <0.0001
for HE; 16.24% p <0.0001 for portal hypertension;
13.26% p =0.004 for ascites). Only the prevalence of HE
was higher in patients with VTE compared to those with-
out thrombosis (p =0.002). Acute variceal bleeding was
more frequent in the group without thrombosis than in
PVT patients (5.56% vs 2.09%, p=0.0015), and no case
of bleeding was reported in the VTE group (p=0.01). A
minority of cases of SBP and HRS were also identified,
almost all occurred in the group without thrombosis.

Prevalence of neoplastic disease in hospitalized
cirrhotic patients with PVT or VTE

Any kind of tumor was present in 2036 (27.34%) patients;
1524 (20.47%) were affected by HCC. The prevalence of
tumor diagnosis was 46.59% in patients with PVT and
42.10% in those with VTE, respectively, which was a sig-
nificantly higher percentage compared to patients without
thrombosis (26.09%; p <0.0001 and p =0.0008, respec-
tively). HCC was diagnosed in 42.40% of patients with
PVT, 27.36% of those with VTE and 19.17% of controls
without thrombosis, thus being more frequent in patients
with thrombotic events (PVT vs no thrombosis p=0.0001;
VTE vs no thrombosis p =0.049) and, among them, mainly
in the PVT group than in the VTE group (p =0.007). As
expected, neoplastic disease other than HCC was more
frequently associated with VTE (16.84%) than with PVT
(4.71%; p=0.0001).

Association between PVT or VTE and comorbidities,
surgical operations or invasive procedures

As regards comorbidities, diabetes was diagnosed in
14.06% of the study population, and appeared to be more
frequent in patients with PVT (20.94%) than in those with-
out thrombosis (13.66%, p=0.0001). Cardiac or respira-
tory insufficiency was present in a minority of patients
(5.15%) and was more common among patients with VTE
(12.63%) than in those with PVT (3.66% p =0.002) or in
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Table 1 Demographic and clinical characteristics of the population of cirrhotic patients included in the analysis, stratified according to the pres-
ence of portal vein thrombosis (PVT), venous thromboembolism (VTE) or no thrombosis (NT)

Overall popula-  PVT group VTE group NT group p value p value p value
tion (N=7445) (N=382) (N=95) (N=6968) PVT vs NT VTEvs NT PVTvs VTE
Gender
Male 5143 (69.08) 276 (72.25) 59 (62.11) 4808 (69.00) 0.19 0.15 0.06
Female 2302 (30.92) 106 (27.75) 36 (37.89) 2160 (31.00)
Age (years) 64 (54.00-72.00) 64 (55.20-71.70) 67 (59.50-76.00) 63 (54.00-72.00)  0.44 0.006 0.034
Any liver cirrhosis 3006 (40.37) 172 (45.02) 31 (32.63) 2803 (40.22) 0.07 0.14 0.03
complication®
Ascites 1008 (13.53) 71 (18.58) 13 (13.68) 924 (13.26) 0.004 0.87 0.29
Endoscopic signs 1246 (16.73) 102 (26.70) 12 (12.63) 1132 (16.24) <0.0001  0.40 0.003
of portal hyper-
tension
HE 591 (7.93) 159 (41.62) 14 (14.73) 418 (5.99) <0.0001 0.002 <0.0001
SBP 19 (0.25) - 0 (0.00) 19 (0.27) 0.62 1 1
HRS 84 (1.12) - 1 (1.05) 83 (1.19) 0.02 1 0.19
Variceal bleeding 396 (5.31) 8 (2.09) - 388 (5.56) 0.0015 0.0100 0.37
Any tumor 2036 (27.34) 178 (46.59) 40 (42.10) 1818 (26.09) <0.0001  0.0008 0.49
HCC 1524 (20.47) 162 (42.40) 26 (27.36) 1336 (19.17) 0.0001 0.049 0.007
Other tumors 596 (8.00) 18 (4.71) 16 (16.84) 562 (8.06) 0.01 0.007 0.0001
Diabetes 1047 (14.06) 80 (20.94) 15 (15.78) 952 (13.66) 0.0001 0.55 0.31
Cardiac or respira- 384 (5.15) 14 (3.66) 12 (12.63) 358 (5.13) 0.23 0.004 0.002
tory insufficiency
AMI or stroke 22 (0.29) 1 (0.26) 2 (2.10) 19 (0.27) 1 0.03 0.10
Acute infection 655 (8.79) 30 (7.85) 21 (22.10) 603 (8.65) 0.64 <0.0001 0.0002
Potentially on 166 (2.22) 3(0.78) 0 (0.00) 163 (2.33) 0.049 0.17 1
anticoagulant
treatment®
Abdominal 1079 (14.49) 101 (26.43) 19 (20.00) 961 (13.79) <0.0001 0.09 0.23
surgery/invasive
procedures

Continuous variables reported as median and interquartile range, categorical ones as frequencies and percentages. Statistically significant com-
parisons are highlighted in bold.

HE hepatic encephalopathy, SBP spontaneous bacterial peritonitis, HRS hepatorenal syndrome, HCC hepatocellular carcinoma, AMI acute myo-
cardial infarction

“Excluding HCC and PVT

b Atrial flutter/fibrillation, valvulopathies, previous VTE events

the no thrombosis group (5.13% p =0.004); similar results
were observed for the few cases of AMI or stroke (VTE
2.10% vs no thrombosis 0.27%; p=0.03).

Infection episodes were recorded in 8.79% of the over-

Risk factors for PVT or VTE in hospitalized cirrhotic
patients and impact on outcome

We finally evaluated the impact of demographic factors and

all cohort; the prevalence was higher in patients with VTE
(22.10%) than in those with PVT (7.85% p=0.0002) or in
those without thrombosis (8.65% p < 0.0001) group.

More than 1000 (14.49%) cirrhotic patients included in
this cohort underwent abdominal surgical operations or any
invasive procedure during hospitalization, 26.43% in the
PVT group, 20.00% in the VTE group and 13.79% in the no
thrombosis group, respectively. The frequency was higher in
the PVT group than in the no thrombosis group (p <0.0001).

@ Springer

comorbid conditions on the risk of thrombotic complica-
tions. The univariate analysis showed that HE, HCC or other
tumors, abdominal surgery/invasive procedures were signifi-
cant for both PVT and VTE (Table 2). Ascites, endoscopic
signs of portal hypertension, and diabetes increased the risk
of PVT, while older age, infections, and cardiovascular com-
plications increased the risk of VTE.

After variable selection, only endoscopic signs of por-
tal hypertension (OR 1.33 [1.02-1.75] p=0.02), HE (OR
13.98 [10.82-18.06] p < 0.0001), HCC (OR 4.59 [3.60-5.84]
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Table 2 Univariate and multivariate logistic regression analyses for the prediction of venous thromboembolism (VTE) and portal vein thrombo-

sis (PVT)
PVT VTE
Univariate Multivariate Univariate Multivariate
OR (95% CI) pvalue OR (95% CI) pvalue  OR (95% CI) pvalue  OR (95% CI) p value
Age 1 (0.99-1.02) 0.17 - - 1.02 (1-1.04) 0.006 1.01 (0.99-1.03) 0.06
LC complications
Ascites 1.49 (1.14-1.95) 0.002 1.25(0.93-1.69) 0.07 1.04 (0.57-1.87) 045 - -
Endoscopic signs  1.87 (1.48-2.37) <0.0001 1.33 (1.02-1.75) 0.02  0.74 (0.40-1.37) 0.171 - -
of portal hyper-
tension
HE 11.17 (8.91- <0.0001 13.98 (10.82— <0.0001 2.71 (1.52-4.82) 0.0003 3.21(1.78-5.79) <0.0001
14.00) 18.06)
Tumors
HCC 3.10 (1.00-2.50) <0.0001 4.59 (3.60-5.84) <0.0001 1.58 (1.00-2.5) 0.02 1.98 (1.23-3.19) 0.002
Other tumors 0.56 (0.35-0.91) 0.009 0.76 (0.45-1.26) 0.14  2.3(1.34-3.98) 0.001 2.48 (1.42-4.32) 0.0007
Infection 0.89 (0.61-1.31) 029 - - 3.00(1.83-4.91) <0.0001 3.01(1.84-5.05) 0.0001
Diabetes 1.67 (1.29-2.16) <0.0001 1.68 (1.27-2.22) 0.0001 1.18 (0.68-2.07) 027 - -
Cardiac or respira-  0.70 (0.40-1.21) 0.10 - - 2.66 (1.44-4.92) 0.0009 2.40 (1.27-4.53) 0.003
tory insufficiency
AMI or stroke 0.96 (1.81-34.27) 048 - - 7.87 (1.81-34.27)  0.003 7.86 (1.76-35.12)  0.003
Abdominal 224 (1.77-2.85) <0.0001 2.03 (1.56-2.64) <0.0001 1.56 (0.94-2.59) 0.04 1.24 (0.74-2.08) 0.20
surgery/invasive
procedures

CI confidence interval, OR odds ratio. Statistically significant comparisons are highlighted in bold.

p <0.0001), diabetes (OR 1.68 [1.27-2.22] p=0.0001)
and abdominal surgery/invasive procedures (OR 2.03
[1.56-2.64] p<0.0001) emerged as independent predic-
tors of PVT in the multivariate model (Table 2). HE (OR
3.21 [1.78-5.79] p<0.0001), HCC (OR 1.98 [1.23-3.19]
p=0.002) or other tumors (OR 2.48 [1.42-4.32] p=0.0007),
and acute illnesses, in particular infections (OR 3.01
[1.84-5.05] p=0.0001), cardiac or respiratory insufficiency
(OR 2.40 [1.27-4.53] p=0.003), AMI or stroke (OR 7.86
[1.76-35.12] p=0.003), were the most significant multivari-
ate risk factors for VTE.

Finally, we tested whether PVT or VTE could be associ-
ated with length of hospital stay or in-hospital mortality.
Although the length of hospitalization was similar among
the patient groups (PVT 13 [6-27] days, VTE 14 [6-26]
days, no thrombosis 14 [7-25] days; p=0.49), we observed a
higher prevalence of death in the group of patients with VTE
than in those with PVT or without thrombosis (2.24% vs
0.26% vs 0.50%, respectively; p=0.06). Among all variables
tested (complications related to portal hypertension, HCC or
other tumors, abdominal surgery/invasive procedures, dia-
betes, infections, acute illnesses, age) VTE resulted the only
independent predictor of mortality (OR 4.45 [1.05-18.81]
p=0.042).

Discussion

The occurrence of PVT and extra-splanchnic thromboem-
bolic complications is insidious and a risk stratification for
these severe complications is difficult in patients with liver
cirrhosis.

To our knowledge, this is one of the larger retrospective
studies in cirrhotic patients, and the only one assessing the
prevalence and risk factors for both PVT and VTE in this
setting. We found a prevalence of PVT of 5.13% and of VTE
of 1.27%, similar to what has already been reported in the
literature.

We observed a higher risk of PVT in cirrhotic patients
with HE and endoscopic signs of portal hypertension.
Coagulation imbalance and local haemodynamic altera-
tions secondary to a “steal effect” through portosystemic
collaterals could explain this association. Indeed, slow portal
flow velocity, low platelet count, a past history of variceal
bleeding or severe portal hypertension, have been recog-
nized as risk factors for PVT [2, 16, 17]. On the contrary,
acute variceal bleeding was more frequent in patients with-
out thrombosis, confirming its controversial association with
chronic PVT. Overall, these findings suggest that PVT arises
in the setting of advanced liver impairment, in contrast to
VTE, as previously reported [9, 16, 18, 19].

@ Springer
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Interestingly, we found that HE was also an independent
predictor of VTE. This could be explained by the effect of a
concomitant acute comorbidity, acting as precipitating fac-
tor, or by determining prolonged bed rest.

We also confirmed previous evidence that neoplastic dis-
ease increases the risk of venous thrombotic complications
in cirrhotic patients.

HCC was clearly associated with the risk of PVT and
VTE in our study; its thrombotic potential seems to be
multifactorial, as HCC can change the haemostatic balance
towards a prothrombotic status, and locoregional treatments
may predispose to PVT development [20-23]. We observed
a HCC prevalence of 42.40% among cirrhotic patients with
PVT, and of 27.36% among those with VTE. Overall, we
found a PVT prevalence of 10.63% and a VTE prevalence of
1.70% among more than 1500 cirrhotic patients with HCC
included in our cohort. This was in line with previously pub-
lished data [7]; however, the present one represents the larg-
est series including only cirrhotic patients with HCC, con-
sidering that the previous studies did not distinguish between
patients with liver cirrhosis or those with chronic hepatitis
[19, 24, 25]. Although it may be argued that the association
between abdominal surgery/invasive procedures and PVT
could be attributed to the concomitant presence of HCC,
indeed, it was true only in 31.70% of patients. Therefore, as
confirmed by the multivariate analysis, abdominal surgery
or invasive procedures are independent predictors of PVT
even in cirrhotic patients without HCC.

As regards non-HCC tumors, they seem to be associated
with the presence of VTE, but not with PVT. This probably
highlights the importance of local hemostatic imbalance in
the pathogenesis of PVT.

In our cohort, patients with VTE were older and had more
cardiovascular comorbidities and infections than controls,
although age was not confirmed as a significant predictor in
the multivariate model. Increasing age, comorbidities and
acute illnesses are well-recognized a risk factors for VTE in
both cirrhotic and non-cirrhotic hospitalized patients[9, 26,
27]; systemic inflammation as well as prolonged immobi-
lization could act as prothrombotic triggers in these condi-
tions. Our data are in agreement with those from a recent ret-
rospective cohort of 623 patients with chronic liver disease
admitted to intensive care unit, which reported that HCC
and sepsis are associated with the occurrence of VTE>48 h
post admission [28].

Interestingly, diabetes mellitus was associated with
increased risk of PVT but not of VTE in our cohort. Dia-
betes and cirrhosis related to non-alcoholic steatohepatitis
(NASH) have been reported as independent predictors of
PVT [23, 29]. It has been postulated that persistent injury
from chronic inflammation in this setting could lead to
endothelial cells activation, lipid-derived oxidative injury,
necroapoptosis and, ultimately, prothrombotic derangements
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[30, 31]. It should also be remarked that despite age and
comorbidities are generally associated with VTE develop-
ment, and have been included in several risk assessment
models [15, 32], their role in advanced liver disease has yet
to be elucidated. Indeed, routine scoring systems are not
applicable to cirrhotic patients, as they have been excluded
from studies assessing the overall risk of VTE in the gen-
eral population due to altered coagulation tests and platelet
count, that are erroneously perceived as signs of increased
bleeding tendency.

Finally, we found a high risk of in-hospital mortality in
patients with VTE. Although this result may be affected by
the retrospective nature of the study, the consequences of
VTE, particularly pulmonary embolism, may explain this
outcome.

Even if this is the largest available study reporting the
joint prevalence and the risk factors for PVT and VTE in
hospitalized cirrhotic patients, it presents several limitations.
The use of electronic records can be subjected to misclas-
sification errors. In support of the validity of our study, it
is worth mentioning that ICD-9 codes have demonstrated
a high accuracy for the identification of cirrhosis [33],
HCC [34] and VTE [35, 36]. To reduce coding errors, we
included only VTE cases listed as primary and secondary
discharge diagnoses, most likely representing acute events,
and excluded cases of superficial venous thrombosis and
catheter-related venous thrombosis.

Use of administrative records is also subject to bias
related to missing information. In particular, the lack of
laboratory data precluded liver disease severity estimation,
which, however, was deduced from the presence of signs of
liver decompensation, and the evaluation of some other risk
factors for VTE (e.g. reduced mobility, prothrombotic inher-
ited conditions, obesity, ongoing hormonal treatment). Fur-
thermore, the retrospective nature of the study did not allow
identification of data regarding the therapy administered,
and particularly which patients might have been anticoagu-
lated or might have received mechanical thromboprophylaxis
during hospitalization. Conversely, patients with liver cir-
rhosis are usually less subjected to anticoagulant therapy
even if bedridden, because they are mistakenly considered to
be at greater risk of bleeding [37]; this may be a confounding
factor that we could not evaluate in this analysis, and which
may have led to an increased prevalence of VTE. Finally,
our results derive from a population of hospitalized cirrhotic
patients, so there may be other risk factors to consider in the
outpatient setting.

In conclusion, despite concerns related to acquired
increased risk of bleeding, the prevalence of thrombotic
events in the setting of liver cirrhosis is not negligible and
deserves targeted interventions. Hospitalized patients with
HE, portal hypertension, HCC, and diabetes or who are
subjected to abdominal surgery/invasive procedures are at
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increased risk of developing PVT. Elderly cirrhotic patients,
those with HE, HCC or other tumors, or acute illnesses show
a significant risk of VTE and should receive attention during
hospitalization. Future large prospective studies are needed
to confirm these results, and to establish whether the popu-
lation of hospitalized cirrhotic patients could benefit from
appropriate thromboprophylaxis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-022-02928-8.

Authors’ contributions FRP developed the concept and designed the
study; FRP, MAZ, MP, AG supervised the study; FRP and MF col-
lected and analyzed data; FRP, MF, FS, MAZ, MP wrote the manu-
script. All investigators participated to data interpretation and contrib-
uted to the revision of the final version of the manuscript.

Funding None.

Declarations

Conflict of interest The authors declare that they have no competing
interests.

Ethical approval All procedures performed in this study were in
accordance with the ethical standards of the institutional research com-
mittee (approval ID 3394) and with the 1964 Helsinki declaration and
its later amendments.

Informed consent For this retrospective study, formal consent was not
required.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Tripodi A, Mannucci PM (2011) The coagulopathy of chronic
liver disease. N Engl J Med 365:147-156. https://doi.org/10.1056/
NEJMral011170

2. Zocco MA, Di Stasio E, De Cristofaro R et al (2009) Thrombotic
risk factors in patients with liver cirrhosis: correlation with MELD
scoring system and portal vein thrombosis development. J Hepatol
51:682-689. https://doi.org/10.1016/j.jhep.2009.03.013

3. Ponziani FR, Zocco MA, Senzolo M et al (2014) Portal vein
thrombosis and liver transplantation: implications for waiting list
period, surgical approach, early and late follow-up. Transplant Rev
(Orlando) 28:92-101. https://doi.org/10.1016/j.trre.2014.01.003

4. Faccia M, Ainora ME, Ponziani FR et al (2019) Portal vein throm-
bosis in cirrhosis: Why a well-known complication is still matter

10.

11.

12.

13.

14.

15.

16.

17.

19.

of debate. World J Gastroenterol 25:4437—4451. https://doi.org/
10.3748/wjg.v25.i131.4437

Ponziani FR, Zocco MA, Campanale C et al (2010) Portal vein
thrombosis: insight into physiopathology, diagnosis, and treat-
ment. World J Gastroenterol 16:143—155. https://doi.org/10.3748/
wjg.v16.i2.143

Bogari H, Patanwala AE, Cosgrove R, Katz M (2014) Risk-assess-
ment and pharmacological prophylaxis of venous thromboembo-
lism in hospitalized patients with chronic liver disease. Thromb
Res 134:1220-1223. https://doi.org/10.1016/j.thromres.2014.09.
031

Zanetto A, Campello E, Spiezia L et al (2018) Cancer-associated
thrombosis in cirrhotic patients with hepatocellular carcinoma.
Cancers (Basel) 10:E450. https://doi.org/10.3390/cancers101
10450

Sggaard KK, Horvath-Puh6 E, Montomoli J et al (2015) Cirrho-
sis is associated with an increased 30-day mortality after venous
thromboembolism. Clin Transl Gastroenterol 6:¢97. https://doi.
org/10.1038/ctg.2015.27

Liver cirrhosis is associated with venous thromboembolism
among hospitalized patients in a nationwide US study—Pub-
Med. https://pubmed.ncbi.nlm.nih.gov/20566312/. Accessed 8
Sept 2021

Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new
method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis 40:373-383.
https://doi.org/10.1016/0021-9681(87)90171-8

Luca A, Caruso S, Milazzo M et al (2012) Natural course of extra-
hepatic nonmalignant partial portal vein thrombosis in patients
with cirrhosis. Radiology 265:124—132. https://doi.org/10.1148/
radiol. 12112236

Zanetto A, Rodriguez-Kastro K-I, Germani G et al (2018) Mortal-
ity in liver transplant recipients with portal vein thrombosis—an
updated meta-analysis. Transpl Int 31:1318-1329. https://doi.org/
10.1111/tri.13353

Senzolo M, Garcia-Tsao G, Garcia-Pagan JC (2021) Current
knowledge and management of portal vein thrombosis in cirrho-
sis. J Hepatol 75:442-453. https://doi.org/10.1016/j.jhep.2021.04.
029

Grosso G, di Francesco F, Vizzini G et al (2012) The Charlson
comorbidity index as a predictor of outcomes in liver transplan-
tation: single-center experience. Transplant Proc 44:1298-1302.
https://doi.org/10.1016/j.transproceed.2012.01.131

Barbar S, Noventa F, Rossetto V et al (2010) A risk assessment
model for the identification of hospitalized medical patients at
risk for venous thromboembolism: the Padua Prediction Score. J
Thromb Haemost 8:2450-2457. https://doi.org/10.1111/j.1538-
7836.2010.04044.x

Francoz C, Belghiti J, Vilgrain V et al (2005) Splanchnic vein
thrombosis in candidates for liver transplantation: usefulness of
screening and anticoagulation. Gut 54:691-697. https://doi.org/
10.1136/gut.2004.042796

Politoske D, Ralls P, Korula J (1996) Portal vein thrombosis fol-
lowing endoscopic variceal sclerotherapy. Prospective controlled
comparison in patients with cirrhosis. Dig Dis Sci 41:185-190.
https://doi.org/10.1007/BF02208603

. Ali M, Ananthakrishnan AN, McGinley EL, Saeian K (2011)

Deep vein thrombosis and pulmonary embolism in hospital-
ized patients with cirrhosis: a nationwide analysis. Dig Dis Sci
56:2152-2159. https://doi.org/10.1007/s10620-011-1582-5
Levitan N, Dowlati A, Remick SC et al (1999) Rates of initial
and recurrent thromboembolic disease among patients with malig-
nancy versus those without malignancy. Risk analysis using Medi-
care claims data. Medicine (Baltimore) 78:285-291. https://doi.
org/10.1097/00005792-199909000-00001

@ Springer


https://doi.org/10.1007/s11739-022-02928-8
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMra1011170
https://doi.org/10.1056/NEJMra1011170
https://doi.org/10.1016/j.jhep.2009.03.013
https://doi.org/10.1016/j.trre.2014.01.003
https://doi.org/10.3748/wjg.v25.i31.4437
https://doi.org/10.3748/wjg.v25.i31.4437
https://doi.org/10.3748/wjg.v16.i2.143
https://doi.org/10.3748/wjg.v16.i2.143
https://doi.org/10.1016/j.thromres.2014.09.031
https://doi.org/10.1016/j.thromres.2014.09.031
https://doi.org/10.3390/cancers10110450
https://doi.org/10.3390/cancers10110450
https://doi.org/10.1038/ctg.2015.27
https://doi.org/10.1038/ctg.2015.27
https://pubmed.ncbi.nlm.nih.gov/20566312/
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1148/radiol.12112236
https://doi.org/10.1148/radiol.12112236
https://doi.org/10.1111/tri.13353
https://doi.org/10.1111/tri.13353
https://doi.org/10.1016/j.jhep.2021.04.029
https://doi.org/10.1016/j.jhep.2021.04.029
https://doi.org/10.1016/j.transproceed.2012.01.131
https://doi.org/10.1111/j.1538-7836.2010.04044.x
https://doi.org/10.1111/j.1538-7836.2010.04044.x
https://doi.org/10.1136/gut.2004.042796
https://doi.org/10.1136/gut.2004.042796
https://doi.org/10.1007/BF02208603
https://doi.org/10.1007/s10620-011-1582-5
https://doi.org/10.1097/00005792-199909000-00001
https://doi.org/10.1097/00005792-199909000-00001

1334

Internal and Emergency Medicine (2022) 17:1327-1334

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Zanetto A, Senzolo M, Vitale A et al (2017) Thromboelastometry
hypercoagulable profiles and portal vein thrombosis in cirrhotic
patients with hepatocellular carcinoma. Dig Liver Dis 49:440—
445. https://doi.org/10.1016/5.d1d.2016.12.019

Ravaioli M, Zanello M, Grazi GL et al (2011) Portal vein throm-
bosis and liver transplantation: evolution during 10 years of
experience at the University of Bologna. Ann Surg 253:378-384.
https://doi.org/10.1097/SLA.0b013e318206818b

Davidson BR, Gibson M, Dick R et al (1994) Incidence, risk fac-
tors, management, and outcome of portal vein abnormalities at
orthotopic liver transplantation. Transplantation 57:1174-1177.
https://doi.org/10.1097/00007890-199404270-00006

Stine JG, Shah NL, Argo CK et al (2015) Increased risk of portal
vein thrombosis in patients with cirrhosis due to nonalcoholic
steatohepatitis. Liver Transpl 21:1016-1021. https://doi.org/10.
1002/1t.24134

Wun T, White RH (2009) Venous thromboembolism (VTE) in
patients with cancer: epidemiology and risk factors. Cancer Inves-
tig 27(Suppl 1):63-74. https://doi.org/10.1080/073579008026566
81

Cronin-Fenton DP, Sgndergaard F, Pedersen LA et al (2010) Hos-
pitalisation for venous thromboembolism in cancer patients and
the general population: a population-based cohort study in Den-
mark, 1997-2006. Br J Cancer 103:947-953. https://doi.org/10.
1038/sj.bjc.6605883

Khan F, Tritschler T, Kahn SR, Rodger MA (2021) Venous throm-
boembolism. Lancet 398:64—77. https://doi.org/10.1016/S0140-
6736(20)32658-1

Ageno W, Di Minno MND, Ay C et al (2014) Association between
the metabolic syndrome, its individual components, and unpro-
voked venous thromboembolism: results of a patient-level meta-
analysis. Arterioscler Thromb Vasc Biol 34:2478-2485. https://
doi.org/10.1161/ATVBAHA.114.304085

Ow T-W, Fatourou E, Rabinowich L et al (2021) Prevalence of
bleeding and thrombosis in critically ill patients with chronic liver
disease. Thromb Haemost. https://doi.org/10.1055/a-1667-7293
Tripodi A, Fracanzani AL, Primignani M et al (2014) Procoagu-
lant imbalance in patients with non-alcoholic fatty liver disease.
J Hepatol 61:148-154. https://doi.org/10.1016/j.jhep.2014.03.013
Verrijken A, Francque S, Mertens I et al (2014) Prothrombotic
factors in histologically proven nonalcoholic fatty liver disease

@ Springer

31.

32.

33.

34.

35.

36.

37.

and nonalcoholic steatohepatitis. Hepatology 59:121-129. https://
doi.org/10.1002/hep.26510

Ponziani FR, Zocco MA, Tortora A et al (2011) Anticoagulants in
cirrhotic patients: controversies and certainties in PVT manage-
ment. Cardiovasc Hematol Agents Med Chem 9:183-189. https://
doi.org/10.2174/187152511797037448

Moorehead KJ, Jeffres MN, Mueller SW (2017) A retrospective
cohort analysis of pharmacologic VTE prophylaxis and padua
prediction score in hospitalized patients with chronic liver disease.
J Pharm Pract 30:58-63. https://doi.org/10.1177/0897190015
611570

Kramer JR, Davila JA, Miller ED et al (2008) The validity of viral
hepatitis and chronic liver disease diagnoses in veterans affairs
administrative databases. Aliment Pharmacol Ther 27:274-282.
https://doi.org/10.1111/§.1365-2036.2007.03572.x

Omino R, Mittal S, Kramer JR et al (2017) The validity of HCC
diagnosis codes in chronic hepatitis B patients in the Veterans
Health Administration. Dig Dis Sci 62:1180-1185. https://doi.
org/10.1007/s10620-017-4503-4

White RH, Garcia M, Sadeghi B et al (2010) Evaluation of the pre-
dictive value of ICD-9-CM coded administrative data for venous
thromboembolism in the United States. Thromb Res 126:61-67.
https://doi.org/10.1016/j.thromres.2010.03.009

Ammann EM, Cuker A, Carnahan RM et al (2018) Chart valida-
tion of inpatient International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) administrative diag-
nosis codes for venous thromboembolism (VTE) among intrave-
nous immune globulin (IGIV) users in the Sentinel Distributed
Database. Medicine (Baltimore) 97:¢9960. https://doi.org/10.
1097/MD.0000000000009960

Turco L, de Raucourt E, Valla D-C, Villa E (2019) Anticoagula-
tion in the cirrhotic patient. JHEP Rep 1:227-239. https://doi.org/
10.1016/j.jhepr.2019.02.006

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.dld.2016.12.019
https://doi.org/10.1097/SLA.0b013e318206818b
https://doi.org/10.1097/00007890-199404270-00006
https://doi.org/10.1002/lt.24134
https://doi.org/10.1002/lt.24134
https://doi.org/10.1080/07357900802656681
https://doi.org/10.1080/07357900802656681
https://doi.org/10.1038/sj.bjc.6605883
https://doi.org/10.1038/sj.bjc.6605883
https://doi.org/10.1016/S0140-6736(20)32658-1
https://doi.org/10.1016/S0140-6736(20)32658-1
https://doi.org/10.1161/ATVBAHA.114.304085
https://doi.org/10.1161/ATVBAHA.114.304085
https://doi.org/10.1055/a-1667-7293
https://doi.org/10.1016/j.jhep.2014.03.013
https://doi.org/10.1002/hep.26510
https://doi.org/10.1002/hep.26510
https://doi.org/10.2174/187152511797037448
https://doi.org/10.2174/187152511797037448
https://doi.org/10.1177/0897190015611570
https://doi.org/10.1177/0897190015611570
https://doi.org/10.1111/j.1365-2036.2007.03572.x
https://doi.org/10.1007/s10620-017-4503-4
https://doi.org/10.1007/s10620-017-4503-4
https://doi.org/10.1016/j.thromres.2010.03.009
https://doi.org/10.1097/MD.0000000000009960
https://doi.org/10.1097/MD.0000000000009960
https://doi.org/10.1016/j.jhepr.2019.02.006
https://doi.org/10.1016/j.jhepr.2019.02.006

	Risk factors for portal vein thrombosis or venous thromboembolism in a large cohort of hospitalized cirrhotic patients
	Abstract
	Background 
	Objectives 
	Patientsmethods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Statistical analysis

	Results
	Prevalence of liver cirrhosis complications in patients with PVT or VTE
	Prevalence of neoplastic disease in hospitalized cirrhotic patients with PVT or VTE
	Association between PVT or VTE and comorbidities, surgical operations or invasive procedures
	Risk factors for PVT or VTE in hospitalized cirrhotic patients and impact on outcome

	Discussion
	References




