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Abstract: Objective To investigate the independent risk factors for portal vein thrombosis (PVT) in patients with viral hepatitis-
related decompensated cirrhosis, and to establish and validate a nomogram risk prediction model. Methods A retrospective
analysis was performed for the clinical data of 1 116 patients with decompensated HBV/HCV cirrhosis who attended The Third
People’ s Hospital of Kunming for the first time from January 2022 to December 2023, and according to the presence or absence of
PVT, they were divided into PVT group and control group. The independent samples i-test or the Mann-Whitney U test was used for
comparison of continuous data between groups, and the chi-square test was used for comparison of categorical data between groups.
Univariate analysis and least absolute shrinkage and selection operator (LASSO) regression analysis were used to identify
variables, and a binary logistic regression analysis was used to obtain independent influencing factors and establish a predictive
model, which was visualized using a nomogram. The model was validated based on the receiver operating characteristic (ROC)
curve, the area under the ROC curve (AUC) , the Hosmer-Lemeshow test, Bootstrap sampling (1 000 iterations) , the calibration
curve, the decision curve analysis (DCA), and the clinical impact curve (CIC). Results There were 178 patients in the PVT
group and 938 patients in the control group, and the prevalence rate of PVT was 15.9%(178/1 116). Male patients accounted for
68.5% (764/1 116) , and the patients with drinking, Child-Pugh class B liver function, and ascites accounted for 51.0% (569/
1116) , 78.8% (879/1 116) , and 67.1% (749/1 116) , respectively. Compared with the control group, the PVT group had
significantly higher age (7=-2.362, P<0.05) , prothrombin time (Z=-2.403, P<0.05) , international normalized ratio (Z=-2.470, P<
0.05), free thyroxine (Z=-5.910, P<0.05) , D-dimer (Z=-5.764,P<0.05) , interleukin-6 (Z=—6.581,P<0.05), interleukin-10(11.-10)
(Z=-3.915,P<0.05) , interleukin-8 (Z=-3.705, P<0.05), diameter of the portal vein (7=-9.690, P<0.05) , and spleen thickness
(Z=-7.183,P<0.05), as well as significantly lower levels of white blood cell count (Z=-2.115,P<0.05), platelet count (7=-3.026,P<
0.05), fibrinogen (Z=-2.169, P<0.05) , alanine aminotransferase (Z=-3.151,P<0.05), prealbumin (Z=-3.509, P<0.05) , cholinesterase
(Z=-3.415,P<0.05) , alpha-fetoprotein (Z=-3.513,P<0.05), triglycerides (2=-2.679, P<0.05), CD3 cell count (Z=-6.059, P<0.05),
CD4 cell count (Z=-7.257,P<0.05), CD8 cell count (Z=-2.340, P<0.05), CD4"/CD8" cell ratio (Z=—4.479, P<0.05) , triiodothyronine
(Z=-3.338, P<0.05) , free triiodothyronine (FT3) (Z=-9.560, P<0.05) , and portal blood flow velocity (Z=-4.568, P<0.05). The
multivariate logistic regression analysis was performed for the variables with statistical significance identified by the LASSO regression
analysis, and the results showed that age (odds ratio[ OR 1=1.046, 95% confidence interval [ CT]:1.026—1.066) , CD47/CD8" cell ratio
(OR=0.568,95%CI:0.410—0.787) , FT3(OR=0.956,95%CI : 0.944—0.968 ) , 1L.-10 (OR=1.021,95%CI:1.001—1.042) , diameter
of the portal vein (OR=1.446,95%CI:1.329—1.574) , and spleen thickness (OR=1.035,95%CI:1.014—1.055) were independent
influencing factors. A model was established as Logit(P)=-8.784+0.045xage-0.566xCD4"/CD8"~0.046XFT3+0.021x1L.-10+0.369x
diameter of the portal veint0.034Xspleen thickness, and a nomogram model was established and validated based on this model,
with an AUC of 0.859 (95%CI:0.833—0.887). The Hosmer-Lemeshow test showed that the model had a high goodness of fit (}*=
11.349, P=0.183). Bootstrap internal validation showed a mean absolute error of 0.006 and a C-index of 0.855. The decision curve
analysis showed that the model had a high net clinical benefit within a wide range of thresholds. Conclusion Age, CD4'/CD8"
ratio, FT3, IL-10, diameter of the portal vein, and spleen thickness may be independent influencing factors for PVT in patients
with decompensated HBV/HCV cirrhosis. The predictive model established based on these six variables can help to predict the risk

of PVT in patients with hepatitis-related decompensated cirrhosis in the early stage in clinical practice.
Key words: Liver Cirrhosis; Thrombosis; Nomograms; Root Cause Analysis
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Table 1 Comparison of general information between control group and PVT group
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Table 2 Comparison of laboratory testing between control group and PVT group

LD X HEZH (n=938) PVTZ (n=178) VAL Pl
F A (x10°/1) 3.79(2.89 ~ 5.16) 3.34(2.40 ~ 5.35) -2.115 0.034
ML/ (x10°/1) 76.00(53.25 ~ 109.00) 69.00(49.00 ~ 89.75) -3.026 0.002
1% (wmol/L) 34.90(23.00 ~ 51.48) 38.15(27.45 ~ 52.09) -1.760 0.078
5 I DL 1] () 16.20(14.90 ~ 17.88) 16.70(15.30 ~ 18.17) -2.403 0.016
[ Prpm Ak H A 1.35(1.21 ~ 1.53) 1.41(1.26 ~ 1.55) -2.470 0.014
H AR A (/L) 2.06(1.63 ~2.55) 1.96(1.53 ~2.36) -2.169 0.030
BELT & (wmol/L) 23.25(15.10 ~ 41.10) 23.45(17.22 ~ 40.27) -0.650 0.516
BB R R E AL (U/L) 31.10(23.00 ~ 50.00) 28.00(20.00 ~ 40.00) -3.151 0.002
IT& AR LR M (U/L) 33.00(21.00 ~ 52.00) 31.00(22.00 ~ 42.00) -1.523 0.128
BEMA(gL) 64.10(57.32 ~ 70.30) 62.50(55.10 ~ 68.68) -1.842 0.065
MM (g/L) 32.40(27.50 ~ 37.60) 31.55(27.52 ~ 35.70) -1.880 0.060
T A& (mg/L) 108.05(74.50 ~ 155.12) 93.25(65.30 ~ 130.10) -3.509 <0.001
v-B A A B (U/L) 44.00(24.00 ~ 90.00) 39.00(22.33 ~ 81.97) -1.407 0.159
kB A il (U/L) 111.50(84.25 ~ 154.00) 110.50(83.25 ~ 151.75) -0.354 0.724
JIE Rk PR il (U/L) 3597.50(2 560.75 ~5277.50) 3 261.00(2 227.75 ~ 4 309.50) -3.415 <0.001
SRR (pmol/LL) 20.70(7.82 ~ 47.90) 21.00(9.55 ~ 44.13) -0.047 0.963
HILEEF (wmol/L) 61.00(50.00 ~ 78.00) 64.50(54.00 ~ 78.75) -1.353 0.176
PRIR (wmol/L) 327.00(259.00 ~ 413.50) 321.50(263.50 ~ 391.75) -0.307 0.759
T4 (mmol/L) 5.62(5.01 ~ 7.00) 5.94(5.07 ~ 7.24) -1.433 0.152
F R (1IU/mL) 4.04(2.54 ~7.23) 3.20(2.06 ~ 5.36) -3.513 <0.001
Y EHT IR (ng/mlL) 3.02(1.98 ~ 4.40) 2.84(2.02 ~4.09) -0.872 0.384
H i =8 (mmol/L) 0.81(0.60 ~ 1.17) 0.72(0.56 ~ 1.04) -2.679 0.007
IR E B (mmol /L) 3.21(2.51 ~3.87) 3.09(2.39 ~ 3.82) -1.212 0.226
D- 2 (nmol/L) 1.68(0.89 ~ 3.43) 2.96(1.51~5.29) -5.764 <0.001
AR B SR 2R (nmol/LL) 1.67(1.30 ~ 2.18) 1.45(1.22~1.87) -3.338 <0.001
FT3(pmol/L) 17.17(3.97 ~ 72.37) 3.87(3.43 ~4.94) -9.560 <0.001
Ui 25 R AR (pmol/L) 11.55(5.48 ~ 14.59) 13.73(11.06 ~ 15.26) -5.910 <0.001
PR AR BR R (B4R (TU/mL) 15.12(12.94 ~ 19.83) 15.41(13.10 ~ 27.15) -0.900 0.368
CD3" (/L) 682.49(533.05 ~ 857.19) 561.98(450.48 ~ 717.15) -6.059 <0.001
CD4 (ML) 397.01(307.67 ~ 516.45) 302.21(238.11 ~ 401.43) -7.275 <0.001
CD8* (A/plL) 233.17(170.90 ~ 325.12) 214.75(165.37 ~ 283.57) -2.340 0.019
CD4'/CD8" 1.79(1.44 ~ 2.19) 1.59(1.26 ~ 1.97) -4.479 <0.001
CD19"(4~/pL) 178.91(130.20 ~ 238.47) 170.90(133.15 ~ 238.91) -0.453 0.651
xR3 MBASPVTAMAMETFILR
Table 3 Comparison of cytokines between control group and PVT group
ity Xif B 4H (n=938) PVT 2 (n=178) VAL P1E
IL-5(pg/mL) 2.16(1.35~3.60) 2.43(1.36 ~ 3.54) -0.620 0.535
T & a(pg/mL) 2.26(1.64~3.81) 2.16(1.59 ~ 3.57) -0.699 0.503
IL-2(pg/mL) 2.06(1.38 ~ 3.60) 1.99(1.37 ~ 3.06) -0.522 0.581
IL-6(pg/mL) 8.63(4.28 ~ 19.81) 16.13(9.16 ~ 32.01) -6.581 <0.001
IL-1B(pg/mL) 4.73(2.04 ~ 10.48) 5.43(2.19 ~10.15) -0.177 0.859
IL-10(pg/mL) 4.19(2.79 ~ 6.26) 5.42(3.44 ~7.90) -3.915 <0.001
IL-y(pg/mL) 3.70(2.05 ~ 6.96) 4.05(1.95 ~ 8.26) -0.518 0.605
IL-8(pg/mL.) 19.26(7.03 ~ 39.57) 28.01(13.00 ~ 51.45) -3.705 <0.001
IL-17(pg/mL) 8.53(4.15 ~ 14.76) 9.90(4.26 ~ 19.64) -1.946 0.052
IL-4(pg/mL) 1.58(1.15 ~2.24) 1.58(1.16 ~ 2.09) -0.435 0.664
IL-12p70(pg/mL) 2.02(1.57 ~ 3.10) 2.03(1.48~2.92) -0.530 0.596
YU IRAE A F o (pg/mL) 2.77(1.67 ~ 5.60) 2.83(1.44~5.27) -0.644 0.519
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Table 4 Comparison of Imaging examination between control group and PVT group
ity XF HEZH (n=938) PVT41(n=178) Al P{E
JEAK LB (%) ] Y'=24.034 <0.001
J6(0 em) 335(36) 32(18)
/D (<3 em) 395(42) 86(48)
HiHE (3 ~ 10 em) 146(16) 41(23)
KA (>10 em) 62(7) 19(11)
I T3k P A2 (mm) 11.80(10.00 ~ 13.00) 14.00(12.00 ~ 16.00) 7=-9.690 <0.001
I IV (/s ) 14.90(12.80 ~ 17.10) 13.80(12.14 ~ 15.67) 7=-4.568 <0.001
[ A% (mm ) 47.00(41.85 ~ 53.55) 53.00(47.00 ~ 59.00) 7=-7.183 <0.001
JITRE 2 (kPa ) 20.40(15.31 ~ 27.75) 19.74(17.30 ~ 29.25) 7Z=-1.138 0.255
25 21 17 10 2 1 *5 &FHPVTHISERE Logistic B34 #7
Table 5 Multivariate Logistic regression analysis of patients
with portal vein thrombosis
eI B SE Wald Pf§ OR 95%CI
AU 0.045 0.010 4.540 <0.001 1.046 1.026 ~ 1.066
CD4'/CD8" —0.566 0.166 —-3.400 <0.001 0.568 0.410 ~ 0.787
FT3 -0.046 0.007 -7.050 <0.001 0.956 0.944 ~ 0.968
5 | IL-10 0.021 0.010 2.080 0.037 1.021 1.001 ~ 1.042
7 -6 5 ) 3 3 IT#EK AR 0369 0.043 8.550 <0.001 1.446 1.329 ~ 1.574
log() @ A% 0.034 0.010 3.350 <0.001 1.035 1.014 ~ 1.055
26262626262524242321201513118 832221 - 0 10 20 3 0 s 0 0 8 0 10
0.60 Y Ny
0.651 CO4/CD8  TTIITII e
Hfo 70 F13 35 200 250 200 150 100 50 0
om” L S mmm e
oss | e eI F PR T REPERE:
090 | | . | | | | | mER 1030507050
< -8 _6log(7\)75 - - 6 x) 0 20 40 6 8 100 10 140 160 18 200
Rulﬁ 0.001 0.010.05 0.5 0.950.99
1 ra, 26 178 REOF LR 3 b, 28 Lasso [T 3738 IR UL vk fefd:
A A B2 KREHZE/RBFRAELEESHPVT KT
B 1 LassoBlJAiFEEE NS ZHE

Figure 1 Predictive variables selected by lasso regression
model
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AR I 2 B R G (X 7 1R 25 =5%107) o 38 e A o il £
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A 1 — SOk RA7, BERY IX 43 BE 44 U (C-index=0.855)
(Fl4). JE it DCA IR ITAk 51 LR 1R ZE I R R (K

Figure 2 Nomogram for predicting the risk of PVT in
patients with decompensated HBV/HCYV cirrhosis
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