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Abstract

Objective: To construct a noninvasive prediction model for high-risk esophageal varices in pa-
tients with liver cirrhosis. Methods: A retrospective analysis was performed on 190 patients di-
agnosed with liver cirrhosis. Serological indexes and gastroscopy results of patients admitted to
hospital were collected and randomly divided into a training set (n = 133) and a validation set (n =
57) in a ratio of 7:3. The enhanced abdominal CT images of the study population at portal pulse
stage were collected, and the splenic portal region was selected as the region of interest to extract
its image omics features. Feature correlation analysis, minimum absolute contraction and selec-
tion operator (LASSO) regression analysis were used to screen the features. Radiomics signature
(RS) was established and RS score Rad-score was calculated. Logistic regression analysis was used
to construct the clinical model, combined with Rad-score, serological indicators and imaging indi-
cators to construct the combined model. The predictive efficacy of the three models was evaluated
using receiver operating characteristic curve (ROC) curves. The area under the curve (AUC) was
compared using Delong test. The clinical practicability of the combined models was evaluated by
decision curve (DCA) analysis. Results: The AUC of the constructed imaging model, clinical model
and combination model were 0.94, 0.92 and 0.96 in the training set, and 0.79, 0.91 and 0.94 in the
validation set, respectively. In the optimal combination model, Rad-score and left gastric vein di-
ameter were risk factors for high-risk esophageal varices. The decision curve shows that the com-
bined model has good clinical practicability. Conclusions: In this study, the model built based on
the image omics characteristics, serological indicators and imaging indicators is helpful to predict
the patients with esophageal varices at high risk of cirrhosis.
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1. 3]

B8 B K 5K (esophageal varices, EV) &AL 115 WLIF ACRE, tH2 AL B2 T R B R A 1] [2].
B Er ik Bl 5K H I (esophageal variceal bleeding, EVB)/& —F SIET-RAH KA EIT SUE, &S5k dh
it I A A B B T e R, BAE 6 BRI 10%~20% 50T [3]. 3 E R A bh 218 re s
TR FFREAY S AT N BB R A (4], (AR ABEA AL —MRAERE, 25 EEHEELFENE, B
FIN 52 S5 AR 22, R RE T BRI A b3 A H IS A 28 R e A A 2 i 2R S YR T IR L
2%, JFHX T SRR I A AT R A R, N B R A AN T R ) R VTt R
[5]o FEACELIARTRE LA, &% B E K il 5K (Gastroesophageal varices, GEV) R R A 30%~40%, HA
DE(10%~20%) 55 = G ik 5K (Highrisk varices, HRV) 7 28761, V1A SR &L 6 I AL £ 55 & ik #h 5k
()OI Fi T BOZR A IE 22 (7] [8] [9], Baveno JLIRHRHHIEAEE < 20 kPa AL MMTHEL > 150,000 (1) E 3
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1) —MRBORHERL 2018 4F 1 H & 2021 ¢ 1 AELBIERIR 5 & B2 Beff 2 4k (1) 23 it
TR PINIRE: a) ZWIFRAERE 2019 AR F 2 PR 0 2 HE ) FEIZIRIERD 5 b) 17
iR CT A AHr 2 MA W B E A BB . HERRARE: o) BESLZ RN CT B
b) F AL SZ 0 I T AR BCHARAH G T ARIGIT s o) & Iz VI A H i 2 H At 7T -5 B0H A T8 H 1M
s d) BEAIFEEMR. BEMIR; o) BEILATEAZS NE N F ARG T S8 &R 5 7
BITs ) T 3 AN HATEAIE R M5 . NS 190 . Frfi B B RET, A5k
1F R RR 5 M B R B 2 2w it

2) JoO S w4 A i AR SRS R AL B N B 5 BE AR IR CT G 2 I (] 50T i S0 25 K A 4B A
ALHE ML/ IT 3 (Blood platelet count, PLT). JHUiRE K&kl ThRedEAR, RN T N R IR 57 A MH(ALT)
5 REARAILHEBE(AST)ELIE(AAR, AAR = AST/ALT). AST Sifii/MiiH3(PLT) LA 5 ¥ [APRI,
APRI = AST/ULN x 100/PLT (x10°/L)] 3&F 4 [RF MR 4Efb IR FR[FIB-4, FIB-4 = (4% x AST)/PLT x
ALT"],

3) BBER A A T h e A FR K sk bR s kKBS > 5 mm SRR Tk F kLA

<5 mm (HAF/EL AL,

4) &7 Hrffi F PHILIPS iCT 256 Briliance 411X 5t GE LightSpeed VCT 64 fFIZ e CT HLX} i35 i3k
17 B I A R . FS e AREE S mm, ERE S mm, EHE 120k, EHR
200 mA. —HAZNASIE SRR R R S A 20 I i i A ) b R (U 300 gl/mg), VESSIEARA 3~4.5
ml/s, FIEN 1.5 mlkg, 7251F 20~25 s. 60~70 s. 300 s BEATBIEKI . [IHO. FEEME. Bi)E,
HEEE 1 mm 17T EGIRE TAESG AT B S A0 EE, DR 18RIk RRERRK. B 20 55 bk o 12 DL SR
fIE B2 hr, e TR RRER K i R bk R 1 000 o 1D % Pk P A T U R T S i R
EEC AL E 2 om ibe B AAEIKNARTE B A2 BRI N T T KB FR K AR 177 2 cm P9 B A2 iRk N AR
B AN . R K N AR TE P S . BRI SR AR R N & R RN AR RO B T R B R AR . BT R
PRl 3 R IME

5) BG4 3] RIS IR 7R N F-3h 4 E17:F 8 A4F ITK-SNAP 3.6 (https://www.itksnap.org/) 5¢ &
JE P HRIX (Region of interest, ROI)IA) i o H 7 % 80122 B K 2% I A 1 R AL 1) DX 85 T S U 48 6 0 /) i
ROI, HHMNER AL R GRIEE R E . @it pyradiomics FEHUIAE 1K CT BE IS4
HEHFAE, A —BREE(First Order Features), JE#&FE{E(Shape Features), K& LA 55 FEARFIE(GLCM
Features), K% [XIHAE FEHFIE(GLSZM Features), K& 7R B RFIE(GLRLM Features), 2K AR AE FE4F
IE(GLDM Features), B3 27 #FEFFIE(NGTDM Features). M UIZRAL-FEEHLAHEL 30 4158, Pifs
SAGRHER AR (] B — AN A G B8 E b OGS 16 ROL, 43 BVEAS AT f5 M 7k ROL AP AL IR AE % H )
(1) ROT F 4 BURFE ) — B

6) SR EAE RN i PP LASSO ik FIAFAE 7 BRI RS G E AT L I R B AN ST .
F ROC #h £ 5 AIVEAl —AMEEALGT HRV 2 Wi RLRE , H18 FH Delong #56 LG R B8 5 25 A 1AL AUC
Z M ESREREAGH R L R RS 35 ok i 2 (DCA) 7 T Al 45 A 85 28 i P A
P,
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Figure 1. The spleen contours are manually outlined on the contrast-enhanced portal
venous phase CT data
B 1. 7EIRKE CT 58 E g £ F ) 2 E R AR AY%E B8

3. R

D) —BBURHEBA KB TSR 190 BB, mfadl 142 f, ARfadl 48 fil. #0873 HLLplBEdL
P ARSI ZR4E 133 4], Homfai 99 4], Rfadd 34 f5; KL 57 41, Hemfad 43 4, KfE
H14 0. BEKINKEELFFE N 1.

2) RFAE 7 3% FNRA 52 AR 2H 2= R AR 98 H pyradiomics FEEXE AT T TRk CT BUESAAZRRHIE, /1> ROI
FEHREL 1652 MEAZ A A, (R B [ 235 9 R B ICC (intra-class correlation coefficient) KT 0.8 [K4FAE
T — Bt i —2mid LASSO @48 [l AL AT RIE P4, J8 L1 250 e AR S R R
1, ¥ TURFHIE R BE REAG R 0, &5 It 240 2 SA7T T, fEmtE A E A0 FIRRHE R B2 i
DFREAR . S0t LASSO BTG, fEmEE 4 H&M N EE REEAEZ WG HF RIS
HRV ZYJAH It 4 57 5215 4H 2% 4525 (Radiomics signature, RSJTFHE AT, 115 RS ¥4 Rad-score, 115
A H R N RS X HRV FIFRIIE . WL 1,

DA AR A B 2 SR (KGN & ) IR &, R USCER I SAAR 2 AR AR AN ITLIS 248 AR E N AR BN 73 o K
P B 2558 RS0 FFEAT LASSO [BA 0 #r, 385 f A6 300 3 8 A 6 A6 40 g FE AT T4, AT Y
PEREL R Hgm R 2= /b, Kok th i B A B — P9I Logistic BIAREAL, FRRIGIRBIAL . Fk
Rad-score it — PN BT, &I FFEMITHIE %, &4k Rad-scores 58 FHIKE R 2 AT HRV
EARE, @i EM. W2, & 3.
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Table 1. Clinical characteristics of enrolled patients

= 1. NEBARIEREFHE

e Efadl(n = 142) K fE4(n = 48)
R 56.5+10.8 60.4 +10.3
RS 122 (64.21%) 25 (52.08%)

/MR 4 [M (P25, P75), U/L]
JHUE 4% (mm)
PC/ST [M (P25, P75)]
FIB-4 [M (P25, P75)]
APRI [M (P25, P75)]
AAR [M (P25, P75)]
ALT [M (P25, P75), U/L]
AST [M (P25, P75), U/L]
ALP [M (P25, P75), U/L]
y-GT [M (P25, P75), U/L]
BELLE[M (P25, P75), umol/L]
BB 2 [M (P25, P75), umol/L]
[ 422 IH 40 K [M (P25, P75), pmol/L]
HEH(g/L)
PT [M (P25, P75), 5]
INR [M (P25, P75)]
TT (s)
I"1## Ik B2 (mm)
JIER K BLA% (mm)

B £ EH K B4R [M (P25, P75), mm]

62.00 (43.00, 97.50)
47.81 £10.10
1.41 (0.82, 2.50)
6.95 (4.55,10.33)
1.60 (1.01, 1.59)
1.26 (0.95, 1.69)
32.5 (19.00, 52.00)
38.5 (27.00, 60.50)
93.00 (72.00, 128.50)
42.5 (23.00, 80.75)
21.95 (13.83,31.53)
5.70 (3.80, 9.45)
15.10 (10.00, 22.08)
31.97 +5.24
13.90 (13.00, 15.70)
1.16 (1.08, 1.32)
18.84 +2.08
17.94 +3.56
13.70 £ 3.83

5.80 (4.50, 7.34)

94.50 (66.75, 153.25)
31.75 (29.38, 39.10)
2.73 (1.90, 4.74)
5.18 (2.86, 9.15)
1.19 (0.73, 3.15)
1.09 (0.88, 1.49)
42.50 (26.75, 89.50)
54.50 (31.75, 95.00)
115.00 (97.25, 149.50)
56.50 (35.50, 184.50)
22.25 (13.90, 30.40)
5.60 (3.15, 11.58)
15.55 (10.85, 20.63)
33.20 + 6.66
13.25 (11.96, 14.80)
1.14 (0.99, 1.26)
19.48 +3.62
1532 £2.45

9.68 +2.88

3.20 (1.98, 4.23)

T 24 (16.90) 1 (2.08%)
JiEK
oo 95 (66.90%) 32 (66.67%)
BRE 10 (7.04%) 3 (5.25%)
T 27 (19.01%) 8 (16.67%)
EY;3 10 (7.04%) 5(10.41%)
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Figure 2. Feature selection. (a) Minimum absolute contraction and selection oper-
ator (LASSO) is used to select the most suitable omics features; (b) Coefficient
convergence diagram of different features
B 2. $HERTFE. (1) RARNEFWAENERE F(LASSO)FiLR A&
HFFHE; (b) TRIFFHER RBUEE
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Figure 3. Receiver operator characteristic curve of the imaging model for predicting
high-risk esophageal varices. (a) training set; (b) validation set
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Figure 4. Receiver operator characteristic curve of the clinical and combined models, the Delong test was used to compare
whether the differences between the AUC of the clinical model and the combined model were statistically significant. (a)
training set; (b) validation set. Red line—clinical model; blue line—combined model. When P < 0.05, the difference between
the AUC of the two models was considered to be statistically significant
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Figure 5. The nomogram of combined model to predict high risk esophageal varices
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B 6. HARBBREIZ ST

Table 2. Predictive value of imaging model, clinical model and combined model for HRV

2. HEFRE, IRRERURESERXT HRV BFUNNE

. gha R I PRASE Y AR AT

R s oA gt %A s s
AUC  0.96 (0.93~0.98) 0.94 (0.90~0.97) 0.92 (088~0.96) 0.91 (0.87~0.96) 0.94 (0.90~0.98) 0.79 (0.64~0.93)
ACC 0.84 0.84 0.81 0.81 0.85 0.81
g 0.83 0.82 0.76 0.76 0.86 0.91
RS 0.88 0.88 0.93 0.93 0.82 0.50
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