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Abstract
Background. Portal vein thrombosis (PVT) in patients with liver cirrhosis is a common complication associated with adverse outcomes.
The aim of the study was to build a predictive model for PVT in cirrhotic patients.
Materials and methods. A single centre case-control study was carried out. From the database of 1512 cirrhotic patients 94 with newly di-
agnosed PVT based on contrast-enhanced computed tomography were referred to the Case group. Malignant PVT was an exclusion crite-
rion. Patients without PVT were stratified and matched according to sex, age and etiology of cirrhosis; case-control ratio was 1 : 3-4. The
prevalence of PVT in the database, clinical, laboratory, instrumental parameters of the groups were evaluated. Logistic regression model
was used to estimate association between variables and PVT.
Results. The overall prevalence of PVT was 6.2% with the highest rates among the patients with HBV infection – 16.7%, nonalcoholic
steatohepatitis – 15.6%, alcohol abuse in combination with HCV infection – 11.7%. The best predictive model included variables: Child-
Pugh classes B-C (coefficient of regression b=1.853, ð=0.001), ascites (b=0.460, ð=0.003), hepatocellular carcinoma without vascular in-
vasion (b=2.126, ð=0.0001), endoscopic band ligation (b=0.774, ð=0.003), transabdominal esophagogastric devascularization procedure
(b=2.734, ð=0.001), portal hypertensive gastropathy (b=0.793, ð=0.017), portal vein diameter (b=0.203, ð=0.004), and local factors – ul-
cerative colitis flare, Clostridium difficile enterocolitis, spontaneous bacterial peritonitis, colorectal cancer, splenectomy, cholecystectomy
(b=2.075, ð=0.017). The model had accuracy 85.8% (95% CI 81.7-89.4%), sensitivity – 55.1% (95% CI 43.4-66.4%), specificity – 95%
(95% CI 91.6-97.3%), and AUC – 0.871 (95% CI 0.826-0.916).
Conclusion. Child-Pugh classes B-C, severe portal hypertension, hepatocellular carcinoma without vascular invasion, and local factors
were estimated as risk factors of PVT in cirrhotic patients.
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Ðåçþìå
Òðîìáîç âîðîòíîé âåíû (ÒÂÂ) ó áîëüíûõ öèððîçîì ïå÷åíè (ÖÏ) – ÷àñòîå îñëîæíåíèå, àññîöèèðîâàííîå ñ ðàçâèòèåì íåáëàãîïðè-
ÿòíûõ èñõîäîâ.
Öåëü èññëåäîâàíèÿ – ïîñòðîèòü ïðåäèêòèâíóþ ìîäåëü ÒÂÂ ó áîëüíûõ ÖÏ.
Ìàòåðèàëû è ìåòîäû. Ïðîâåäåíî îäíîöåíòðîâîå èññëåäîâàíèå ñëó÷àé-êîíòðîëü. Èç áàçû äàííûõ 1512 áîëüíûõ ÖÏ â ãðóïïó «Ñëó-
÷àé» âêëþ÷åíî 94 ïàöèåíòà ñ âïåðâûå äèàãíîñòèðîâàííûì ÒÂÂ íà îñíîâàíèè äàííûõ ìóëüòèñïèðàëüíîé êîìïüþòåðíîé òîìîãðà-
ôèè ñ êîíòðàñòíûì óñèëåíèåì. Êðèòåðèé èñêëþ÷åíèÿ – îïóõîëåâûé ÒÂÂ. Ãðóïïà «Êîíòðîëü» ïîäîáðàíà èç áîëüíûõ áåç ÒÂÂ ìåòî-
äîì ñòðàòèôèöèðîâàííîé ðàíäîìèçàöèè ïî ïîëó, âîçðàñòó è ýòèîëîãèè ÖÏ; îòíîøåíèå ñëó÷àé-êîíòðîëü ñîñòàâèëî 1 : 3–4. Îöåíå-
íà ÷àñòîòà ÒÂÂ â îáùåé áàçå äàííûõ, êëèíè÷åñêèå, ëàáîðàòîðíûå è èíñòðóìåíòàëüíûå ïàðàìåòðû â ãðóïïàõ. Äëÿ îöåíêè àññîöèà-
öèè ìåæäó ïåðåìåííûìè è ÒÂÂ èñïîëüçîâàëàñü ìîäåëü ëîãèñòè÷åñêîé ðåãðåññèè.
Ðåçóëüòàòû è îáñóæäåíèå. Îáùàÿ ÷àñòîòà ÒÂÂ ñîñòàâèëà 6,2%, ñ íàèáîëüøèìè çíà÷åíèÿìè ñðåäè ïàöèåíòîâ ñ HBV-èíôåêöèåé –
16,7%, íåàëêîãîëüíûì ñòåàòîãåïàòèòîì – 15,6%, çëîóïîòðåáëåíèåì àëêîãîëåì â ñî÷åòàíèè ñ HCV èíôåêöèåé – 11,7%. Ëó÷øàÿ ïðå-
äèêòèâíàÿ ìîäåëü âêëþ÷àëà â ñåáÿ ñëåäóþùèå ïåðåìåííûå: Child-Pugh êëàññîâ B–C (êîýôôèöèåíò ðåãðåññèè b=1,853, ð=0,001),
àñöèò (b=0,460, ð=0,003), íå èíâàçèðóþùèé ñîñóäû ãåïàòîöåëëþëÿðíûé ðàê (b=2,126, ð=0,0001), ýíäîñêîïè÷åñêîå ëèãèðîâàíèå
(b=0,774, ð=0,003), àçèãîïîðòàëüíîå ðàçîáùåíèå (b=2,734, ð=0,001), ïîðòàëüíóþ ãèïåðòåíçèîííóþ ãàñòðîïàòèþ (b=0,793,
ð=0,017), äèàìåòð âîðîòíîé âåíû (b=0,203, ð=0,004), ëîêàëüíûå ôàêòîðû – îáîñòðåíèå íåñïåöèôè÷åñêîãî ÿçâåííîãî êîëèòà, ýíòå-
ðîêîëèò, âûçâàííûé Clostridium difficile, ñïîíòàííûé áàêòåðèàëüíûé ïåðèòîíèò, êîëîðåêòàëüíûé ðàê, ñïëåíýêòîìèþ, õîëåöèñòýêòî-
ìèþ (b=2,075, ð=0,017). Òî÷íîñòü ìîäåëè ñîñòàâèëà 85,8% (95% ÄÈ 81,7–89,4%), ÷óâñòâèòåëüíîñòü – 55,1% (95% ÄÈ 43,4–66,4%),
ñïåöèôè÷íîñòü – 95% (95% ÄÈ 91,6–97,3%), ïëîùàäü ïîä êðèâîé – 0,871 (95% ÄÈ 0,826–0,916).
Çàêëþ÷åíèå. Òÿæåñòü ÖÏ êëàññîâ Â–Ñ ïî Child-Ðugh, âûðàæåííàÿ ïîðòàëüíàÿ ãèïåðòåíçèÿ, ãåïàòîöåëëþëÿðíûé ðàê, íå èíâàçèðóþ-
ùèé ñîñóäû, è ëîêàëüíûå ôàêòîðû óñòàíîâëåíû êàê ïðåäèêòîðû ÒÂÂ ó áîëüíûõ ÖÏ. 
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Portal vein thrombosis (PVT) was first diagnosed by eminent
Russian physician Botkin S.P. in 1862 [1]. After six years, two
Scottish physicians, Balfour G.W. and Stewart T.G., described the
cavernous transformation of the portal vein as a result of PVT [2].

PVT is an unusual site thrombosis with low incidence and
prevalence rates in the general population, estimated to be 0.7
and 3.7 per 100,000 persons, respectively [3]. However, the
frequency of PVT is substantially higher in patients with cir-
rhosis, varied between 0.6 and 26%, according to the evalua-
tion test and patient population [4]. 

The main pathogenic factors of PVT in cirrhosis are portal
hypertension and the decreased portal flow resulting from
structural liver damage. A procoagulant imbalance may also
play a role due to reduced synthesis of natural inhibitors of co-
agulation such as protein C, protein S, and antithrombin III lev-
els combined with normal or increased levels of factor VIII [5]. 

PVT in cirrhosis is associated with higher mortality rate,
increased risk of acute renal failure and hepatorenal syndrome,
bowel ischemia due to extension of thrombosis to the superior
mesenteric vein, greater operative technical difficulties during
liver transplantation, and worse liver transplantation outcomes
[6-8]. Baveno VI Consensus Workshop determined identifica-
tion of risk factors for PVT in cirrhosis to be of key importance
in research the agenda [9]. 

The well-known risk factors of PVT are severe cirrhosis
according to the Child-Pugh score and portal flow velocity
<15 cm/sec. The role of cirrhosis etiology, inherited throm-
bophilia, clinical features of portal hypertension, treated
varices, and comorbidities in PVT development remains con-
troversial [10-12]. 

In the case-control study, we aimed to build a predictive
model for the risk of PVT in cirrhotic patients.

Materials and methods
The study was approved by the local Ethical Committee

(15.05.2013, ref: 05-13). 

Database
To conduct the study, an electronic database was created. It

was based on the available primary medical documentation

and consisted of clinical data and laboratory/instrumental of
patients with liver cirrhosis over 18 years of age. The disease
was confirmed by standard diagnostic criteria. All patients
were admitted to Clinic of Internal Propedeutics, Gastroen-
terology, and Hepatology from January 1, 2006 to December
31, 2015. The database contained of 1512 cirrhotic patients of
different etiology; the mean follow-up was 15 months.

Case and Control Selection
We evaluated all patients in the database to determine the

presence or absence of PVT (Fig 1). 
The Case group comprised of patients with newly diag-

nosed PVT confirmed by contrast-enhanced computed tomog-
raphy (CT) scan.

PVT was defined as a thrombus of the portal vein trunk
and/or lobar branches or cavernous transformation of the portal
vein [13]. Four patients with portal vein invasion from hepato-
cellular carcinoma (HCC) were excluded. A total of 94 patients
found to be eligible for inclusion in the Case group, 52 males
and 42 females, aged 28 to 80 years. The most common causes
of cirrhosis were chronic infection with viral hepatitis and/or
alcohol consumption (77%), followed by autoimmune hepati-
tis and non-alcoholic steatohepatitis (NASH) – 11%. 

We confirmed the absence of the thrombus based on the
doppler ultrasound data, CT, and magnetic resonance (MR)
imaging in the other 1414 patients. Cases with PVT were
matched 1:3-4 by sex, age and etiology of liver disease using
stratified randomly sampling to the corresponding Controls
with cirrhosis but no PVT.

Analyzed data
We evaluated the general frequency of PVT as well as the

frequency according to the etiology of cirrhosis (the last was
calculated as the ratio of the number of cirrhotic patients of
certain etiology with PVT to the number of all cirrhotic pa-
tients of this etiology). Cases were compared to Controls for
the onset and progression of portal hypertension, severity of
cirrhosis, laboratory values, imaging, and presence of comor-
bidities or local factors. Analyzed laboratory and imaging data
preceded the PVT onset by 3 [1; 4] months, on average.

The grade of ascites and the presence of dilutional hy-
ponatremia were defined according to the International As-
cites Club (IAC) criteria, European Association for the Study
of the Liver criteria, and Russian Scientific Liver Society
guidelines [14, 15]. Hepatic encephalopathy was diagnosed
and graded clinically according to the West Haven criteria.
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NLR – neutrophil-to-lymphocyte ratio 
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Child-Pugh, MELD, and MELD-Na scores were used to as-
sess the severity of liver disease. The size of esophageal and
gastric varices (EV and GV) was classified according to the
Guidelines on the Management of Variceal Hemorrhage of the
Russian Society of Surgeons (Grade 1, 2-3mm, Grade 2, 4-5
mm, Grade 3, >5mm) [16]. The portal vein diameter and the
spleen length were measured via Doppler ultrasound. Liver
stiffness (LS) measurement was performed by transient elas-
tography using FibroScan (Echosens, Paris, France). HCC
without portal vein trunk and branches invasion was diag-
nosed by contrast-enhanced CT or MR imaging; the tumor
size was more than 2 cm with typical vascularization patterns
in all patients.  

Statistical analysis
A two steps sequential analysis was performed. In the first

step, a univariable analysis was carried out to compare Cases to
Controls for all available data. The normality of the distribution
was tested using Kolmogorov-Smirnov, Shapiro–Wilk, and
Cramer–von Mises tests. The distribution of most of the vari-
ables was significantly different from the normal distribution.

Descriptive statistics were calculated, including median
with interquartile range [25th-75th percentile] or mean with
standard deviation. Categorical variables were expressed as
counts and percentages. The percentage of missing values was
also calculated in each group as a ratio of patients with missing
values to the overall number of patients in the group. Compar-
isons between groups were made by Mann–Whitney U-test
and independent t-test. For categorical variables, chi-square
test and Fisher’s exact test were used. From the two-way ta-
bles, Odds Ratios (OR) and corresponding 95% confidence in-
tervals (95% CI) were calculated. The level of significance was
set at p<0.05.

In the second step, the logistic regression model was built
to assess a statistical relationship between the outcome (PVT)
and continuous and categorical variables [17]. All the vari-
ables significant in the univariable analysis were entered into
a logistic regression with a forward and backward elimination
procedure; only variables with less than 20% missing data in
each group were imputed. This analysis aimed to determine
combinations of categorical and continuous variables that best
discriminate between Cases and Controls. The diagnostic per-
formance of the logistic regression equations was measured

by the coefficients (β values), accuracy, sensitivity, and speci-
ficity. 

Thus, we selected a total of ten equations with the highest
accuracy out of 40. Receiver operating curve (ROC) analysis
was employed, and the area under the curve (AUC) was calcu-
lated to evaluate the predictive model specificity and sensitivi-
ty; the comparison of AUCs was based on Delong's method.
Statistical analysis and graphic design were done using the sta-
tistical packages such as Microsoft Excel 2016 (Microsoft Cor-
poration, Redmond, WA, USA), Statistica v.10.0 (StatSoft Inc.,
Tulsa, USA), IBM SPSS v.22.0 (IBM-SPSS, Chicago, Illinois,
USA)), and MedCalc v.16.8.4 (MedCalc Software Inc., Broek-
straat, Belgium).

RESULTS
Prevalence of PVT. The overall prevalence of PVT was

6.2%, greatly varying according to the underlying liver dis-
ease; a higher rate was seen in patients with chronic infection
hepatitis B virus (16.7%) and NASH (15.6%) while alcoholic
liver disease with or without hepatitis C virus (7.8%), hepatitis
C virus (6.7%), autoimmune hepatitis (5.1%), primary biliary
cholangitis (2%), overlap syndrome (1.1%), and cryptogenic
cirrhosis (0.8%) were less frequent (Fig. 2).   

Comparison between the groups 
Onset and progression of portal hypertension. EV was the

first clinical presentation of portal hypertension in 68–74% of
patients in both groups, increasing by 14% during observation.
Ascites and variceal hemorrhage as the initial presentations of
portal hypertension were significantly more often reported in
the Case group (Table 1). 

The portal hypertension duration was almost two times
longer in Case group. In both groups, the number of patients
with a history of variceal hemorrhage increased slightly between
portal hypertension onset and inclusion in the study. The OR for
the history of variceal hemorrhage was 1.9 [95% CI, 1.1–3.4;
Fig. 3); rebleeding rates did not differ between groups. 

The rates of prophylaxis and treatment of variceal bleeding
with endoscopic variceal ligation (EVL) or transabdominal
esophagogastric devascularization procedure, were three times
higher in PVT patients (Table 1) being much higher for EVL
than devascularization procedure (Fig. 3).

Repeated EVL to variceal eradication was more often re-
quired in the Case group. Previous sclerotherapy and surgical
shunts had similar prevalence in the PVT and non-PVT
groups; both procedures were rarely performed.

The proportion of patients with refractory ascites, grade 3
EV, presence of GV and portal hypertensive gastropathy (PHG)
was greater in the Case group. The medians of the other portal
hypertension features, such as portal vein diameter and spleen
length, were also significantly higher in PVT patients (Table 1).

The severity of cirrhosis. Cases had a poorer prognosis of
cirrhosis than Controls: most patients with PVT were classified
as Child-Pugh B-C and had significantly higher MELD and
MELD-Na scores (Table 1). The OR for Child-Pugh B-C was
7.2 [95%, CI 3.3– 14.9] (Fig. 3). There were no significant dif-
ferences regarding the presence and stage of hepatic en-
cephalopathy in Cases and Controls. 

Laboratory and imaging variables. Red blood cell count
(3.73±0.06 million cells per mcL in Cases vs. 3.96±0.04 mil-
lion cells per mcL in Controls), absolute lymphocyte count,
and hemoglobin level were lower in the Case group. Leucocyte
and platelet counts did not differ between groups, while the
neutrophil-to-lymphocyte ratio (NLR) was significantly higher
in PVT patients (Table 1).
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Figure 1. Flowchart of the patient enrollment process 
of study.



There were no significant differences in alanine amino-
transferase, aspartate aminotransferase, γ-glutamyl transpepti-
dase, and total bilirubin. PVT patients had lower albumin and
cholinesterase (2665 [1759; 4404] U/L vs. 4075 [2820; 5942]
U/L, reference ranges 5860 - 11800 U/L) levels, reflecting im-
paired liver function; although, only half of the patients in both
groups had known cholinesterase levels.

Activated Partial Thromboplastin Time (APTT) and fib-
rinogen values were in reference ranges and did not differ be-
tween groups. PVT was associated with an elevated interna-
tional normalized ratio (INR) (Table 1). 

The D-dimer level was analyzed in 17 PVT patients: 12 pa-
tients exceeded the upper limit of the normal by 2–15 times. In
the Control group, D-dimer was measured in four patients
found to be increased in all of them by 1.5–2 times.

Levels of total protein, glucose, urea, potassium, lipids,
Immunoglobulins A, M, and G, as well as the distribution of
the ABO and Rh blood group, were similar between the Cases
and the Controls.

Creatinine levels did not differentiate between the two
groups. The sodium level was significantly lower in PVT pa-
tients (Table 1). PVT trended to associate with dilutional hy-
ponatremia (р=0.062). C-reactive protein was observed in al-
most half Cases and Controls being significantly higher in
PVT patients (6.8 [0; 19.5] mg/l vs. 0 [0; 6.4] mg/l, р=0.0001,
reference range < 5 mg/l).

LS was evaluated in 14% of patients with PVT and 11% of
patients without PVT. The median LS value was 42.7 [22.6;
67.2] kPa in Case group and 29.0 [26.3; 33.7] in Control group
(р=0.041).

Comorbidities. No differences were observed in frequency,
severity, and duration of comorbidities such as diabetes mel-
lites, essential hypertension, and ischemic heart disease. Pa-
tients with PVT had a higher prevalence of HCC without portal
vein invasion (Table 1) – the OR for HCC was about six times
higher for Cases (Fig. 3). Thrombosis was mostly (in 17 cases
out of 21) localized in the portal vein trunk; isolated portal vein
branches thrombosis was rarely observed, seen ipsilateral to
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Òable 1. Basic clinical and laboratory and imaging characteristics of patients in Case and Control groups

Characteristics Case
N=94

Control
N=326 p-value Missing data, % 

Case | Control
Onset of portal hypertension

Ascites, n (%) 54 (57,4%) 140 (42,9%) 0,013 -*
EV, n (%) 70 (74,5%) 222 (68,1%) 0,238 -
Variceal bleeding, n (%) 17 (18,1%) 33 (10,1%) 0,036 -

Duration of portal hypertension, months 15,5 [5;45] 8 [0;29] 0,001 -
Progression of portal hypertension -

Ascites, grade 3, n (%) 33 (35,1%) 38 (11,7%) <0,00001 -
EV, n (%) 83 (88,3%) 270 (82,8%) 0,202 2,1 | 2,5
EV, grade 3, n (%) 52 (55,3%) 138 (42,3%) 0,026 2,1 | 2,5
GV, n (%) 13 (13,8%) 17 (5,2%) 0,005 2,1 | 2,5
PHG, n (%) 49 (52,1%) 115 (35,3%) 0,005 2,1 | 2,5
Variceal bleeding, n (%) 22 (23,4%) 45 (13,8%) 0,025 -
All treatments for variceal bleeding, n (%) 27 (28,7%) 39 (11,9%) 0,00008 -
EVL, n (%) 25 (26,6%) 36 (11,0%) 0,0002 -
Transabdominal esophagogastric
devascularization procedure, n (%) 9 (9,6%) 3 (0,9%) <0,00001 -
Spleen length, cm 15,7 [14,3;18,4] 14,5 [12,8;16,5] 0,001 19,1 | 13,5
Portal vein diameter, mm 13,9 [11,7;15,9] 12,2 [11,0;13,6] 0,0001 15,9 | 16,3

Severity of cirrhosis
Child-Pugh В-С, n (%) 85 (90,4%) 178 (54,6%) <0,00001 - | 3,7
MELD 12,8 [10,3;15,7] 11,1 [9,3;14,1] 0,005 15,9 | 15,0
MELD-Na 14,5 [11,2;17,5] 11,6 [9,5;15,5] 0,002 23,4 | 29,8

Hemoglobin, g/l 117,2 [99,9;133,7] 127,9 [112,9;139,1] 0,001 2,1 | 1,8
Lymphocytes, ¥109/L 1,04 [0,64;1,57] 1,45 [0,98;1,92] 0,001 4,3 | 2,5
NLR 2,5 [1,8;3,6] 1,8 [1,4;2,6] 0,001 4,3 | 2,5
Platelets, ¥109/L 87,5 [62,6;137,1] 98,6 [68,2;143,3] 0,227 4,3 | 2,5
Albumin, g/L 30,0 [26,6;34,0] 34,0 [29,0;37,7] 0,001 -
Total bilirubin, μmol / l 34,0 [22,6;58,1] 32,5 [20,5;53,0] 0,177 - 
Na, mmol / l 137,4 [134,8;140,2] 139,5 [136,1;142,3] 0,002 18,1 | 11,7
APTT Ratio 1,2 [1,1;1,3] 1,2 [1,0;1,3] 0,615 19,1 | 16,3
INR 1,26 [1,14;1,43] 1,17 [1,09;1,31] 0,001 -    | 3,4
Fibrinogen, g/l 2,68 [2,04;3,52] 2,71 [2,12;3,48] 0,784 19,1 | 16,3
HCC without portal vein invasion, n (%) 21 (22,3%) 15 (4,6%) <0,00001 -
-* no missed data
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Figure 3. The odds ratio and 95% confidence intervals for clinical, laboratory, and imaging features 

the tumor in three patients, and contralateral to the tumor in
one patient. 

Relative to non-HCC patients, HCC patients more often
had completely occlusive PVT (p=0.00026) and other venous
thrombosis located in the hepatic veins or inferior vena cava
(p=0.038). 

Local factors. Such local factors as ulcerative colitis,
Clostridium difficile infection, spontaneous bacterial peritoni-

tis (SBP), and abdominal blunt trauma were considered as pos-
sible risk factors for PVT only if PVT was absent (according to
ultrasound data, contrast-enhanced CT, or MR imaging) before
the factors were diagnosed; the duration of these conditions
was limited to three months prior to study entry.

In the PVT group, two patients had ulcerative colitis (UC)
flare, and one had C. difficile enterocolitis while only one pa-
tient presented with UC flare in the Control group (p=0.012).

Figure 2. The overall prevalence of portal vein thrombosis and depending on the etiology of cirrhosis.
HBV – Hepatitis B virus; HCV - Hepatitis С virus; ARLD - Alcohol-Related Liver Disease; NASH – Non-Alcoholic Steatohepatitis;
AIH - Autoimmune Hepatitis; PBC - Primary Biliary Cholangitis; Overlap syndrome: AIH + PBC, AIH +HCV, AIH + Primary
Sclerosing Cholangitis; Other: Wilson disease, Hereditary Hemochromatosis, Cryptogenic cirrhosis
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SBP was diagnosed in four Cases and three Controls
(p=0.027).

For one patient, non-metastatic colorectal cancer was diag-
nosed at the same time as PVT. Only PVT patients underwent
surgeries such as splenectomy and cholecystectomy; of these,
one underwent splenectomy, and three underwent cholecystec-
tomy. Cholecystectomy was performed for acute cholecystitis
in one patient; in other cases, cholecystectomy was done dur-
ing the transabdominal esophagogastric devascularization pro-
cedure. One patient in the Case group and two patients in the
Control group had abdominal blunt trauma required hospital-
ization.

Patients with PVT had 9.6 times more chance to have even
one local factor such as UC flare, C. difficile enterocolitis,
SBP, colorectal cancer, splenectomy cholecystectomy for acute
cholecystitis compared to non-PVT patients (Fig. 3).

We also considered a possible predictor of a preoperative
administration of high-dose platelet transfusions a month be-
fore study entry in the patient underwent radical prostatecto-
my.

Logistic regression and ROC analyses 
The factors included in the best ten logistic regression

models are presented in Table 2.
The highest β coefficient values were noted for the follow-

ing variables: Child-Pugh B/C, devascularization procedure,
HCC without portal vein invasion, and local factors. The speci-
ficity in all models was 94-99%, whereas the sensitivity great-
ly varied. The highest sensitivity of 55.1% (95% CI, 43.4–
66.4%) was found in model #1, including Child-Pugh B/C, the
severity of ascites according to IAC, HCC without portal vein
invasion, history of variceal treatment, presence of PHG, por-
tal vein diameter, and local factors. Removing one or two fac-
tors from the model (Child-Pugh B/C, ascites, HCC, local fac-
tors) reduced the sensitivity by 5-10% (Models #2-6).

Logistic regression equations containing either no or only
variables related to portal hypertension (Models #7 and #8) de-
creased sensitivity up to 25%. Models based on laboratory val-
ues alone (albumin, INR, hemoglobin, lymphocytes, and NLR)
had lower sensitivity. 

The highest AUC revealed for model #1 was 0.871 (95%
CI 0.826–0.916; Fig. 4). 

When pairwise comparing models 1-7, AUCs did not dif-
fer. The lowest AUCs were found for models #8-10 (Table 2).
The pairwise comparison of the AUCs was statistically signifi-
cantly different between the models #1-7 and model #9 as well
as models #1-5 and model #8. 

Discussion
The overall prevalence of PVT in our study of cirrhotic

pa¬tients was 6.2%, which was comparable to the prevalence in
other studies included thousands of participants and higher than
the prevalence observed in the American largest nationally-rep-
resentative database of hospital discharges consisted of more
than three million discharges, which was only 1.5% [6, 8, 18].

The frequency of PVT was higher among patients with
chronic hepatitis B infection (16.7%), NASH (15.6%), and alco-
hol consumption combined with hepatitis C infection (11.7%).
Cirrhosis etiology has been shown to play a role in PVT devel-
opment, with PVT more likely occurring in patients with alcohol
consumption and hepatitis B virus [11, 19]. Emerging data sug-
gest that NASH cirrhosis may be an independent risk factor for
thrombotic events, including PVT [8, 18].

Sequential statistical analysis of clinical, laboratory, and
instrumental data allowed building predictive models of PVT
in cirrhotic patients eliminating the influence of age, sex, and
etiology of liver disease.

The different combinations of variables, including Child-
Pugh A, mild portal hypertension, absence of HCC and local

Òable 2. Estimation results of the logistic regression models

Variable
Model numbers

1 2 3 4 5 6 7 8 9 10
Coefficient of regression β

Child-Pugh В-С 1,853 2,434 1,748 1,744 1,419
Ascites, grade 1-3 0,460 0,731 0,528 0,507 0,781 0,364
HCC without portal vein invasion 2,126 2,290 2,033 2,046 1,468
EVL, number of procedures 0,774 0,844 0,646 0,725 0,785 0,613 0,691
Transabdominal esophagogastric
devascularization procedure 2,734 2,378 3,073 2,820 2,690 3,198 2,540
PHG 0,793 0,813 0,842 0,767 0,681 0,821 0,663
Portal vein diameter, mm 0,203 0,198 0,221 0,207 0,214 0,226 0,240
Local factor (any of all) 2,075 2,415 1,942 1,840 1,717 2,129
Hemoglobin, g/l -0,021
Lymphocytes, ¥109/L -0,638
NLR 0,081
Albumen, g/L -0,056
INR 1,299

Operating characteristics
Diagnostic accuracy, % 85,8 83,2 85,3 83,8 84,4 83,6 79,9 81 76,8 80,3
Sensitivity, % 55,1 47,4 48,7 46,2 50 44,9 25,5 24,4 5,6 7,2
Specificity, % 95,0 93,9 95,9 95,0 94,6 94,8 96,2 97,4 97,7 99,4
AUC 0,871 0,854 0,847 0,847 0,861 0,822 0,825 0,716 0,694 0,647
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factors, normal or near-normal levels of hemoglobin, lympho-
cytes, neutrophil-to-lymphocyte ratio (NLR), albumin, and
INR values demonstrated ability to exclude PVT.

Two main factors observed in most patients – Child-Pugh
B-C and severe portal hypertension – predicted the presence of
PVT best. Other less common significant predictors for PVT
included HCC without portal vein invasion and local factors.

The prevalence of Child-Pugh B-C cirrhosis was about
90% in the PVT group, highlighting severe cirrhosis as an in-
dependent major risk factor [4]. Although we found the differ-
ences between three variables out of five included in Child-
Pugh score (severity of ascites, albumin, and prothrombin lev-
els), only one factor - the severity of ascites - was entered in
the predictive model.

The sensitivity of the models consisted of either ascites
(model #3) or Child-Pugh B-C (model #2) with other factors
being equal did not differ. However, including both predictors
in the model 1 raised the sensitivity. Thus, we found severe as-
cites to be an independent risk factor for PVT along with
Child-Pugh B-C.

In the PVT group, portal hypertension was characterized
by a longer duration and more frequent presentation with as-
cites and varices compared to the non-PVT group. However,
no differences were seen in the number of bleedings between
cases and controls, which was comparable to another study
[11]. 

Based on this, it can be assumed that PVT in patients with
cirrhosis is associated not with the number, but with the fact it-
self of bleeding from EV, which reflects the achievement of a
critical increase in pressure in the portal vein.

Accordingly, the median LS was significantly higher in the
case group than in control and exceeded the threshold value for
variceal bleeding in cirrhotic patients [20].

PVT patients had a greater number of variceal therapies
(EVL and devascularization procedure) which on the one hand
reflects more severe portal hypertension state and on the other
hand may serve as an additional factor in reducing the velocity
of portal vein blood flow.

Previous studies also had shown that EVL and devascular-
ization procedure are associated with an increased prevalence
of PVT [11, 21]. Predictive models also included the other two
factors related to portal hypertension: PHG and portal vein di-
ameter.

PVT and HCC without a portal vein invasion were detected
simultaneously in every fifth patient. The prevalence of benign
PVT (with no vascular invasion) has been shown to be up to
73% of the total PVT in HCC patients being associated with
hypercoagulable state induced by malignancy itself [22]. This
systemic mechanism is confirmed by the more frequent throm-
bosis of the hepatic veins and inferior vena cava in PVT pa-
tients with HCC.

Local factors are represented mostly by systemic inflam-
mation. Severe portal hypertension and refractory ascites in-
crease bacterial translocation, which increases portal hyperten-
sion, leading to a circulus vitiosus [23]. Furthermore, endotox-
in seems to enhance systemic factor VIII release from endothe-
lial cells contributing to hypercoagulability [24]. This explains
why SPB is more frequently detected in cirrhotic patients. 

Although the active phase of inflammatory bowel disease
is generally recognized risk factor for PVT in non-cirrhotic pa-
tients, in our study ulcerative colitis relapse was considered as
a causal factor for thrombosis in cirrhotic patients [25]. We al-
so revealed the association between PVT and C. Difficile in-
fection which is in-line with a previous study demonstrated a
higher frequency of C. Difficile infection among HCC patients
with PVT [26].

In PVT patients, an increase in the marker of systemic in-
flammation, the NLR, was also noted, which in some studies
was established as a predictor of survival in patients with liver
cirrhosis [27].

Unlike other studies, we found no significant differences in
platelet levels between groups due to the high frequency of
HCC, which is known to produce thrombopoietin which pro-
motes thrombocytosis [29]. The median platelet count in PVT
patients with HCC was higher by 40,000 cells per mcL than in
non-HCC patients.

The most important indicators of the coagulogram were
characterized by no significant differences in APTT and fib-
rinogen between both groups and INR increase in patients with
PVT, which once again shows the complexity of the interpreta-
tion of INR in patients with liver cirrhosis in favor of only the
risk of bleeding.

We measured D-dimer level in several patients. There are
contradictory findings on the role of D-dimer in predicting
PVT in cirrhotic patients. However, D dimer level is signifi-
cantly associated with the degree of liver dysfunction accord-
ing to Child-Pugh and MELD and should be interpreted with
caution in these patients [29]. 

Limitations. Case-control studies suffer some limitations,
including susceptibility to systemic bias. However, case-con-
trol studies are an efficient method for the study of rare out-
comes such as PVT because of less costly and less time-con-
suming [30]. The present study minimized risk of bias by care-
ful analysis of the primary medical records, strict selection pa-
tients with newly diagnosed PVT according to well-defined
criteria, randomly matching groups by sex, age and etiology of
cirrhosis, and estimating missing data in predictive models.

Conclusions
Despite the high rate of hemorrhage due to a decreased lev-

el of platelets and increased level INR, cirrhosis is now consid-
ered as a prothrombotic condition. In our study, the prevalence
rate for PVT was 6.2%; being the highest for patients with
chronic hepatitis B virus (16.7%), NASH (15.6%), and alcohol
consumption combined with chronic hepatitis C infection
(11.7%).

PVT is significantly associated with Child-Pugh B-C and
portal hypertension-related conditions: refractory ascites, endo-

Figure 4. ROC curves from the logistic regression models
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