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Aim: to evaluate the frequency of portal vein thrombosis (PVT) and build predictive models of the development of PVT
for patients with liver cirrhosis (LC) of A and B/C classes by Child—Pugh.

Materials and methods. Research design is a case-control. The Case group included 130 patients with newly di-
agnosed PVT not caused by invasive hepatocellular carcinoma (HCC); 29 patients were assigned to class A, 101 pa-
tients were assigned to class B/C. From the database of cirrhotic patients without PVT 60 Controls for class A and 205

for B/C were selected using sratified randomization by sex, age and etiology of cirrhosis. The Mann-Whitney U-test

and Pearson's chi-squared test were used to compare the groups. Odds ratios (OR) and 95 % confidence intervals

(95 % CI) were calculated. Logistic regression models are constructed with the separation of the sample into training

and test (0.7; 0.3). The operational characteristics of the models were calculated on the test sample; ROC analysis

was carried out, the area under the ROC curve (AUC) was calculated.

Results. The overall frequency of PVT was 4.1 % (95 % Cl 2.7-5.8 %) in class A and 10.4 % (95 % CI 8.5-12.5 %)

class B/C. Patients with class A and B/C PVT differed from the corresponding controls by more severe portal hyper-
tension: the frequency of bleeding / number of interventions on varices compared with the control were 41/45 % vs.
7/8 % (p < 0.001) for class A and 25.7/30.7 % vs. 16.1/16.1 % (p < 0.05) for class B/C, ascites frequency was 24 % vs.
8 % (p < 0.05) for class Aand 89.1 % vs. 68.3 % (p < 0.001) for class B/C. The cutoff by the portal vein diameter was

the same for both classes — 13.4 mm; the spleen length was similar and amounted 17.5 mm for class A, 17.1 mm for
class B/C. Patients with PVT differed from the corresponding controls by neutrophil-to-lymphocyte ratio: class A 2.33

(1.82; 3.61) vs. 1.76 (1.37; 2.20), p < 0.01, class B/C 2.49 (1.93; 3.34) vs. 2.15 (1.49; 3.26), p < 0.05. Patients of
class B/C had a higher incidence of newly diagnosed malignant tumors - 23.8% (primarily HCC that does not invade

the portal vein), compared with control and cases of class A — 6.3 % and 3 % (p < 0.05), respectively. The best model

for class A included variceal bleeding, ascites, portal vein diameter, absolute number of neutrophils, for class B — as-
cites, spleen length, portal vein diameter, malignant tumors / local factors; sensitivity, specificity, accuracy and AUC
were 79.8 %, 90 %, 86.5 %, 0.897 and 73.3 %, 68.3 %, 69.9 %, 0.789, respectively.

Conclusion. Independently of the Child—Pugh class of LC, the main risk factor for PVT is severe portal hypertension.
Keywords: portal hypertension, portal vein diameter, spleen length, variceal bleeding, neutrophil-to-lymphocyte
ratio, hepatocellular carcinoma, logistic regression, case-control

Conflict of interest: the authors declare no conflict of interests.

For citation: Nadinskaia M.Yu., Kodzoeva Kh.B., Gulyaeva K.A., Khen M.-D.E., Koroleva D.l., Privalov M.A. Tekaeva A.Kh.,
Fedorov V.R., Prokofev S.G. Risk Factors of Portal Vein Thrombosis in Patients with Different Child—Pugh Classes Liver Cirrhosis.
Russian Journal of Gastroenterology, Hepatology, Coloproctology. 2023;33(2):45-59. https://doi. org/10.22416/1382-4376-2023-33-

2-45-59

dakTopbl pUcka TPOMO0O3a BOPOTHOM BEHbI Y NALMEHTOB C LUPPO3OM NEeYeHn
pasHbix knaccos no Child—Pugh

M.10. HaguHckas'*, X.B. Kogsoesa'?, K.A. l'ynaesa', M.-[1.9. Xan', [.U. Koponesa', M.A. MNpueanos1, A.X. Tekaesa',
B.P. ®enopos!’, C.I. NpokodbeB'
TPrAOY BO «[lepBbiti MOCKOBCKUI rocyAapCTBEHHbIN MeanUMHCKUI yHnBepcutet um. V.M. CeyeHoBa»
(CeueHoBckuii yHuBepcuteT) MuHucTepcTBa 3apaBooxpaHeHuns Poccurickoi @eaepanmmn, MockBa, Poccuiickas Penepaviysi
2 PreYy «HaumoHanbHbIv MeAULIMHCKUI MCCEA0BaTe/IbCKMI LIEHTP TPAHCMIaHTOIOMMU U UCKYCCTBEHHbIX OPraHOB UM. akaaemMuka
B.U. LLlymakoBa» MuHucTepcTBa 3apaBooxpaHeHns Poccurickor Penepaummn, Mocksa, Poccurickas Penepadims

Poc ypH ractposuTepoJt rematon koaonpokros 2023; 33(2) / Rus J Gastroenterol Hepatol Coloproctol 2023; 33(2)



Original articles / OpurnHanbHbIe MCCIEOBAHUS www.gastro-j.ru

Llenb nccnepoBaHusa: OLEHNTbL YaCTOTy TPOM6G03a BOPOTHOM BeHbI (TBB) 1 NocTponTb NpeamKTUBHBIE MOOENN
passuTtus TBB ons naupeHTos ¢ umppo3om nevenu (LM knaccos A n B/C no Child—Pugh.

Martepuanbl n meToabl. [113aiiH NCCNegoBaHNsa — «Cly4an-KOHTPONb». B rpynny «cnyyan» BkaoyeHbl 130 naum-
EHTOB C BrepBble BbisiBNEHHbIM TBB, He 00yCnoBneHHbIM MHBA3WeN renatoLuennonsapHbiM pakom (FLP); k knaccy
A oTHeceHbl 29, k knaccy B/C — 101 nauuneHT. VI3 6a3bl gaHHbIX naumeHToB ¢ LM 6e3 TBB ¢ nomolbio ctpatudu-
LIMPOBAHHOM paHaoOMMU3aumMKn Nno rnony, BO3pacTty 1 aTnosiornm otobpaxsl ans knacca A — 60, ans knacca B/C — 205
KOHTposnen. ing cpaBHeHWs rpynn npumeHsancs U-kputepuii MaHHa — YUTHU, kputepuin xm-keagpart NMupcoHa. Bei-
yncneHbl oTHoweHns waHcos (OLL) n 95 % noseputensHble nHTepBanbl (95 % [N). NocTpoeHbl Mmogenn normcTnye-
CKOW perpeccuu ¢ pasaeneHmem Beibopkin Ha obyyatoLLyio v TectoByto (0,7; 0,3). Ha TecToBoli BbIGOPKE paccynTaHbl
onepaunoHHbIE XapakTEPUCTUKM Moaenen; nposeaeH ROC-aHanna, BeluncneHa nnowanb nog ROC-kpueoin — AUC.
PesynbraTbl. O6ulas yacToTa TBB B knacce A coctasuna 4,1 % (95 % AN 2,7-5,8 %), knacce B/C — 10,4 % (95 %
AN 8,5-12,5 %). MaumeHTsbl ¢ TBB knaccoB A 1 B/C otnnyanvcb OT COOTBETCTBYIOLLMX KOHTPOEN Bornee Bbipa-
>XEHHOW NOPTaNbHOM FMMMNEPTEH3NEN: YaCTOTa KPOBOTEYEHWUN / YNCa BMELLATENbCTB HA BAPUKO3HO-PACLUMPEHHbIX
BeHax (BPB) no cpaBHeHUIO ¢ KOHTponem ans knacca A coctasuna 41/45 % vs. 7/8 % (p < 0,001), knacca B/C —
25,7/30,7 % vs. 16,1/16,1 % (p < 0,05), yactoTta acuuta: knacc A — 24 % vs. 8 % (p < 0,05), knacc B/C — 89,1 % vs.
68,3 % (p < 0,001). Touka pasgeneHus No aMameTpy BOPOTHOW BEHbI Oblla OAMHAKOBOW Al 060MX K1acCoB —
13,4 MM; NO AJIMHHUKY Cene3eHkn Oblia CXoaHOoWM 1 cocTaBuna ons knacca A — 17,5 mm, gns B/C — 17,1 mm. MNaumeH-
Tbl ¢ TBB OT/M4anncb OT COOTBETCTBYIOLLMX KOHTPOMEN MO 3HAYEHUID HENTPOPUNBHO-TMMOOLNTAPHOINO NHAEKCA:
knacc A — 2,38 (1,82; 3,61) vs. 1,76 (1,37; 2,20), p < 0,01, knacc B/C — 2,49 (1,93; 3,34) vs. 2,15 (1,49; 3,26),
p < 0,05. B knacce B/C Habnioganacb 6onee BbiCOkasi HacToTa BMEPBbIE BbISBAEHHbIX 3JI0KAYECTBEHHbIX OMyXO-
nen — 23,8 % (npexae Bcero NP, He nHBa3MpyOLErO BOPOTHYIO BEHY), MO CPABHEHMUIO C KOHTPOJIEM U CAyYasMu
knaccaA — 6,3 % 1 3 % (p < 0,05) cooTBETCTBEHHO. Jlyyluas MoAenb A5 knacca A Bkatoyana KpoBoTeuyeHus ns BPB,
acuuT, AMaMeTp BOPOTHOW BeHbl, aBCONIOTHOE YMCNO HEUTPODUIOB, ANs knacca B: acumT, AIMIHHUK CENE3EHKM,
OVaMeTp BOPOTHOW BEHbI, 3/10KQYECTBEHHbIE OMYX0NN / I0KasibHble HaKTOPbl; YyBCTBUTENBHOCTb, CNEeUMdUYHOCTb,
To4HOCTb 1 AUC coctasunu: 79,3 %, 90 %, 86,5 %, 0,897 n 73,3 %, 68,3 %, 69,9 %, 0,789 COOTBETCTBEHHO.
BbiBoabl. Hezasncnmo ot knacca LM no Child—Pugh ocHoBHbIM dpakTopom pucka TBB aBnsgeTcs Taxenas noptasib-
Has rMNepTeH3us.

KnioueBble cnoBa: noprtanbHas rMnepTeH3us, AMaMmeTp BOPOTHOM BEHbl, OJIMHHUK CENe3eHKU, KPOBOTEYEeHne
13 BAPUKO3HO-PACLLUMPEHHbIX BEH MULLEBOAA, HENTPODUNBHO-NMMOOLMTAPHBIN MHOEKC, renaToLEeNoNSPHbIN Pak,
JIOFUCTUYECKAs PErPEeCCUs, Cny4ari-KkOHTPOb

KoHdnukT MHTEepecoB: aBTOpPLI 3aBASIOT 06 OTCYTCTBUM KOHMIMKTA MHTEPECOB.

Ansa umtnposanua: HaguHckasa M.1O., Konzoesa X.B., [ynaesa K.A., XoH M.-[.3., Koponesa [1.1., Mpueanos M.A., Tekaesa A.X., ®e-
nopos B.P, Mpokodbes C.I. DakTopsl pucka TpoMO603a BOPOTHON BEHbI Y MALMEHTOB C LMPPO30M MeYeHN pasHbix knaccos no Child—
Pugh. Poccuiicknin xxypHan racTpoaHTeponorum, renaronorum, kononpokronorun. 2023;33(2):45-59. https://doi.org/10.22416/1382-
4376-2023-33-2-45-59

Introduction

Portal vein thrombosis (PVT) is a very rare type
of venous thrombosis in the general population. The
incidence of PVT is 2.5 per 100,000 people per year,
and it accounts for less than 1 % of all thromboem-
bolic complications [1]. However, PVT is a common
and predictable disease, as well as an unfavorable
prognostic factor for patients with liver cirrhosis
(LO) [2].

According to the latest large meta-analysis by
J. Pan et al., the prevalence of PVT among cirrotic
patients is 13.92 %, and the incidence is 10.42 %.
Overall, the prevalence and incidence of PVT di-
rectly correlate with the severity of liver disease by
the Child—Pugh score, significantly increasing from
class A to classes B/C, moreover, membership to
classes is considered a key risk factor of PVT [3].

The Child—Pugh (Child—Pugh-Turcotte) scoring
system includes two clinical signs such as ascites, he-
patic encephalopathy (HE) and three laboratory pa-
rameters such as albumin, total bilirubin, prothrom-
bin) [4]. The combination of these parameters makes
it possible to simultaneously assess the liver function
(albumin production and detoxification) and portal

hypertension, making this simple scoring system in-
dispensable for predicting complications of LC.

From all parameters in the Child—Pugh system
ascites is highlighted as a significant risk factor of
PVT, and among other risk factors not included in
Child—Pugh, the following are considered: high lev-
els of D-dimer, the use of beta-blockers, thrombocy-
topenia, reduced blood flow velocity in the portal
vein (PV), and the presence of esophageal / gastric
varices with the threat of bleeding [3].

The progression of liver disease and a patient’s
transition from class A to classes B and C result
from deterioration in the liver functions and/or an
increase in portal hypertension. We couldn’t find
studies examining which of these factors has more
significant impact on the frequency of PVT develop-
ment in different Child—Pugh classes. The question
of additional risk factors that affect the frequency of
PVT at different Child—Pugh classes also remains
unresolved.

The aim of our study is to evaluate the preva-
lence of PVT and build predictive models of the de-
velopment of PVT for cirrhotic patients with A and
B/C classes by Child—Pugh.
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Materials and methods

A retrospective case-control study was conducted,
approved by the Local Ethics Committee of Sechenov
University (11.11.2020, ref: 31—20).

An electronic database was used for this study
from our previous research [5]. The database was
corrected, supplemented, and includes information
based on primary medical documentation of 1752
patients diagnosed with «liver cirrhosiss» who were
observed at the Clinic of Propaedeutics of Internal
Diseases, Gastroenterology, and Hepatology named
after V.Kh. Vasilenko from January 1, 2011 to
December 31, 2021. The diagnosis of cirrhosis was
established based on clinical, laboratory and instru-
mental examination, liver elastography, morphologi-
cal study of the liver.

The inclusion and non-inclusion criteria for the
study are presented in Figure 1.

Case and Control Selection

The Case group included patients with newly di-
agnosed PVT, in the presence of a thrombus of the
PV trunk and / or lobar branches or cavernous trans-
formation of the PV according to the ultrasound and
contrast-enhanced computed tomography (CT) scans.
Tumor invasion of the PV served as the exclusion cri-
terion (n = 21). In total, 130 patients were included
in the Case group, 65 men and 65 women, median
age was 59 (50; 65) years.

At the next stage, patients with PVT were di-
vided into Child—Pugh classes. Class A included 29
patients, 5 men and 24 women, median age was 58
(46; 65). Cirrhosis developed as a result of hepatitis
C virus infection in 14 patients, autoimmune hepati-
tis and / or primary biliary cholangitis in 7 patients,
non-alcoholic fatty liver disease in 5 patients, and
alcoholic liver disease in 3 patients. Class B/C in-
cluded 101 patients, 60 men and 41 women, median
age 59 (51; 65) years. In this group, alcohol abuse
was the most frequent etiological factor of cirrhosis
and occurred in 44 (43.5 %) patients, in a third of
them in combination with viral hepatitis C or B; LC
also developed in the outcome of viral hepatitis C
and/or B in 31 (30.7 %), in the outcome of non-al-
coholic fatty liver disease in 13 (12.9 %) and in the
same number of patients as a result of autoimmune
hepatitis and/or primary biliary cholangitis.

Patients without signs of PVT (n = 1557) were
included in the control database, from which 60 pa-
tients with class A and 205 with class B/C were se-
lected using stratified randomization by sex, age, eti-
ology, and a case-to-control ratio was 1:2 (Figure 1).

Assessed risk factors

According to the primary medical documentation,
we analyzed the features of the onset, duration and
severity of portal hypertension including presence
and size of varices, ascites, HE, frequency of varice-
al bleeding, presence and frequency of interventions

on varices (endoscopic ligation, sclerotherapy, gas-
tric devascularization procedure, surgical shunt), PV
diameter, and spleen length by ultrasound.

The study also considered comorbidities such as
coronary heart disease (CHD), diabetes mellitus
(DM), and gallstone disease (GD).

The grade of ascites was determined according to
the international recommendations [6]. All patients
with grade 3 ascites had a serum-ascites albumin gra-
dient of >1.1 g/dL and ascitic fluid protein concen-
tration of < 2.5 g/dL. HE was diagnosed and graded
clinically according to West Haven criteria [7].

The following laboratory parameters were eval-
uated: count of red blood cells, white blood cells,
neutrophils, lymphocytes, platelets, concentration of
hemoglobin, total bilirubin, total protein, albumin,
fibrinogen, international normalized ratio (INR).
Inflammatory indices such as neutrophil-to-lym-
phocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), and systemic inflammation index (SII =
platelets x neutrophils/lymphocytes) were calculated.

The study also considered local factors associated
with PVT, including exacerbation of inflammatory
bowel diseases (IBD), Clostridium difficile infec-
tion, blunt abdominal trauma, abdominal surgeries,
splenectomy, acting for 3 months or less until the
examination.

Any malignancies newly diagnosed at the time of
examination or up to 12 months before the examina-
tion were also considered as a risk factor. The newly
diagnosed hepatocellular carcinoma (HCC) without
PV invasion was diagnosed by contrast-enhanced CT
and / or magnetic resonance imaging.

Statistical analysis

Statistical analysis of the data was conducted.
Continuous variables were included in the study;
variables with less than 5 % missing data were im-
puted to the mean in subgroups according to age and
etiology of liver disease.

The normality of the distribution was tested using
the Kolmogorov-Smirnov and Shapiro—Wilk tests.
Most of the studied quantitative variables was signifi-
cantly different from the normal distribution and are
presented as the median (Me) and interquartile range
(as 25th and 75th percentiles; 25 %; 75 %). Qualitative
data were expresed as counts and percentages.

Comparisons between groups were made by Mann-
Whitney U-test; for qualitative variables, Pearson’s
chi-squared test and Fisher’s exact test were used.
Odds ratios (OR) and corresponding 95 % confi-
dence intervals (95 % CI) were calculated. Using the
ROC curve (receiver operating characteristic), the
best cutoff points for quantitative predictors were
selected.

Logistic regression models were built to deter-
mine the association between PVT and the studied
features by step-by-step inclusion and exclusion of
predictors and dividing the sample into training
and test sets (0.7; 0.3). Sensitivity, specificity, and

Poc ypH ractposuTepoJt rematon koaonpokros 2023; 33(2) / Rus J Gastroenterol Hepatol Coloproctol 2023; 33(2)

47



Original articles / OpurnHanbHbIe MCCIEOBAHUS www.gastro-j.ru

Patients with liver cirrhosis observed at the Clinic from 01,/01,/2011 to 12/31/2021 (N = 1752)
[TarueHTHI ¢ UPPO30M Ieyern, Habmoaasmmecs B Kannuke ¢ 01.01.2011 no 31.12.2021 (N = 1752)

\ 4
Inclusion criteria: : Kputepun BKoUeHms:
- age over 18 years (n=1747) -Boapacr 18 ser u crapme (n = 1747)
- the presence of clinically significant PH (n =1 716) -Hasuue KiauHndeckn sHaunmoit 1T (n = 1716)
Non-inclusion criteria: Kpurepnn HeBKJIIOYEHMsT:
- the presence of a history of HCC (n = 5) : -nammune 1P B anamuese (n = 5)
- condition after OLT (n = 2) . -cocrosiume nocae OTII (n = 2)
- pregnancy (n = 1) . -6epemennocts (n = 1)
Y

The presence of clinically significant portal hypertension (n = 1708)
Hasmuye KIMHUYECKH 3HAYMMON MOpTaabHON runeprensun (n = 1708)

Portal vein thrombosis
TpoMG03 BOPOTHOI BEHBI

No (n = 1557) 7 Her (n = 1557) Yes (n = 151) / Ectb (n = 151)

Exclusion:
tumor invasion of PV (n=21)

_>

HUckmodyenne:
omyxosesast uuBazus BB (n =21)

Y \ 4

Child—Pugh Classification Child—Pugh Classification
Kuaccudurarmst no Child—Pugh Kunaccuduramust mo Child—Pugh

\ 4 Y

Class A (n = 686) Class B/C (n = 871)
Kuace A (n = 686) Knace B/C (n = 871)

\4 \ 4 \ 4 Y

Stratified randomization by sex, age and etiology of cirrhosis Case class A (n = 29) Case class B/C (n = 101)

CrparudunupoBaHHas paH/OMHU3AINs . 7 = ) _
110 MOy, BO3PACTY, STHOJOTHH LUPPO3A Cayuait knace A (n = 29) Cuyuaii knacc B 7C (n = 101)

\ 4 \ 4

Control class A (n = 60) Control class B/C (n = 205)
Konrpoup kiaace A Konrpoub kiacec B-/C
(n = 60) (n = 205)

Fig. 1. Flowchart of patient inclusion in the study

Note: PH — portal hypertension, OLT — orthotopic liver transplantation, HCC — hepatocellular carcinoma,
PV — portal vein.

Puc. 1. IloroxoBas AarpaMMa BKJIIOYEHUA TTallUEeHTOB B MCCJIe/J0OBaHNe

[Tpumeuanue: [II' — mopranbhasa runeprersus, OTII — oprorommueckas tpancnmanTanus neyenu, [T[P — remarto-
1esoagpHblil pak, BB — Bopornas Bena.
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accuracy were calculated on the test set. The models
with the best quality indicators were selected, es-
timated by the area under the ROC curve — AUC
(area under curve). The quality of the model was
determined according to the expert scale for AUC
values as excellent (0.9—1.0), very good (0.8—0.9),
good (0.7—0.8), satisfactory (0.6—0.7), unsatisfacto-
ry (0.5—0.6).

The level of significance was set at p < 0.05.
Statistical analysis of the data was performed using
IBM SPSS v.23.0 (SPSS: An IBM Company, USA).

Results

The overall frequency of PVT was 7.7 % (95 %
CI 6.5-9.1 %). Among patients with Child—Pugh
class A, it was 4.1 % (95 % CI 2.7—5.8 %), and
among those with class B/C, it was 10.4 % (95 %
CI 8.5—12.5 %).

Child—Pugh class A

Portal hypertension

At the onset of clinically significant portal hyper-
tension, variceal bleeding was observed three times
more often in patients with PVT than in controls
(21 % vs. 7 %, p < 0.05) (Table 1).

Patients with PVT had a statistically significant
longer duration of portal hypertension, higher chanc-
es of variceal bleeding (OR 9.9; 95 % CI 2.8—34.7,
p < 0.001) and intervention on varices (OR 11.4;
95 % CI 3.3—39.7, p < 0.001) compared to the con-
trol group.

At the time of the study, portal hypertension had
statistically significant more pronounced manifesta-
tions in the PVT group, with a higher proportion of
patients with ascites, larger PV diameter and spleen
length than in the control group. The cutoff point
for PV diameter was 13.4 mm and for spleen length
was 17.5 cm; the sensitivity, specificity, and AUC
were 66 %, 92 %, 0.788, and 71 %, 79 %, 0.759,
respectively. There were no statistically significant
differences in the frequency of overt HE between
the groups; it was observed in a small proportion of
patients in both groups (Table 1).

Comorbidities, local factors, malignant tumors

Among the concomitant diseases, GD was the
most often observed and was diagnosed in 41 % of
patients, CHD was diagnosed in approximately 30 %
of patients, and DM was observed in one-fifth of
patients in both groups. There were no significant
differences in the frequency of these comorbidities
between the groups (Table 1).

Local factors were identified in two patients in
the PVT group (one had splenectomy and the other
had a current exacerbation of IBD) and in three pa-
tients in the control group (all of them had IBD ex-
acerbation), with no differences between the groups.

Newly diagnosed at the time of the study malig-
nant tumors were identified in one patient in the case
(HCC) and in three patients in the control group

(two had HCC and one had stomach cancer), sta-
tisticaly significant differences between the groups
were not found (Table 1).

Laboratory parameters

No differences in platelet, red blood cell, and white
blood cell counts were found between the groups.
There was a trend towards a lower absolute lympho-
cyte count in the PVT group (p = 0.078, close to the
level of statistical significance). Of the studied inflam-
mation indices, only NLR showed statistically signifi-
cant differences between the groups (Table 1).

There were no differences in the studied biochem-
ical parameters and coagulation tests between the
groups in terms of total protein, albumin, total bili-
rubin, INR, and fibrinogen.

Logistic Regression and ROC Analysis

The two logistic regression models had very good
quality indicators for class A (Table 2). The first
model consisted of a combination of two factors:
PV diameter and a history of any intervention on
varices. On the test set, the model sensitivity was
75.9 %, specificity was 91.7 %, accuracy was 86.5 %,
and AUC was 0.849. The second model included four
variables: ascites, variceal bleeding, PV diameter,
and absolute neutrophil count. On the test set, this
model sensitivity was 79.3 %, specificity was 90 %,
accuracy was 86.5 %, and AUC was 0.897 (Fig. 2).
The PV diameter, variceal bleeding, and interven-
tions on varices had the highest Wald test and OR.

Child—Pugh Class B/C

Portal hypertension

Ascites and variceal bleeding at the onset of por-
tal hypertension were observed in approximately
the same number of patients in the case and control
groups, the frequency of ascites was 66 %, bleeding
was 11—18 % (Table 1).

The duration of portal hypertension was statis-
tically significantly longer in the case group, and
its course was more often complicated by variceal
bleeding and interventions on varices (OR 2.3; 95 %
CI 1.3—4.1; p < 0.01). Among them, as for Class A,
the most common procedure was endoscopic ligation
(OR 2.4; 95 % CI 1.4—4.4; p < 0.01).

At the time of the study, portal hypertension had
statistically significant more pronounced manifesta-
tions in the PVT group, with a higher proportion of
patients with ascites, larger PV diameter and spleen
length than in the control group. The cutoff point
for the PV diameter was 13.4 mm and for spleen
length was 17.1 cm; sensitivity, specificity, and
AUC were 64 %, 72 %, 0.711 and 50 %, 81 %, 0.659,
respectively.

At the time of the study overt HE was diagnosed
more often in patients with PVT, 47.5 % vs. 36.6 %
in the control group (p = 0.066, close to the level of
statistical significance (Table 1).

Comorbidities, local factors, malignant tumors

In terms of the frequency of concomitant diseases,
GD and CHD were statistically significantly more
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Table 1. Main characteristics of class A and B/C patients in case and control groups

Tabauya 1. OcHOBHBIE XapaKTEPUCTUKU TAlneHToB KiaccoB A u B/ C B rpynmax «Ciyyaii» n « KoHTpob»

Child—Pugh class A
Kiaace A mo Child—Pugh

Child—Pugh class B/C
Kaaccet B/C mo Child—Pugh

Characteristics
Ilepemennas

Case
«Cuyuaii»
n=29

Control
«KoHTposb»
n = 60

p-value
3Hauenune

p

Case
«Cuayyaii»
n =101

Control
«KounTpoab»
n =205

p-value
3HaueHue

p

Onset of portal hypertension:
Cumnmomvl na momenm 0e610ma nopmaisHol 2unepmen3uu:

Variceal bleeding
KpoBoteuernne n3 BPB

6 (21 %)

4(7 %)

<0.05

18 (17.8 %)

23 (11.2 %)

Ascites
Acrut

7 (24 %)

21 (35 %)

67 (66.3 %)

134 (65.4 %)

Duration of portal
hypertension, months
JlmnTeTbHOCTD
MOPTATbHOM
IUIEPTEH3UU, MeC.

33 (13; 49)

8 (1; 31)

<0.05

17 (3; 47)

9 (1; 30)

<0.05

Taxecmv nopmanvrou

Severity of portal hypertension at the time of the study:
2UNEPMENIUU HA MOMEHIN UCCeA08ANHUSL:

Variceal bleeding
Kposoreuenne 13 BPB

12 (41 %)

4(7 %)

<0.001

26 (25.7 %)

33 (16.1 %)

<0.05

EVL
9J1 BPB

13 (45 %)

4 (7 %)

<0.001

29 (28.7 %)

29 (14.1 %)

<0.01

Any interventions

on varices

JIo6ble BMelIaTe/1bcTBa
110 ooty BPB

13 (45 %)

5(8 %)

<0.001

31 (30.7 %)

33 (16.1 %)

<0.01

Ascites
Aciur

7 (24 %)

5(8 %)

<0.05

90 (89.1 %)

140 (68.3 %)

<0.001

Hepatic
encephalopathy
ITeuenounasa
aHIIeaTOnaTns

2(7 %)

12 %)

48 (47.5 %)*

75 (36.6 %)

0.066

Portal vein diameter,
mm

Bopornas Bena,
quamerp o Y3U, mm

14.5 (12; 15.5)

12 (11; 13)

<0.001

13.8 (13.1;
16.2)

12.5 (11.3;
13.6)

<0.001

Spleen length, cm
Cesesenka, [UIMHHIK
nmo Y3U, cm

17.6 (15.7; 20.7)

14.8 (13; 15.9)

<0.001

17.3 (14.7;
18.9)

14.9 (13.6;
16.4)

<0.001

Comorbidities:

Conymcemeyowue 3a601e6anusL:

DM
CA

6 (21 %)

12 (20 %)

31 (30.7 %)

45 (21.9 %)

CHD
NBC

8 (28 %)

19 (32 %)

42 (41.6 %)

58 (28.3 %)

<0.05

GD
JKKb

12 (41 %)

25 (42 %)

54 (53.5 %)

78 (38 %)

<0.05

Local factors
JlokasbHbIe (HhaKTOPDI

2(7 %)

3(5 %)

12 (11.9 %)

7 (3.4 %)

<0.01

Malignant tumors
370KayecTBEHHbIE
OITy X OJIH

1(3 %)

3(5%)

24 (23.8 %)

13 (6.3 %)

<0.001

Laboratory parameters:
Jabopamopnuvie napanempo:

Red blood cells, x10'2/L
Apurpoiutel, x10'?/ 1

4.1 (3.76; 4.38)

4.1 (3.72; 4.43)

3.66 (3.3;
4.13)

3.7 (3.21; 4.1)

Hemoglobin, g/L
TF'emormno6us, r/1

121 (104; 129)

127.5 (111.3;
136.4)

116 (97; 130)

119 (103.9; 132)

Platelets, x10%/L
Tpom6orursr, X107/ 71

83 (55; 129)

95 (69; 136)

95 (64; 136)

84 (58; 131)
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White blood cells,

x109/L 41(3.2;52) | 3.85(2.85; 5.43) n.s 41(2.9;6) | 4.3(3.1;6.3) n.s
JletikoruTer, x10°/ 1

Neutrophils, x10°/L ) . 2.33 (1.72; )

Heitrpodbmner, x10°, 1 2.57 (1.83; 3.3) | 2.14 (1.58; 2.92) n.s 5 65) 2.6 (1.74; 3.86) n.s
Lymphocytes, x10°/L ) ) . .

Tahoruarer, <10/ 1 0.99 (0.64; 1.48) | 1.25(0.83; 1.76) |  0.078  |0.98 (0.64; 1.42)| 1.19 (0.84; 1.79) | <0.001
E]LH%I 233 (1.82: 3.61) | 1.76 (1.37: 2.2) | <0.01 |2.49(1.93; 3.34) | 2.15 (1.49; 3.26) |  <0.05
%%}I 93 (70:108) 76 (57; 105) n.s 96 (68; 141) 74 (53;101) <0.001
SM%B 218 (165; 287) 172 (101;267) n.s 231 (137; 396) | 179 (112; 354) |  <0.05
Total protein, g/L . : . .

Obuut Genor. 1/ 70 (68.2; 74.8) 72.9 (68; 80) n.s 68 (62.9: 75) | 69 (64; 74.8) n.s
Albumin, g/L ) ) ) . )

Ayt o/ 1 37 (34.8; 40.1) | 37 (34.3; 40.3) n.s 30 (26.2; 34.1)*| 30.1(26.1; 35.2) n.s
Total bilirubin, mg/dL

Bunupy6un o6mmnii, 1.2 (0.8; 1.5) 1.1 (0.8; 1.6) n.s 2.2 (1.4; 3.5 | 2.4(1.5; 4.1) n.s
Mr/ 1

INR 1.3(1.17; 1.38) | 1.13(1.06; 1.20) |  n.s 1.28 (1.16; 1.49) | 1.26 (1.16; 1.42) e
MHO . . ) L. . . ) L. . . .10, 1. . .19, 1. .
Fibrinogen, g/L 2.72 (2.13; 3.21) | 2.87 (2.49; 3.28) n.s 2.4 (1.93; 3.04) | 2.32(1.89; 3.03) n.s

Note: the data is presented as counts and percentages, n (%), or as a median and interquartile range, Me (25th and 75th per-

centiles; 25 %; 75 %).

*p < 0,05 in comparison of classes B/C and A.

n.s. — not significant, EVL — endoscopic variceal ligation, DM — diabetes mellitus, CHD — coronary heart disease, GD —
gallstone disease, INR— international normalized ratio, NLR- neutrophil-to-lymphocyte ratio, PLR — platelet-to-lymphocyte
ratio, SII — systemic inflammation index.
[IpuMeyanue: JaHHbIE MPEACTABAEHDl B Bi/ie aGCOMIOTHOIO YUC/Ia HALMEHTOB 1 01U OT obuiero unucaa, 7 (%) au6o B Bue MeAUaHbl
U MHTEPKBAPTUILHOrO pasMaxa Me (25-if, 75-i1 1pouenTim).
@ p < 0,05 npu cpasuennn knaccos B/C u A.
n.s. — not significant, we smaunmo, BPB — Bapukosnoe pacumpenue Ben (mmuesoga/xenyaka), DJI — sHIOCKOIHMUECKOE
sruposanue, Y3U — yabrpasBykosoe uccaenosanue, C/I — caxapubpiii fuader, UBC — umiemuveckast 6osesub cepana, JKKB —
sKemuHOKaMenHast 6osesip, MHO — wmexaynapoanoe HopMaiu3oBanHoe ornomrexne, HJIW — welitpoduabHO-uMbOITapHbrit
unzexe, TJI — tpomGonntapuo-mmdorurapupiii uugexc, UCB — uHIeKC cCuCTeMHOTO BOCTIATEHIS.

Table 2. Variables in the logistic regression equations for Child—Pugh class A

Tabauya 2. TlepeMeHHbIe B ypaBHEHUSIX JIOTHCTHYECKON perpeccun st knacca A no Child—Pugh

|9 % confidence
Variable Coefficient B (())T(iﬂ)s 11;2131(:3 usl)iiser(;al p-value “g;ﬂbtﬂeft
ITepemennast Koadpdument B AHCOB /:lonepme;)lbnblﬁ 3uavyenue p Tecr
HHTEPBA
Model 1:
Moodenv 1:
Any interventions on varices
Bee Buenmaresbersa o nosoxy BPB 2.3 9.98 2.57—38.76 <0.001 11.03
Portal vein diameter, mm
BopoTHast BeHa, auamerp o Y3U, v 0.7 2.03 1.43—2.87 <0.001 15.7
Model 2:
Modenv 2:
ﬁz;ﬁs 2.5 12.12 1.58—92.93 0.016 5.77
Xgﬁﬁﬁ?ﬁféﬁﬁﬁ‘ﬂ? 5PB 3.4 29.22 3.95-216.04 | <0.001 10.9
Portal vein diameter, mm
B maE, e o Yl i 0.89 2.44 1.62—3.66 <0.001 18.46
3 9

o 0.9 2.45 1.19-5.04 0.015 5.93
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Fig. 2. ROC curves for Child—Pugh Class A
Puc. 2. ROC-kpussbie mist kaacca A o Child—Pugh

common in the case group than in the control group,
and DM also tended to a higher frequency in the
case group (p = 0.097) (Table 2).

Local factors were diagnosed statistically signifi-
cantly more often in the case group than in the con-
trol group (OR 3.8; 95 % CI 1.4—10.0; p < 0.01).
Among them, abdominal surgeries, performed within
3 months before the diagnosis of PVT, predominated
in the PVT group, and current exacerbation of IBD
or Clostridium difficile infection predominated in
the control group.

In 23.8 % of patients in the case group and 6.3 %
in the control group, malignant tumors were newly
diagnosed simultaneously with PVT (OR 4.6; 95 %
CI 2.2-9.5; p < 0.001), HCC accounted for most of
them (83—85 %) in both groups. Among the other
tumors diagnosed simultaneously with PVT, colorec-
tal cancer was diagnosed in one patient in the case
group and one in the control group, breast cancer
and uterine cancer were diagnosed in two patients in
the case group. Prostate cancer was diagnosed two
months before inclusion in the study in one patient
in the control group.

The JAK2 (V617F) mutation was detected in
one patient with PVT, splenomegaly, hypersplenism,
and minimal degree of varices and very high spleen
stiffness according to elastography, and on the basis
of bone marrow examination, myeloproliferative di-
soder (MPD) such as masked polycythemia vera was
newly diagnosed.

Laboratory parameters

No differences in red blood cell, platelet and
white blood cell counts were found between the

groups. There was a lower level of lymphocytes and
higher NLR, PLR and SII in the case group (Table
1).

As in patients with class A, there were no differ-
ences in the level of total protein, albumin, total bil-
irubin, INR, fibrinogen between the case and control
groups of patients with class B/C.

Logistic regression and ROC analysis

Two predictive models with good quality indica-
tors were selected for the B/C class (Table 3). Both
models included three identical variables: PV diam-
eter, spleen length, and presence of local factors/
malignant tumors. The first model was supplemented
with the variable ”all interventions on varices”. The
model accuracy was 72.9 %, sensitivity was 74.3 %,
specificity was 72.2 %, and AUC was 0.783.

In the second model, ascites was included as the
fourth factor, and the sensitivity of the model was
73.3 %, specificity was 68.3 %, accuracy was 69.9 %,
and AUC was 0.789 (Fig. 3). The local factors/ma-
lignant tumors and the PV diameter had the highest
Wald test and OR in both models.

Comparison of Class A and B/C

When comparing the Child—Pugh scale param-
eters between Class A and B/C cases, statistically
significant differences were predictably found in
the frequency of ascites and HE, the concentration
of albumin and total bilirubin. At the same time,
INR did not differ between patients of classes A
and B/C.

Among other parameters, significant differences
were found in the level of red blood cells (lower in
patients with Class B/C) and frequency of malig-
nant tumors (higher in patients with Class B/C).

No differences were established between Class
A and B/C in terms of the duration and severity
of portal hypertension, frequency of comorbidities
and local factors, white blood cells and platelets
counts, systemic inflammation indices in patients
with PVT.

Discussion

When assessing the prevalence of PVT among all
patients in the presented study, it was 7.7 % (2011—
2021), which is 1.5 % higher than in our previous
study [5] covering 2006—2015 (no other similar stud-
ies in Russia could be found). This trend is consistent
with the results of international studies demonstrat-
ing an increase in the frequency of PVT in recent
years [8]. This may be due to several factors, in-
cluding increased awareness of PVT and improved
diagnostics, as well as an increase in the proportion
of patients with non-alcoholic fatty liver disease.

The prevalence of non-malignant PVT among pa-
tients with Child—Pugh Class A in our study was
estimated at 4.1 %, while in patients with Class B/C
it was 2.5 times higher and amounted to 10.4 %. These
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Table 3. Variables in the logistic regression equation for Child—Pugh class B/C
Tabauua 3. TlepeMeHHble B ypaBHEHUSIX JIOTUCTHYECKON perpeccrn st kiaacca B/C mo Child—Pugh

Fig. 3. ROC curves for Child—Pugh class B/C
Puc. 3. ROC-kpusbie mist kaacca B/C mo Child—Pugh
results are consistent with data from other studies,

which have shown approximately a twofold increase in
the frequency of PVT from Class A to Class B/C [3].

95 % confidence
g o Odds ratio interval Baaba-
o Kggcf)qu)ﬁlfagtxf | (D 95 %% e G
p 1 IIaHCOB JI0BEPUTEIbHbBIN P | wald test
UHTEPBaJ
Model 1:
Modenw 1:
Portal vein diameter, mm 0.3 135 1.17-1.55 <0.001 16.9
Bopornas Bena, muamerp no Y3, mm ) ) ) ) ) )
Local factors / malignant tumors
Jlokasbhbie hakTopbr / 1.7 5.37 2.71—10.66 <0.001 23.1
3JI0KAYECTBEHHBIE OIIYXOJIH
Spleen length, cm
Cenesenka, inimuK 1o Y3, o 0.1 1.15 1.03—1.28 0.012 6.36
Any interventions on varices
Bce BmemaresberBa 1o nososy BPB 0.7 2.01 1.04-3.89 0.037 4.4
Model 2:
Modenv 2:
Portal vein diameter, mm 0.3 133 115154 <0.001 14.78
Bopornas Bena, muamerp mo Y 3U, MM : : : : : :
Local factors / malignant tumors
Jlokambibie hakTopbr / 1.5 4.42 2.25—-8.70 <0.001 18.57
3JI0Ka4Y€CTBEHHbIE OITYyXOJIN
Spleen length, cm
Comegame, mummmms m S0, @0 0.2 1.18 1.06—1.31 0.003 9.09
ﬁmtes 0.9 2.49 1.18-5.24 0.017 5.74
CIUT
An increase in the frequency of PVT with a
change in the Child—Pugh class from class A to B/C
0 _'_r’_‘_,_.' = (or the development of decompensated cirrhosis) may
o be result from pathological mechanisms underlying
'_Ajr"'_ the progression of LC and simultaneously consti-
98 tuting the Virchow’s triad: portal hypertension and
’/-'rrr splanchnic vasodilation leading to decreased blood
2 o flow velocity in the PV, bacterial translocation caus-
> 8 %67 ing endothelial damage, as well as an imbalance be-
23 el tween physiological pro- and anticoagulants.
Sz { Mol 3 For all studied classes, the duration of portal
7 g 044 Ilf Mogens 2 hypertension in patients with PVT was statistical-
7 ly significantly longer than in control groups. This
is consistent with prospective studies showing that
0.2 the incidence of PVT increases with the duration of
history of Child—Pugh class A/B LC: the frequency
of PVT is 1.6—4.6 % by the end of the first year of
0.0 ; : . i follow-up, 6.0—8.2 % by the third year, 8.4—10.7 %
w o O oy o Y9 by the fifth year [9, 10].
1—CneLTV|¢MqHZCTb Both in class B/C and in class A, the course of
portal hypertension in patients with PVT was more
often complicated by variceal bleeding, recurrent

bleeding, and interventions. Endoscopic ligation
was the most frequent of them. These variables were
shown as risk factors of PVT in retrospective studies
of cirrhotic patients, who were on the waiting list for
liver transplantation [11, 12]. During the multivari-
ate analysis for Child—Pugh class A, one of the best
logistic regression models included variceal bleed-
ing (OR 29.22; 95 % CI 3.95—216.04), and another
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included interventions on varices (OR 9.98; 95 % CI
2.57—38.76). These results suggest that the severity
of portal hypertension is also a key risk factor of
PVT for patients with compensated LC.

At the time of the study, portal hypertension had
more pronounced manifestations in the PVT group
for both class A and B/C, the proportion of pa-
tients with ascites, the PV diameter and the sever-
ity of splenomegaly were higher in the case group.
Other studies have also shown that the PV diame-
ter and large portosystemic collaterals are risk fac-
tors of PVT [13, 14]. In one of the studies, a cutoff
point with predictive value for PVT of 12.5 mm was
proposed for the PV diameter in patients with class
A/B (AUC 0.88) [15]. In our study, the cutoff point
was 13.4 mm for both class A and B/C (AUC 0.788
and 0.711, respectively).

The increase of PV diameter is an indirect indica-
tor of a decrease in blood flow velocity in cirrhotic
patients. In a prospective study by M.A. Zocco et al.
[16] observed patients with cirrhosis for one year
and proposed a linear velocity of blood flow in the
PV of 15 cm/s as a threshold value for the risk of
developing PVT. Subsequent studies have yielded
conflicting data, with some confirming this value [9,
17] and others not [10]. F. Nery et al. [10] also note
limitations of the reproducibility of PV blood flow
velocity measurements depending on the equipment
and operator. It is likely that the actual decrease in
blood flow velocity in a specific patient is a more
significant risk factor of PVT than the determination
of threshold values. Indirect confirmation of this is
the effectiveness of increasing portal blood flow ve-
locity in restoring the patency of thrombosed PV and
reducing the number of variceal recurrences after in-
trahepatic portosystemic shunt procedures [18, 19].

Recent studies have shown that patients with LC
have higher concentrations of endotoxins (lipopoly-
saccharides (LPS)) and endothelial microparticles
in the portal circulation compared to the systemic
circulation, indicating predominantly endothelial
damage in the PV [20]. At the same time, elevated
concentrations of von Willebrand factor and factor
VIIT were detected in the PV, which were directly
correlated with LPS levels [21].

Circulation of endotoxins in the blood increases
the risk of thrombosis due to several factors. On the
one hand, endotoxins activate tissue factor, trigger-
ing the extrinsic pathway of blood coagulation, re-
sulting in increased levels of thrombin in the portal
and systemic circulation [22]. On the other hand,
endotoxins increase the NO production, worsening
splanchnic vasodilation and further decreasing PV
blood flow velocity [22]. Finally, endotoxins affect
the endothelial cells of liver sinusoids, leading to in-
creased synthesis of factor VIII and von Willebrand
factor, decreased thrombomodulin activity and con-
tributing to the platelet activation [23, 24].

In our study, no differences were found between
the case and control groups in terms of platelet

count, INR, and fibrinogen levels for patients with
cirrhosis class A, as well as B/C. Previous studies
have also not found a link between these parameters
and the development of PVT, which does not allow
them to be used in real clinical practice as prognostic
markers of PVT [3].

When considering portal hypertension as a key
mechanism for the development of PVT in cirrhotic
patients, it is important to note that a decrease in
its degree and an increase in blood flow velocity,
especially after transjugular intrahepatic portosys-
temic shunt procedure, is not accompanied by PV
recanalization in one-third of patients [19]. This may
be due to the preservation of prothrombotic factors:
an imbalance between pro- and anticoagulants and
platelet activation even with reduced numbers. One
of the reasons for platelet activation can be inflam-
mation associated with LPS, the concentration of
which is increased in PV during portal hypertension
and bacterial translocation [25]. Recent data have
shown that low-grade systemic inflammation, endo-
toxemia caused by changes in the gut microbiome
and increased intestinal permeability in LC, may be
associated with PVT through different mechanisms
such as increased NO synthesis and decreased portal
blood flow, increased secretion of factor VIII, von
Willebrand factor, tissue factor, neutrophil extracel-
lular traps, eicosanoids, and increased activity of the
coagulation system [26].

The assessment of inherited and acquired throm-
bophilias was not performed in our study. According
to the results of the meta-analysis by X. Qi et al.
[27], the link between the deficiency of natural
anticoagulants synthesized in the liver (proteins C
and S, antithrombin) and the development of PVT
in cirrhotic patients has not been established. The
question of the role of inherited thrombophilias
(prothrombin G20210A gene mutation and factor
V Leiden mutations) in the development of PVT in
patients with LC remains controversial. Although
several meta-analyses have shown an association be-
tween these thrombophilias and the risk of PVT in
cirrhotic patients, all of these meta-analyses had bi-
ased results due to the quality of the included stud-
ies [28]. Currently, there are no recommendations
on the need to screen all patients with cirrhosis and
PVT for inherited thrombophilias [29].

Local factors (primarily abdominal surgeries)
were more frequently detected in patients with Class
B/C and PVT than in controls (OR 3.8; 95 % CI
1.4—10.0; p < 0.01). Major studies separately eval-
uating these factors in PVT patients could not be
found in the literature. In a large retrospective co-
hort study, abdominal surgeries and invasive proce-
dures including endoscopic ligation and sclerothera-
py were found to be independent predictors of PVT
in hospitalized patients with LC (OR 2.03; 95 % CI
1.56—2.64, p < 0.0001) [30].

Besides cirrhosis, malignant tumors, mainly
HCC, as well as other gastrointestinal cancer, are
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considered significant risk factors for splanchnic vein
thrombosis [31]. In the study by S. Handa et al.
[32], the prevalence of gastrointestinal cancer among
patients hospitalized for splanchnic vein thrombosis
was 10 %, of which HCC was 5 %, pancreatic cancer
was 2.9 %, and colorectal cancer was 1.6 %. The risk
of developing new tumors in these locations is esti-
mated to be twice as high in patients with LC as in
the general population [33, 34].

In our study, malignant tumors diagnosed si-
multaneously with PVT were one of the significant
risk factors for developing PVT in patients of class
B/C (OR 4.6; 95 % CI 2.2-9.5; p < 0.001). Among
all tumors, non-invasive HCC accounted for 83 %.
In the study by A. Zanetto et al. [35], the frequency
of PVT associated with HCC was 24.4 %, with half
of these patients having Child—Pugh class A, allow-
ing the authors to consider these patients similarly
to class B/C, as a risk group for PVT. In our study,
only one patient with HCC was diagnosed simulta-
neously with PVT in class A patients, and no differ-
ences were observed between cases and controls. In
addition to PVT, three patients of class B/C were
diagnosed with other malignant tumors such as col-
orectal cancer, breast cancer, and uterine cancer. The
mechanism of cancer-associated thrombosis in HCC
and other malignant tumors is associated with tissue
factor production, thrombocytosis, systemic inflam-
mation, increased extracellular microvesicles, and
neutrophil extracellular traps [36].

It is well known that one of the most common
risk factors for PVT in patients without cirrhosis is
MPDs, which can be combined with cirrhosis. In our
study, among all groups, only one patient with class
B/C was diagnosed with MPD (masked polycythe-
mia vera) simultaneously with PVT, thus, the fre-
quency of MPDs was 0.7 %. Comparable data were
obtained by J.I. Fortea et al. [37] when studying
thrombophilic factors in patients with cirrhosis and
PVT, the frequency of MPD was low and amounted
to 1.3 % (1 out of 77 patients). It should be noted
that hypersplenism and hemodilution, which occur
in LC, make standard MPDs criteria inapplicable,
mask the disease, and hinder diagnosis. Molecular
diagnostic methods, such as JAK2 (Janus kinase 2),
CALR (calreticulin), and MPL (myeloprolifera-
tive leukemia virus oncogene) gene mutation anal-
ysis, can help in diagnosing MPDs. Despite the
absence of erythrocytosis and/or thrombocytosis
in patients with portal hypertension and hyper-
splenism, the development of MPD contributes
to PVT through the prothrombotic phenotype of
tumor blood cells, their secretion of procoagulant
cytokines, chronic inflammation, and endothelial
damage and dysfunction [31].

When comparing laboratory parameters among
patients with class A and those with class B/C, the
level of NLR was higher in the group with PVT,
and the concentration of neutrophils was included
in the predictive model of PVT for LC class A in

our study. Given that patients differed statistically
significant in the degree of portal hypertension in
the case and control groups, it can be assumed that
NLR are also associated with the degree of portal
hypertension. An increase in the level of NLR may
reflect the presence of a low-grade systemic inflam-
matory phenotype in patients with PVT [38], which
is realized, including through the concentration of
bacterial endotoxins (LPS) in the PV, which con-
tributes to thrombosis [39].

Considering the association of PVT with increased
levels of systemic inflammatory markers, NLR, PLR,
SII, and monocyte-to-lymphocyte ratio have been
proposed as available clinical indices. Several stud-
ies have shown a positive correlation between the
NLR level and the development of LC decompensa-
tion [40, 41], and in some studies, the association of
all indices with the development of PVT [42] was
established. In our study, compared to the control
the association with PVT was demonstrated in class
A and B/C for NLR and in classes B/C for PLR
and SII.

Among cirrhotic patients with class B/C, CHD
and GD were more common in case group than in the
control. Studies assessing the frequency of these dis-
eases in cirrhotic patients and PVT were not found.
In the meta-analysis by J. Li et al. [43], an increased
risk of PVT by 3.6 times was shown in the presence
of hypercholesterolemia in patients with LC, which
can be cautiously assumed as a potential risk factor
for CHD and GD in our study (we did not include
the cholesterol level in the analysis due to the large
number of missing values).

At the same time, it is well known that the fre-
quency of GD in cirrhotic patients is 2-4 times higher
than in the population, and in our study, its fre-
quency was 43 %, which is consistent with the data
of other studies [44]. The increase in the incidence
of GD in cirrhosis is associated with several mech-
anisms, one of which is portal hypertension [45],
which was most pronounced in patients with PVT.
Therefore, we consider the high frequency of GD in
the group of patients with class B/C and PVT com-
pared to the control group as a consequence of the
severity of LC and portal hypertension, rather than
as an independent risk factor for PVT.

Two studies published in 2022 (a meta-analysis
and one of the largest retrospective cohorts) showed
an increased risk of developing PVT in patients
with DM by 1.7—1.8 times, which is associated with
chronic inflammation, contributing to systemic endo-
thelial dysfunction and hypercoagulability [30, 43].
In our study, there were no significant differences
in the frequency of DM between cases and controls,
although there was a tendency towards a higher fre-
quency in patients with PVT and class B/C .

The limitations of the study include a relatively
small number of observations, a retrospective design,
and the inclusion of only hospitalized patients. We
minimized the risk of systematic errors by carefully
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analyzing primary medical documentation, conduct-
ing stratified randomization based on demographic
characteristics and etiology of LC, including vari-
ables with less than 5 % missing data, replacing
missing data with the mean in subgroups based on
age and etiology of liver disease, and dividing the
samples into training and test sets to evaluate the
quality of the model.

As directions for further research, prospective
studies could be considered to study the phenotype
of low-grade systemic inflammation as a risk factor
for PVT, its association with bacterial translocation,
and other complications of LC.
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