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Portal venous system thrombosis (PVST) is a life-threatening complication of liver cirrhosis. We conducted a
retrospective study to comprehensively analyze the prevalence and risk factors of PVST in liver cirrhosis.

All cirrhotic patients without malignancy admitted between June 2012 and December 2013 were eligible if they
underwent contrast-enhanced CT or MRI scans. Independent predictors of PVST in liver cirrhosis were calculat-
ed in multivariate analyses. Subgroup analyses were performed according to the severity of PVST (any PVST,
main portal vein [MPV] thrombosis >50%, and clinically significant PVST) and splenectomy. Odds ratios (ORs)
and 95% confidence intervals (Cls) were reported.

Overall, 113 cirrhotic patients were enrolled. The prevalence of PVST was 16.8% (19/113). Splenectomy (any
PVST: OR=11.494, 95%Cl=2.152-61.395; MPV thrombosis >50%: OR=29.987, 95%Cl=3.247-276.949; clin-
ically significant PVST: OR=40.415, 95%C|=3.895-419.295) and higher hemoglobin (any PVST: OR=0.974,
95%C1=0.953-0.996; MPV thrombosis >50%: OR=0.936, 95%CI=0.895-0.980; clinically significant PVST: OR=0.935,
95%C1=0.891-0.982) were the independent predictors of PVST. The prevalence of PVST was 13.3% (14/105) af-
ter excluding splenectomy. Higher hemoglobin was the only independent predictor of MPV thrombosis >50%
(OR=0.952, 95%CI=0.909-0.997). No independent predictors of any PVST or clinically significant PVST were
identified in multivariate analyses. Additionally, PVST patients who underwent splenectomy had a significant-
ly higher proportion of clinically significant PVST but lower MELD score than those who did not undergo sple-
nectomy. In all analyses, the in-hospital mortality was not significantly different between cirrhotic patient with
and without PVST.

Splenectomy may increase by at least 10-fold the risk of PVST in liver cirrhosis independent of severity of liv-
er dysfunction.
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Background

Portal venous system thrombosis (PVST) refers to the forma-
tion of a thrombus within the intrahepatic portal vein branches,
main portal vein (MPV), splenic vein (SV), and superior mesen-
teric vein (SMV) [1,2]. Given the relatively high prevalence and
negative prognostic impact of PVST in liver cirrhosis [3-6], un-
derstanding the risk factors of PVST is important to optimize
the prevention strategy in clinical practice.

Portal vessel wall injury caused by splenectomy may be
one of the most important local risk factors of PVST [7-15].
Numerous studies confirmed that the incidence of PVST after
splenectomy was up to about 50% [15]. Notably, splenecto-
my is widely used for the treatment of cirrhotic portal hyper-
tension and hypersplenism in China [16], but not in the West.
However, few studies have explored the extent to which the
risk of PVST is increased by splenectomy in liver cirrhosis. On
the other hand, factor V Leiden and prothrombin G20210A
mutations are the major systemic risk factors of PVST in liver
cirrhosis [17]. Notably, these 2 gene mutations are frequent-
ly observed in Western populations [18], but rarely in Chinese
populations [19,20]. Taken together, the distribution of risk
factors of PVST in liver cirrhosis may be largely different be-
tween Western countries and China.

Herein, we analyzed the prevalence and risk factors of PVST
in a retrospective cohort of Chinese patients with liver cirrho-
sis based on contrast-enhanced computed tomography (CT)
or magnetic resonance imaging (MRI) scans. Additionally, the
effect of PVST on the in-hospital mortality of liver cirrhosis
was explored.

Material and Methods

Patients

All patients with a diagnosis of liver cirrhosis who were admit-
ted to our hospital between June 2012 and December 2013
were retrospectively reviewed in this study. At our hospital,
the diagnosis of liver cirrhosis was made according to the his-
tory of chronic liver diseases, clinical symptoms (i.e., decom-
pensated events) and signs, laboratory tests (i.e., liver function
and coagulation tests), and abdominal images (i.e., liver and
spleen morphology). If necessary, liver biopsy was performed.
All eligible patients underwent contrast-enhanced CT and/or
MRI scans to evaluate the patency of portal venous system
vessels. Malignancy was excluded. The study protocol was ap-
proved by the Medical Ethics Committee of our hospital, ap-
proval number (k2014)07.

CLINICAL RESEARCH

Clinical and laboratory data

As previously mentioned, our study group had continuously
collected the data of cirrhotic patients from our hospital [21-
26]. Some of them had been included in our previous studies.
The primary data were as follows: age, sex, etiology of liver cir-
rhosis, other diseases, previous history of surgery, abdominal
trauma, main clinical presentations (i.e., acute upper gastro-
intestinal bleeding [AUGIB], ascites, and hepatic encephalop-
athy [HE]), red blood cell (RBC), hemoglobin (Hb), white blood
cell (WBC), platelet count (PLT), total bilirubin (TBIL), albumin
(ALB), alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), gamma-glutamyl transpeptidase (GGT), blood urea
nitrogen (BUN), creatinine (Cr), potassium, sodium, prothrom-
bin time (PT), activated partial thromboplastin time (APTT), and
international normalized ratio (INR). Notably, the major indica-
tions for splenectomy with or without portal azygous devascu-
larization in our patients were splenomegaly and hypersplen-
ism and prevention of portal hypertension-related bleeding.
Endoscopic examinations, if any, were reviewed. Severity of
esophageal varices at endoscopy was evaluated [16]. Several
scores/indexes related to the prognosis of liver diseases were
also calculated, including Child-Pugh [27], model for end-stage
of liver disease (MELD) [28], AST to PLT ratio index (APRI) [29],
AST to ALT ratio (AAR) [30], FIB-4 [31], fibrosis index (FI) [32],
and King scores [33].

Imaging data

Extension of portal venous system vessels referred to the left
portal vein branch (LPV), right portal vein branch (RPV), MPV,
SV, and SMV. Degree of MPV thrombosis was divided into
mural (thrombus occupation <50%), partial (thrombus occu-
pation »>50%), total (thrombus occupation=100%), and oblit-
erative (MPV became fibrotic cord) [34]. Cavernous transfor-
mation of the portal vein (CTPV) was also identified. Clinically
significant PVST was defined as any 1 of the following condi-
tions: 1) partial MPV thrombosis with SMV thrombosis; or 2)
total MPV thrombosis with or without SMV thrombosis [35].
Additionally, the maximal diameters of spleen, SV, and MPV,
and ascites were also evaluated.

Data analysis

Continuous data were expressed as mean + standard devia-
tion (SD) and median (range) and were compared by the in-
dependent-sample t test. Categorical data were expressed as
frequency (percentage) and were compared by the chi-square
test or Fisher's exact test. Comparative analyses were per-
formed according to the severity of thrombosis (PVST versus
no PVST, partial and total MPV thrombosis versus mural MPV
thrombosis and patency, and clinically significant PVST ver-
sus no clinically significant PVST). Comparative analyses were
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further performed after excluding patients who underwent
splenectomy. All variables that were statistically significant in
the univariate analyses were also entered into the multivar-
iate logistic regression analyses. Odds ratios (ORs) with 95%
confidence intervals (Cls) were calculated to express the as-
sociation of different variables with PVST. Clinical, laboratory,
and imaging data were also compared between PVST patients
with and without splenectomy. P value <0.05 was considered
statistically significant. All statistical analyses were performed
using SPSS statistical software version 16.0.0.

Results

Patients

A total of 113 cirrhotic patients were included in our study.
Patient characteristics are shown in Table 1. A majority of pa-
tients were male (66.4%) and had Child-Pugh class A and B
(79.6%). Major etiologies of liver cirrhosis were hepatitis B
virus and alcohol abuse. The prevalence of PVST was 16.8%
(19/113). MPV thrombosis was observed in 12.4% (14/113) of
patients, including mural (n=5, 4.4%), partial (n=6, 5.3%), and
total (n=3, 2.7%) thrombosis. Eight (7.1%) patients had a his-
tory of splenectomy. Characteristics of patients without sple-
nectomy are shown in Supplementary Table 1. After exclud-
ing splenectomy, the prevalence of PVST was 13.3% (14/105).

Risk factors in all patients
PVST

Patients with PVST had significantly higher proportions of sple-
nectomy and severe esophageal varices, lower RBC, Hb, ALB,
and sodium, and higher Fl score than those without (Table 2).
Only Hb, but not RBC, was entered into the multivariate anal-
ysis, because there was a collinearity between RBC and Hb.
The statistical significance was observed as esophageal vari-
ces were categorized into 4 grades, but disappeared as it was
categorized into 2 grades. Thus, this variable was not entered
into the multivariate analysis. Because ALB was 1 component
of the Fl score, Fl score was not entered. Finally, splenectomy
(OR=11.494, 95%C(I=2.152-61.395, p=0.004) and higher Hb
(OR=0.974, 95%Cl=0.953-0.996, p=0.019) were the indepen-
dent predictors of PVST.

MPV thrombosis 5>50%

Patients with MPV thrombosis >50% had a significantly higher
proportion of splenectomy and lower RBC and Hb than those
without (Table 3). Severity of liver dysfunction was not sig-
nificantly different between them. Only Hb, but not RBC, was
entered into the multivariate analysis, because there was a
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collinearity between RBC and Hb. Finally, both splenectomy
(OR=29.987, 95%(|=3.247-276.949, p=0.003) and higher Hb
(OR=0.936, 95%Cl=0.895-0.980, p=0.004) were the indepen-
dent predictors of MPV thrombosis >50%.

Clinically significant PVST

Patients with clinically significant PVST had significantly higher
proportions of splenectomy and ascites and lower RBC and Hb
than those without (Table 4). Only Hb, but not RBC, was entered
into the multivariate analysis, because there was a collinearity
between RBC and Hb. The statistical significance was observed
as ascites were categorized into 3 grades, but disappeared as
it was categorized into 2 grades. Thus, this variable was not
entered into the multivariate analysis. Finally, both splenecto-
my (OR=40.415, 95%CI=3.895-419.295, p=0.002) and higher
Hb (OR=0.935, 95%(I=0.891-0.982, p=0.007) were the inde-
pendent predictors of clinically significant PVST.

Risk factors after excluding splenectomy
PVST

After excluding splenectomy, patients with PVST had signifi-
cantly lower RBC, Hb, ALB, sodium, PT, APTT, INR, MELD score,
and Fl score, and higher Cr than those without (Table 5). Given
the potential collinearity among variables, only Hb and INR,
but not RBC or PT, were entered into the multivariate analy-
sis. Additionally, because Cr and INR were 2 components of
the MELD score, MELD score was not entered. Similarly, be-
cause ALB was 1 component of the Fl score, Fl score was not
entered. Finally, no variables were identified as independent
predictors of PVST.

MPV thrombosis >50%

After excluding splenectomy, patients with MPV thrombosis
>50% had significantly lower Hb and higher BUN than those
without (Table 6). Severity of liver dysfunction was not signif-
icantly different between them. In the multivariate analysis,
only Hb (OR=0.952, 95%CI=0.909-0.997, p=0.035) was an in-
dependent predictor of MPV thrombosis >50%.

Clinically significant PVST

After excluding splenectomy, patients with clinically significant
PVST had a significantly higher proportion of ascites, lower Hb,
and higher BUN and FI score than those without (Table 7). The
statistical significance was observed as ascites were catego-
rized into 3 grades, but disappeared as it was categorized into
2 grades. Thus, this variable was not entered into the multivar-
iate analysis. Because ALB was 1 component of the Fl score, Fl
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Table 1. Characteristics of all patients.

Variables N Values
Age (years) 113 55.15412.87; 55.18 (22.14-85.46)
 Sex (Male/Female)~n. s 75 (66.4%)/38 33.6%)
 Etiology of liver diseases—n. s
 —Hepatitis Bvirusalone 34 (%
 —Hepatitis Cvirusalone 7 ©2%
 —HepatitisB+Cvius 4 Gsw
© —Alohol 00 @6s%
© Hepatitis Bvirus + Alcohol o ®o%
© Hepatitis Cvirus + Alcohol 1 0%
© —Hepatitis B+ Cvirus + Alcohol 1 0%
© —Autoimmunity 6 3%
 —Drgrelated 2 as%
C —Unknown 0 7%
Disease history—n. o
 —Diabetes 5 3%
 —Coronary heart disease g8 7%
 —ischemicstoke 5 @a%
 Aderialhypertension o  ®o%
 —Deepveinthrombosis 1 0%
Surgeryhistory-n. o
 —sSplenectomy 8 7%
 —Appendicectomy 3 Q%
 —Gastricsurgery 2 as%
 —Colonicsurgery 1 0%
 —orthopedicsurgery 3 Q%
_ Abdominal trauma history =n. o 1 0%
© Acute upper gastrointestinal bleeding—n. s 19 (68w
| Ascitesat CTscans—n. s
N a9 @3a%
Coomid 30 (65%
 —Moderate-Severe 3 (Goaw
 Hepatic encephalopathy -n. 2 6  Gaw
 Esophageal varices at endoscopy —n. s
N 0 (o8%
Coomid 3 ©2%
 —Moderate 0 @os%
CoSsevere 5 (521%)
Redblood cell (10%/) 1o 330:088;3.36 (119-527)
Hemoglobin (/) 1o 105.15£30.48; 106.00 (42.00-170.00)
_ White blood cell (10°0) 1mo 5.1043.22; 440 (1.50-20.50)
Platelet count (10°0) 1o 101.37482.67; 75.00 (11.00-545.000
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Table 1 continued. Characteristics of all patients.

Variables N Values

Total bilirubin (umol/L) 112 46.79+69.82; 22.50 (5.10-436.50)

King score 109 115.744299.39; 43.31 (1.77-2589.47)

Portal vein system thrombosis

— Mural thrombosis (<50%) 113 5 (4.4%)
© —partial thrombosis (>50%) -n. o 6 (3%
 _Totalthrombosis (100%) —n. w 3 e
 Cavernous transformation of the portal vein—n. w s @a%w
Clinicaly significant PVST—n. w0 PR
 Maximal diameter of spleen (mm) 05 14027430.77; 138.20 (83.8-2409)
 Maximal diameter of splenic vein (mm) 05 1068+3.83; 103 43-296)
* Maximal diameter of main portal vein (mm) o 18.38+5.44;17.90 (0-354)
In-hospital mortality —n. . 4GS
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Table 2. Overall comparison between patients with and without PVST.

Variables 2t

Age (years) 19 53.14+12.21 94 55.56+13.02 0.457
 Sex (Male/Female)-n. 19 13 (68.4%)/6 (31.6%) 94 62(66%)/32(34%) 0836
Etiology of liver diseases—n. v 4 0916
© —Hepatitis Bvirusalone 5 (263%) 29  (309%)
© _Hepatitis Cvirusalone 1 (3% 6  (64%)
 —HepatitisB+Cvius 1 (53%) 3 @G2%)
~ —Alohol 5 @3% 24 (@66
© —Hepatitis Bvirus + Alcohol 3 (158%) 6  (64%)
© —Hepatitis Cvirus + Alcohol o o» 1 @
 —Autoimmunty 1 (s3%) 5 (3%
 —Drugrelated N N
~ —Unknown 3 (@s8% 17 (181%)
 Disease history—n. v 4
 —Diabetes 3 (@s8%) 12 (128%) 0723
 —Coronary heart disease o ©» 8 @5 0.187
 —lschemicstoke 1 (63%) 4 @3%) 0846
© Arterial hypertension o ©®» 9 96% 0.160
 _Deepveinthrombosis 0 (©% 1 (1% 0652
Surgery history—n. I 4
 —Splenectomy 5 (63% 3 (32%  <0.001
 —Appendicectomy o ©» 3 G2 1000
. —Gastricsurgery o ©» 2w 1.000
 —Colonicsurgery o ©» 1 @ 1.000
~ —oOrthopedic surgery o ©» 3 G2 1000
* Abdominal trauma history -=n. 9 o % 4 1 (1% 0652
© Acute upper gastrointestinal bleeding—n. 19 3 (158%) 94 16 (170%) 0896
| Ascites at CTscans—n. v 4 0.068
-No 5 @3 a4 (468%)
Co-mid o @ 21 Q3%
© —Moderate-Severe 5 (3% 29  (309%)
 Hepatic encephalopathy —n. 19 2 (105%) 03 4 @3%) 0272
 Esophageal varices at endoscopy —n. o 8 0047
N o s 0 (263%
Co-md 2 @o®»n 1 s
 —Moderate 1 (@o%» 9 @3%
 —Severe 7 @ow 18 @74%
Redblood cell (10/1) 18 2861064 2 3491088  0.004
 Hemoglobin /) 18 843942689 92 10021:2959  0.001
_ White blood cell (10°) 18 5244307 2 5.08£326 0844
 Platelet count (10°1) 18 1103310215 | 2 996247885 0617
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Table 2 continued. Overall comparison between patients with and without PVST.

Variables 2tk

Total bilirubin (umol/L) 19 55.52497.61 93 45.0163.23 0.552
CAbumin@y v 20414664 92 32874639 0035
© Alanine aminotransferase (U/L) v 49.84+5883 93 52136246 0.884
 Aspartate aminotransferase (U/L) v 637445591 3 763110229 0.605
© Alakaline phosphatate (U/) 19 13292¢12427 93 11842¢77.88 0.510
© Gamma-glutamyl transpeptidase (U/L) 19 13211%18547 93 15951#22233 0.617
 Blood urea nitrogen (mmol/l) 18 620£330 92 561£242 0377
Creatinine (umoll) 8 65.06£2690 92 57.64+19.60 0171
Potassium (mmolt) 18 404:046 2 4.04:046 0.954
*sodium (mmol) 18 13503+1343 92 13866$350  0.025
* Prothrombin time (seconds) 8 1871¢1139 3 15.73+477 0.068

éici‘;itj; partial thromboplastin time 18 49.36+33.45 93 43.63+9.87 0.168
International normalized ratio 8 168160 93 127054 0.052
 Child-Pugh score 18 828+1.74 0 7.48+2.06 0.126
 Child-Pugh class AB/C 18 4(22.2%)/9 (50.0%)/5 27.8%) 90 36 (40%)/36 (40%)/18 (20%) 0.356
 MELD score 18 7944870 0 55346.54 0.181
© APRIscore 8 2212207 92 3204647 0.487
 AARscore v 116£220 3 130154 0.740
FB4score 8 7394504 92 9.25¢10.13 0.451
CHAscore 18 2219+7.05 91 2596653  0.029
Kingscore 18 10093:21890 91  11867#31378 0.820
© Maximal diameter of spleen (mm) 14 153.19437.98 91  138.28£2925 0.092
* Maximal diameter of splenic vein (mm) 14 11.05:4.44 o1 1063:3.76 0.703

?fnar):]i)mal diameter of main portal vein 19 17.68+6.86 94 18.5245.13 0.542
" In-hospital mortality —n. v 1 3% 94 3 G2%) 0.656

Table 3. Overall comparison between patients with and without MPV thrombosis >50%.

MPV thrombosis MPV thrombosis <50% and
Variables MPV patency
N
Age (years) 9 57.68+13.95 104 54.93+12.82 0.542
 Sex (Male/Female)—n. °o 5 (55.6%)/4 (44.4%) 104 70 (67.3%)/34 (327%) 0474
Etiology of liver diseases —n. °o 04 0740
© —Hepatitis Bvirusalone 2 (22%) 32 (G0s%
 —Hepatitis Cvirusalone o ©o» 7 e
 —HepatitisB+Cvius 1 (%) 3 Q%
© —Alcohol 2 @2% 28 (69%)
© —Hepatitis Bvirus + Alcohol 2 @22%) 7 ©1%)
© —Hepatitis Cvirus + Alcohol o ©» 1 @ow
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Table 3 continued. Overall comparison between patients with and without MPV thrombosis >50%.

MPV thrombosis MPV thrombosis <50% and
Variables MPV patency

— Autoimmunity 0 (0%) 6 (5.8%)

 —Drugrelated o ©» 2 %
~ —Unknown 2 @2% 18 (173%)
 Disease history—n. °o w04
 —Diabetes 2 @2% 13 (125%) 0410
© —Coronary heart disease o ©%» 8 @1 0388
 —lschemicstoke 1 Q% 4 a6%) 0309
© —Arterial hypertension o % 9 ®1%) 0358
 —Deepveinthrombosis o ©%» 1 (1% 0768
Surgeryhistory-n. °o 04
 —Splenectomy 4 @as% 4 (8% <0.001
 —Appendicectomy o ©» 3 Q%% 0.606
. —Gastricsurgery o ©%» 2 19%) 0675
 —Colonicsurgery o ©0%» 1 @1o% 0768
~ —oOrthopedic surgery o ©%» 3 Q%% 0.606
* Abdominal trauma history =n. °o o 0% 104 1 (10%) 0768
© Acute upper gastrointestinal bleeding—n. 9 1 (111%) 104 18 (173%) 0633
| Ascites at CT scans—n. °o 04 0.065
N w48 (462%)
Co-md 5 (5% 25 (40%)
 —Moderate-Severe 3 (333%) 31 (08%)
 Hepatic encephalopathy —n. °o o ©0%» 103 6 (8% 0457
 Esophageal varices at endoscopy —n. 72N s 0057
N I 0 (44%
Co-md o ©o» 3 @3
 —Moderate o ©» 10 (44%)
 —Severe 7 @o%» 18 @39%)
Redblood cell (10/1) °o 2708037 01 3456088 0013
Hemoglobin (/) °o 702241285 101 1082612066  <0.001
_ White blood cell (10°0) °o 4704317 01 5148323 0698
Platelet count (10°) o  13633:12215 01 982617833 0.187
Totalbilirubin (umol/l) °o 177761502 103 493347215« 0.195
Abumin@y) °o 29945721 102 3248+647 0.266
* Alanine aminotransferase (U/L) °o 283312681 103 5379:6342 0236
 Aspartate aminotransferase (U/L) °o 39.1114324 103 77.2419874 0255
 Alakaline phosphatate (U/L) °o 748244270 103 124.90:8878 0.098
_ Gamma-glutamyl transpeptidase (W) 9 33782330 103 16544222209 0079
' Blood urea nitrogen (mmol/l) °o 643:457 01 5648235 0380
 Creatinine umol/l) °o 56.24+1584 101 59.08+21.45 0.699
Potassium (mmoll) °o 4012035 01 405:047 0842
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Table 3 continued. Overall comparison between patients with and without MPV thrombosis >50%.

MPV thrombosis MPV thrombosis <50% and
Variables MPV patency

Sodium (mmol/L) 9 138.64+2.85 101 138.02+6.54 0.778
 Prothrombin time (seconds) °o 1578£3.02 102 16258657 0832

'(AS?C“(I):[;:) partial thromboplastin time 9 39.2247.22 102 45.03+£16.59 0.302
International normalized ratio °o 1281033 102 1341084 o 0824
 Child-Pughscore °o 7676141 %9 761£207 0932
| Child-Pugh class A/B/C O 2(222%)/6 (66.7%)/1 (11.1%) 99 38 (38.4%) 39 (39.4%)/22 (22.2%) 0.282
 MELDscore °o 311558 9 619:7.03 0.205
APRIscore °o 1145092 01 3208621 0303
AARscore °o 048:031 103 1345171 o 0543
FB-4score °o 5374389 01 926:978 0240
CFlscore ° 23314763 100  -2552¢666 0348
Kingscore °o 342612862 100 123.08:31155 039
© Maximal diameter of spleen (mm) 5 15850:4802 100 1393622073 0176
© Maximal diameter of splenic vein (mm) 5 11748404 100 1063:384 0530

?&an);i)mal diameter of main portal vein 9 18.64+8.98 104 18.36+5.09 0.881
in-hospital mortality —n. °o o 0% 104 4 (8% 0549

Table 4. Overall comparison between patients with and without clinically significant PVST.

v Clinically significant PVST No clinically significant PVST
N

Age (years) 8 58.47+14.69 105 54.90+12.76 0.451
 Sex (Male/Female)-n. s 4 (50%)/4 (50%) 105 71(67.6%)/34 (324%) 0309
Etiology of liver diseases—n. s 0s 0595
© —Hepatitis Bvirusalone 2 (@5%) 2 (G0s%)
© —Hepatitis C virus alone o s 7 e
 —HepatitisB+Cvius 1 (125%) 3 Q%)
~ —Acohol 1 @25 29 Q1w
© —Hepatitis Bvirus + Alcohol 2 Q%) 7 ©1%)
© —Hepatitis Cvirus + Alcohol o ©» 1 @
 —Autoimmunty o ©®» 6  G&w
~ -Drugrelated o ©o» 2 %
~ —Unkmown 2 @ss 18 (71%)

Disease history — n. 8 105
 —Diabetes 2 @) 13 (124%) 0311
 —Coronary heart disease o ©%» 8 (76w 1000
 —lschemicstroke 1 (@25%) 4 (8% 0312
~ —Arterial hypertension o ©%» 9 (®&%W 1000
 —Deepvein thrombosis o 0% 1 @ 1,000
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Table 4 continued. Overall comparison between patients with and without clinically significant PVST.

Variables
Surgery history — n. 8 105
 —Splenectomy 4 Go% 4 (38%)  <0.001
 —Appendicectomy o ©®» 3 Q% 1000
. —Gastricsurgery o ©%» 2 a9 1000
 —Colonicsurgery o ©0®» 1 % 1.000
~ —oOrthopedic surgery o ©%» 3 G2 1000
* Abdominal trauma history —n. s o 0% 05 1 (1% 1000
© Acute upper gastrointestinal bleeding—n. 8 1 (125%) 105 18 (17.1%) 1000
| Ascites at CTscans—n. s 05 0086
o -No 1 a2 a8 @s1%
Co-md 5 (®5% 25 (38%)
. —Moderate-Severe 2 @5%) 2 Gos%)
 Hepatic encephalopathy —n. s o 0% 105 6 (8% 1000
 Esophageal varices at endoscopy —n. 6 2 0.098
N I 0 @38%)
Co-md o ©» 3 @
 —Moderate o ©» 10 (38%)
 —Ssevere 6 (0% 19 @52%
Redblood cell (10/) s 2712039 02 3441088 0022
Hemoglobin (/) s 7081372 102 107902073  0.001
_ White blood cell (10°0) s 5064318 102 65104323 0972
Platelet count (10°4) 8§  15138+12135 02 974547837 0.076
© Totalbilirubin wmol) s 1878£15.73 104 489547191 0241
CAbumin @y 8 28894692 103 32545646 0.129
 Alanine aminotransferase (U/L) s 30582781 104 53.38+6325 0314
 Aspartate aminotransferase (U/L) s a225¢4511 104 766319845 0331
 Alakaline phosphatate (UL) s 78.18+4436 104  124.17:8867 0.150
_ Gamma-glutamyl transpeptidase (U/L) 8 348812465 104 164.09:221.44 0.103
 Blood urea nitrogen (mmol/l) g 6.58+486 02 5648234 0322
Creatinine (umoll) s 5691681 102 59.00:2136 0786
Potassium (mmoll) s 3956031 102 405:047 0541
~Sodium (mmol) § 138452298 102 138.04s651 0.861
 Prothrombin time (seconds) s 1594321 103 1623:654 0.887
/(ch“(’;tj; partial thromboplastin time 8 38.3147.14 103 45.04+16.50 0.256
International normalized ratio s 1295035 103 1341084 o 0877
 Child-Pughscore s 7758149 100 764206 0841
 Child-Pugh class A/B/C 8 2(25.0%)/5 (625%)/1 (125%) 100 38 (38%)/40 (40%)/22 (22%) 0.460
 MELDscore s 345586 100 613:7.02 0296
APRIscore s 1015089 102 3286618 0302
AARscore g 048:033 104 1334170 o 0.160
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Table 4 continued. Overall comparison between patients with and without clinically significant PVST.

Clinically significant PVST No clinically significant PVST
Variables
N

FIB-4 score 8 4.34+2.57 102 9.30+9.75 0.156
FI score 8 —22.40+7.63 101 —25.57+6.64 0.202
King score 8 32.03+29.75 101 122.37+310.06 0.414
Maximal diameter of spleen (mm) 4 137.9+15.66 101 140.36+31.26 0.876
Maximal diameter of splenic vein (mm) 4 11.68+4.67 101 10.64+3.82 0.600
Maximal diameter of main portal vein 8 10.1149.48 105 18.3345.07 0.695
(mm)

In-hospital mortality — n. 8 0 (0%) 105 4 (3.7%) 1.000

Table 5. Comparison between patients with and without PVST after excluding splenectomy.

Variables 2t
Age (years) 14 52.67+£11.69 91 55.60+13.22 0.435
 Sex (Male/Female)-n. IV 11 (78.64%)/3 (214%) o1 60 (65.9%)/31 34.1%) 0347
""""""""""""""""""""""""""""""""""""""" “w e oo
© —Hepatitis Bvirusalone 5 (@57% 27 (@97%)
© —Hepatitis Cvirusalone 1 (1% 6  (66%
"""""""""""""""""""""""""""""""""""""""""""""""""" o ©» 3 G
~ —Alohol 5 @1 25 Qs
© —Hepatitis Bvirus + Alcohol 1 (1% 6  (66%
"""""""""""""""""""""""""""""""""""""""""""""""""" o ©o» 1 @
"""""""""""""""""""""""""""""""""""""""""""""""""" o ©o» 5 G5
"""""""""""""""""""""""""""""""""""""""""""""""""" o ©» 2w
© —Unkmown 2 a3 16 (76%
""""""""""""""""""""""""""""""""""""""" e
 —Diabetes 2 (@43%) 1 (121%) 0816
"""""""""""""""""""""""""""""""""""""""""""""""""" o ©» 8  (88% 0594
 —lschemicstroke 1 @1% 4 (@a%) 0518
"""""""""""""""""""""""""""""""""""""""""""""""""" o ©%» 9 (99%) 0604
"""""""""""""""""""""""""""""""""""""""""""""""""" o ©%» 1 (1% 1000
""""""""""""""""""""""""""""""""""""""" wo e
 —Splenectomy o ©®» 0 (@& | NA
"""""""""""""""""""""""""""""""""""""""""""""""""" o ©%» 3 (3% 1000
"""""""""""""""""""""""""""""""""""""""""""""""""" o ©» 2  @2% 1000
"""""""""""""""""""""""""""""""""""""""""""""""""" o ©%» 1 (1% 1000
"""""""""""""""""""""""""""""""""""""""""""""""""" o ©» 3 (3% 1000
_ Abdominal trauma history -=n. 14 o % o1 1 (1% 1000
© Acute upper gastrointestinal bleeding—n. 14 2 (143%) o1 15 (165%) 0835
| AscitesatCTscans—n. 14 o1 0219
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Table 5 continued. Comparison between patients with and without PVST after excluding splenectomy.

No PVST
Variables

Activated partial thromboplastin time

S 13 54.82+38.25 90 43.73+10.01 0.023
International normalized ratio 3 187:186 9 128:055  0.016
* Child-Pugh scoe 13 862¢176 87 7498208 0.069
" Child-Pugh class A’B/C 13 2 (154%)/6 (46.2%)/5 (38.5%) 87 35 (40.2%)/34 (39.1%)/18 (20.7%) 0.167
 MELD score 13 10484857 i 87 560£662  0.019
~ APRIscore 3 2645222 g 337+656 0.694
AARscore VR 138254 0 132¢156 0.903
FB-4score 13 9.19+471 89 945+1023 0928
Fscore 13 20734739 88 25994662 0010
Kingscore 13 12823%25416 88 121.70:31866 0.944
* Maximal diameter of spleen (mm) 14 1531043798 o1 1382842925 0.092
© Maximal diameter of splenic vein (mm) 14 11.05¢4.44 o 10631376 0.703
'(\:‘na:]i)mal CEES AU 14 17.5147.27 91 18.47+4.82 0.521
" In-hospital mortality = n. 1“1 71%) o1 3 33%) 0.441
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Table 6. Comparison between patients with and without MPV thrombosis >50% after excluding splenectomy.

MPV thrombosis <50% and

MPV thrombosis >50%

Variables MPV patency
N

Age (years) 5 61.13+11.72 100 54.92+13.06 0.300
© Sex (Male/Female) -n. 5 3(60%)/2(40%) 100 68 (68.0%)/32 (320%) 0658
Etiology of liver diseases—n. s 00 0.996
© —Hepatitis B virus alone 2 @o% 300 (30.0%)
© —Hepatitis C virus alone o s 7  @ox
© —Hepatitis B+ Cvius o ©» 3 @Gon
~ —Aohol 2 @% 28 (80%
© —Hepatitis Bvirus + Alcohol o s 7  @ow
© —Hepatitis Cvirus + Alcohol o ©o%» 1 @
. —Auoimmunity o ©os 5 0%
 _Drugrelated o s 2 @
~ —Unknown 1 @% 17 arow)
 Disease history—n. s 00
 —Diabetes 1 Q@w% 12 (120%) 0491
 —Coronary heart disease o ©o» 8 80 1.000
 lschemicstroke 1 @% 4 @o%) 0.220
© _Atterial hypertension o s 9 ©0% 1.000
© —Deepvein thrombosis o ©0» 1 % 1.000
Surgery history-n. s 00
 —Splenectomy o ©os 0o  ©% | NA
 _Appendicectomy o 0% 3 Go% 1.000
 —Gastricsurgery o0 2 @ww 1.000
 —Colonicsurgery o s 1 % 1.000
 _orthopedic surgery o s 3 6% 1.000
© Abdominal trauma history —n. s o 0% 100 1 (10%) 1.000
© Acute upper gastrointestinal bleeding-n. 5 1 (0% 100 17 (7.0%) 0589
”””””””””””””””””””””””””””””””””””””””” s 10 0080
””””””””””””””””””””””””””””””””””””””””””””””””””””” o ©%» 46  (@60%
Co-mid 3 0% 23 @80%)
 —Moderate-Severe 2 @% 31 (Lo%)
”””””””””””””””””””””””””””””””””””””””” s o  (©0®» 9 6  (61% 1000
 Esophageal varices at endoscopy —n. - s 8 0357
””””””””””””””””””””””””””””””””””””””””””””””””””””” o ©®» 10 (@56%
””””””””””””””””””””””””””””””””””””””””””””””””””””” o 0w 2 1%
””””””””””””””””””””””””””””””””””””””””””””””””””””” o ©0®» 8 @1%
 —Severe 3 @o%w 18 (462%)
Redblood cell 10/1) s 275:020 97 346:089 0.081
”””””””””””””””””””””””””””””””””””””””” s 72404873 97 1079243000 0.010
”””””””””””””””””””””””””””””””””””””””” s 436425 97 4994317 0669
Platelet count (10°4) s 520043285 7 9508477.75 0222
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Table 6 continued. Comparison between patients with and without MPV thrombosis >50% after excluding splenectomy.

MPV thrombosis <50% and

MPV thrombosis >50%

Variables MPV patency
N

Total bilirubin (umol/L) 5 23.12+18.39 99 49.72+73.35 0.422
Abumin @y 5 28404892 98 32534659 0.181
* Alanine aminotransferase (U/L) 5 158046.14 9 534146412 0.195
 Aspartate aminotransferase (U/L) 5 21.80£9.50 9 767749985 0.223
* Alakaline phosphatate (U/) 5 77.28460.19 99  11971#8067 0.250
© Gamma-glutamyl transpeptidase (U/L) 5 320061966 9  166.18+22531 0.188
" Blood urea nitrogen (mmol/l) s 8224530 o7 568:240  0.033
Creatinine (umol) 5 62.94:1934 97 502442180 0711
Potassium (mmol/) 5 4131040 7 4055047 0.640
sodium (mmol) 5 138848215 97  137.98+665 0773
* Prothrombin time (seconds) 5 16244340 98 16344668 0.973

/(Zc:ci\é?]tjs partial thromboplastin time 5 42.0248.12 98 45.28+16.86 0.669
" Intemational normalized ratio 5 1324038 o8 135£0.86 0933
* Child-Pugh score 5 820£130 95 7618211 0.538
© Child-Pugh class A/B/C 5 0 (0%)/4 (80%)/1 (20%) 95 37 (38.9%)/36 (37.8%)/22 (23.2%) 0.130
 MELD score 5 543$530 o5 6274715 0.796
 APRIscore 5 1284069 7 338+632 0462
 AARscore 5 048£027 9 138:1.74 0.253
" FB-4score s 7684345 97 9514990 0.683
Flscore 5 20924887 9% 25544678 0.147
Kingscore 5 305242138 9%  12687#317.42 0.542
© Maximal diameter of spleen (mm) 5 1585084802 100 139.36£29.73 0.176
* Maximal diameter of splenic vein (mm) 5 11.74+404 00 1063+384 0.530

'(\:‘nar’:)mal LT e U i 5 17.86+11.43 100 18.36+5.09 0.833
" In-hospital mortality —n. 5 o 0% 00 4 @0%) 1.000

Table 7. Comparison between patients with and without clinically significant PVST after excluding splenectomy.

v Clinically significant PVST No clinically significant PVST
N

Age (years) 4 63.59+£11.96 101 54.88+12.99 0.191
 Sex (Male/Female)-n. - 4 260%)2(50%) 101 69 (683%)/32 BL7%)  0.593
Etiology of liver diseases—n. - s o1 099
 —Hepatitis Bvirusalone 2 (50%) 00 @7%
© —Hepatitis Cvirusalone o ©0» 7 6%
 —HepatitisB+Cvius o ©o» 3 @G
~ —Alohol 1 @sw 28 Qe
© —Hepatitis B virus + Alcohol o ©® 7 6%
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Table 7 continued. Comparison between patients with and without clinically significant PVST after excluding splenectomy.

Variables

— Hepatitis C virus + Alcohol 0 (0%) 1 (1.0%)

Abdominal trauma history — n. 4 0 (0%) 101 1 (1.0%) 1.000
 Acute upper gastrointestinal bleeding—n. 4 1 (125%) 01 17 (168%) 1.000
Ascitesat CTscans—n. 4 1 0047
N o ©o% a6  (@55%)
Co-md 3 a@sw 23 (28%)
 —Moderate-Severe 1 @) 2 6L
 Hepatic encephalopathy —n. - s o % 01 6 (60% 1.000
 Esophageal varices at endoscopy —n. > o 0552
N o 0% 0 @s%
Co-mid o s 2w
 —Moderate o ©o% 9 @5
 _Severe 2 q@o%n 19 @75%)
Redblood cell (10%/1) - s 2791032 8 3456089 0.145
 Hemoglobin g) - s 72541008 98 10755:3007 0023
_ White blood cell (10°1) - a 51462 98 4961317 0981
Platelet count (10°4) - 4 61x2998 8 94287777 0397
Totalbilirubin mol/t) - s 26481938 100 4932¢73.00 0536
~ Abumin @) s 259:803 % 32594658 0.050
© Alanine aminotransferase (U/L) - s 174638 100 52.99463.94 0.265
 Aspartate aminotransferase (U/L) - s 2375:074 100 76.14£99.54 0297
 Alakaline phosphatate (U/L) - a0 84616688 100  11899:8058 0402
 Gamma-glutamyl transpeptidase (U/L) 4 337542225 100 16477:22461 0.248
' Blood urea nitrogen (mmol/l) - s 8961581 98 5676237 0013
 Creatinine umol/l) - s 6593£2097 8 59.16421.70 0542
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Table 7 continued. Comparison between patients with and without clinically significant PVST after excluding splenectomy.

Clinically significant PVST

No clinically significant PVST

Variables
N

Potassium (mmol/L) 4 4.03+0.38 98 4.04+0.47 0.969
~sodium (mmol) . s 1385:232 98  13800:662 0.881
* Prothrombin time (seconds) - s 1664381 9% 1633+6.65 0.935

2‘:2‘(’)?;3 partial thromboplastin time 4 40.9+8.92 99 45.30+16.77 0.605
International normalized ratio - s 136043 9 135:0.85 0.983
 Child-Pugh score . 4 85+¢129 9% 7.60£2.10 0.400
 Child-Pugh class A'B/C . s 0 (0%)/3 (75%)/1 (25%) 96 37 (38.5%)/37 (38.5%)/22 (22.9%) 0.244
 MELDscore . a 669£5.18 % 621:7.13 0.895
 APRIscore s 106£054 98 3374629 0.466
 AARscore 4 047:032 00 1374173 0.303
FB-4score 4 6224125 98 9.58+9.86 0.503
CHscore a -1851+8.14 97 25598677  0.044
Kingscore . s 363842332 97  126.10£31586 0.573
* Maximal diameter of spleen (mm) - s 137.9¢1566 101 140.36:31.26 0.876
© Maximal diameter of splenic vein (mm) 4 11.68+4.67 01 1064:382 0.600

’(\:‘nar’;i)mal diameter of main portal vein 4 18.6+13.06 101 18.33+4.78 0919
" In-hospital mortality —n. . s o 0% o1 4 @0%) 1.000

score was not entered. Finally, no variables were identified as
independent predictors of clinically significant PVST.

Comparison of characteristics between PVST patients with
and without splenectomy

PVST patients with splenectomy had significantly higher pro-
portions of clinically significant PVST and RPV thrombosis,
higher PLT, and lower MELD and FIB-4 scores than those with-
out (Table 8).

Discussion

Our study found that the prevalence of PVST was 16.8%
(19/113) in all patients with liver cirrhosis and was 13.3%
(14/105) in cirrhotic patients after excluding splenectomy. We
are confident about the data, because axial contrast-enhanced
CT scans were used to more objectively detect the presence
of PVST. Our data are consistent with a review by Fimognari
et al. (5-20%) [4] and suggest that PVST should be a relative-
ly frequent complication of liver cirrhosis.

The most important finding of our study was that splenecto-
my was a very strong risk factor for the development of PVST

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

in liver cirrhosis. Their association became closer as PVST was
more severe (Supplementary Figure 1). In detail, if the sever-
ity of PVST was not restricted, the OR for splenectomy was
10.833 and 11.494 in univariate and multivariate analysis, re-
spectively; if only patients with MPV thrombosis >50% were
analyzed, the OR for splenectomy was 20.000 and 29.987 in
univariate and multivariate analysis, respectively; and if only
patients with clinically significant PVST were analyzed, the OR
for splenectomy was 25.250 and 40.415 in univariate and mul-
tivariate analysis, respectively. In addition, our study demon-
strated that cirrhotic patients with splenectomy had more se-
vere PVST but less severe liver dysfunction than those without.
Thus, splenectomy might be more independent of liver dys-
function in the development of PVST in liver cirrhosis.

Based on these findings, we should fully balance the clinical
benefits and adverse effects of splenectomy in liver cirrhosis.
The indications for splenectomy in cirrhosis should be clearly
specified. On the other hand, low-quality evidence suggested
that the pharmacological prophylaxis of PVST in liver cirrho-
sis should be effective [36]. Thus, well-designed randomized
studies are needed to accurately identify the candidates for
and timing of pharmacological prophylaxis of PVST in cirrhot-
ic patients treated with splenectomy. Certainly, when its clini-
cal significance is explained, the regions should be also taken
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Table 8. Comparison between PVST patients with and without splenectomy.

Splenectomy No splenectomy

Variables

Age (years)

Hepatic encephalopathy — n. 5 0 (0%) 14 2 (14.3%) 0.372
 Esophageal varices at endoscopy —n. s s 0.565
N o ©» 0o  ©»
N %)
 —Moderate o ©% 1 %)
 —Severe 4 ®% 2 6%
Redblood cell (10%/1) s 27:045 3 292:071 0532
" Hemoglobin @) s 73242008 3 88.60£2860 0287
_ White blood cell (10°1) s 624282 3 485319 0.408
 Platelet count (10°0) s 244419379 3 5877:3848 <0.001
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Table 8 continued. Comparison between PVST patients with and without splenectomy.

v Splenectomy No splenectomy
N

Total bilirubin (umol/L) 5 19.84+20.41 14 68.26+111.35 0.356
CAbumin@y) s 31548427 o 2865:7.28 0419
_ Alanine aminotransferase (U/L) s 58644499 1w 467146426 0710
 Aspartate aminotransferase (U/) s 83247208 o 567984992 0380
 Alakaline phosphatate (U) 5 160.36:19816 14 1231249437 0580
© Gamma-glutamyl transpeptidase (U/) 5 9613671 o 145:20298 0626
' Blood urea nitrogen (mmol/l) s 4188216 3 697£339 0.109
Creatinine (umolt) s 49.3:346 3 711242062 0.126
Potassium (mmol) s 3995035 3 405:051 0.804
~Sodium (mmolt) s 13841340 13 13373£1566 0525
 Prothrombin time (seconds) s 7271 3 2025:13.12 0371

Activated partial thromboplastin time 5 35.1644.22 13 54.82438.25 0.277

(seconds)

According to the degree of MPV
thrombosis

Maximal diameter of main portal vein
(mm)

In-hospital mortality — n. 5 0 (0%) 14 1 (7.1%) 0.539
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into account. Splenectomy with porta-azygous devasculariza-
tion is a major treatment option for portal hypertension and
hypersplenism in China and Japan [7,10,11,16,37]. By compar-
ison, it is rarely recommended by the practice guidelines and
consensus from Western countries [38-40]. Thus, this finding
may be relevant in Western populations.

Theoretically, the portal pressure and risk of portal hyperten-
sion-related bleeding may be higher in cirrhotic patients with
PVST than in those without. If so, the preventive and therapeu-
tic strategy of variceal bleeding should be actively applied in
patients with PVST. In agreement with this, we found a signif-
icantly higher proportion of high-risk varices in patients with
PVST than in those without, but the statistical significance
disappeared in other subgroup analyses due to the relatively
small number of patients with MPV thrombosis >50% and clin-
ically significant PVST (Supplementary Figure 2). On the other
hand, all patients with clinically significant PVST who under-
went endoscopic examinations had high-risk varices. Therefore,
they should undergo careful variceal eradication before anti-
coagulation is initiated for the treatment of PVST in cirrho-
sis [41-45]. All analyses demonstrated that cirrhotic patients
with PVST had significantly lower Hb than those without, which
suggested a larger amount of upper gastrointestinal bleeding
in patients with PVST. However, the prevalence of AUGIB was
statistically similar between patients with and without PVST.

Regardless of splenectomy, all analyses showed no statistically
significant association between Child-Pugh score and PVST in
liver cirrhosis. Notably, after excluding patients with splenec-
tomy, cirrhotic patients with PVST might have a higher Child-
Pugh score than those without. Similarly, all but 1 analyses
showed no significant association of MELD score with PVST.
Notably, after excluding patients with splenectomy, MELD score
was higher in cirrhotic patients PVST than in those without.
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Taken together, we should not neglect the role of liver dysfunc-
tion in the development of PVST in liver cirrhosis.

A previous study by D’Amico et al. found that PVST is signifi-
cantly associated with worse short-term prognosis of cirrhot-
ic patients with AUGIB [46]. By comparison, our study popula-
tion was not restricted to AUGIB. In this setting, the in-hospital
mortality was not significantly different between patients with
and without PVST. Additionally, long-term outcome was lack-
ing in our study.

Several other limitations should be clarified. First, the concen-
trations of coagulation and anticoagulation factors were not
tested in any patients. Second, several studies suggested that
abdominal surgery, such as colon and rectal surgery and sleeve
gastrectomy, might increase the risk of PVST [47,48]. However,
we did not identify any statistically significant association of
appendicectomy and gastric and colonic surgery with the de-
velopment of PVST in liver cirrhosis. It should be noted that
very few patients underwent such abdominal surgery. Finally,
the statistical power of our study may have been inadequate.

Conclusions

Splenectomy increases by at least 10-fold the risk of PVST in
liver cirrhosis. Given the effect of PVST on the outcomes of liv-
er cirrhosis, physicians should fully balance the benefits and
risks of splenectomy for the treatment of portal hypertension
and hypersplenism in liver cirrhosis. Further studies are war-
ranted to explore the prevention of PVST after splenectomy.
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Supplementary Table 1 continued. Characteristics of patients after excluding splenectomy.
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Supplementary Table 1 continued. Characteristics of patients after excluding splenectomy.

Variables | Values
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Supplementary Figure 2. The proportions of degree of esophageal varices in cirrhotic patients with and without PVST. (A) All patients.

(B) Patients after excluding splenectomy.
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