£

BETHNHEFICTRA
PAERR S B IS
AR B TR L 1 X ez
RERAKERIK*

WFE R AR
BEAERAERIEREGISHE
(r=% '~ 510220)

(HE)] BN BULE6F GEAZRIERNESR

HEAIFRMEE (Nomogram i 8Y) F #TIE RIS
IE, DUTEEERT S W XS B 58 Bk il sk A T
MkEe. HiE BIMMEUWERBRAEIRFEWLD]
BEEEEEI296IFIENCT. MBEFREBEF
BEAR, ENCTEG LE—FIIREIIEEE
NEMBXAEEFREEROI, REXCTHRIE.
MEFASE, MBEGEAFER, MEFBAEL
NomogramiZ&!, EFROCHLZ FEFR(AUC)ITH3
NUIE R BTN EE. SR ARARIEMNANL2Y
flEE, HPil4E1036], WIFE26M, &A
FIRA, MEFER. NomogramiERMAUCE
0.887(95%CI:0.759-1.000). 0.845(95%CI:0.691-
1.000). 0.988(95%CI:0.959-1.000), £t HF123
F I CTRGRAFIFERE S MUEFRHE TN & fn X,
MBS KER, REGEAFRETUNEE L
B FFHEFUNEEE & F = BTN EE.

[x5im] AFHE(L; ERBkEE; RSk,
= i KPR AKERGK; BARES

[(FEHZS] R445.3; R571.3; R573.2

[XErFRIREE] A

(E2TE] IAREEM5SVRAEMFARES
(2019A1515011269;
2021A1515011305)

DOI:10.3969/].issn.1672-5131.2023.06.031

CHINESE JOURNAL OF CT AND MRI, JUN. 2023, Vol.21, No.06 Total No.164

Predicting High Bleeding Risk Esophageal
Varices Based on Machine Learning
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Serological Profile Model*

LIN Zi-huai, LI Xin-ming, QUAN Xian-yue .
Department of Imaging Diagnosis, Zhujiang Hospital of Southern Medical University, Guangzhou
510220, Guangdong Province, China

ABSTRACT

Objective A predictive model (Nomogram model) combining imaging and serological features
was developed and validated to assess the predictive efficacy of the model for high bleeding risk
oesophageal varices. Methods We retrospectively collected CT, serological and electrogastroscopic
data from 129 patients with compensated cirrhotic portal hypertension, selected the first hepatic
and splenic hilar level on CT images as the region of interest to outline the whole liver and whole
spleen ROI, extracted CT features and serological features, constructed imaging histological models,
serological models and Nomogram models, and used the area under the ROC curve (AUC) to assess
the predictive efficacy of the three prediction models. Resufts A total of 129 patients were included
in this study, 103 in the training set and 26 in the validation set, with AUC values of 0.887 (95% Cl:
0.759-1.000), 0.845 (95% Cl: 0.691-1.000), 0.988 (95% Cl: 0.959- 1.000). Conclusion A machine learning
model for predicting high bleeding risk oesophageal varices based on CT imaging features combined
with serologic features has higher predictive performance than both imaging and serologic feature
prediction models.
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(1)/NERRk K LB L BAE(2)/ ) BBk K Child-Pughit 93 C4R (3) - K ER Bk R 3K (B 12
>5mm)(5£ EprggBaveno VII)",

122 RRERE WEBARKRERIOI—AHNEREMBEFOETIHE, REMBYAIG
REMKE, SEEEIHAMRITE(RBC). A4MEITE(WBC). MAEAITE(Hb). I
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LassoSt#B#H1T10I R R I, EARFNETIREN, fHitd
ABARONHE(E2), WHEGARFIEHFTREANTTE, KRG
EH 13N S E KR S5 K EEXIFE, HPE
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BNABEZRA LG D MINEENRIEE, FHZMHEF
SEEER(LR, SYM. DT. RF. ExtraTree. XGBoostZ)i#{T
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ATINIRENEEES, D)IHFEENEED, BRINERT
MISEERNE L, WNEMEANELBSHITRERS, £HR
B GAFFENNE R TELESENomogramiZE, AT HE
fENomogramiREERFIRRLAMY, XAFRKR. M3, BLFH
PreERak. REAFFHE. MFEFFHTI—ELEERE, Bi=1
FUNED, DAARGAFREE (B H MR E S5k
Sig, HRV_Sig). MAFHFERE(PLT_Sig). ®EGHAFEKEME
FHRAAFIEER (Nomogram) BT TS H i X o & & 5% Ak ek

Ko UESHMARAFEIBR, L3N REREATTNEE.
1.3 SiH$ A% MASPSS 25.001MF, ELTEL (KT
BEE)RR, pXTSURUHMESIEEIERR, UBF
BRERNEE, URHEBEIESTHLETER(the area
under the receiver operating characteristic curves, AUC).
REYE (sensitive, SE). FRE(specificity, SP)UKEE
(threshold, TH)FRFEEHEERIFNMEE, PE<0.05AERESR
HTEREX.
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AST. GGT. ALB. TBIL. INREIELHINAEEEZR(FK]L),
MEESRIEENETMELHIEPEIAT0.05, JEHESNH
SEZBEEBEER.
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2.2.1 HRV_Sigfulls H MM PS & E5e ks KA RBE(R2) K2R
FRAFHIREAUCTED.550-0.8872 8], SURE. BRMEH
5#£0.600-1.000. 0.625-1.000 8], E{ETE0.412-1.0002 8],
TN e R = 7ILightGBMAL28 ¥ S 75 7%, AUC{E0.887,

2.2.2 PLT_Sigfull= & X e & E 58 Bk Bh SR AY R BE (R3) R3E
TIMEFREAIAUCTED.561-0.8452 18], SAE. HRMUEDIIE
0.454-1.000. 0.400-1.00z[8], [#{&E7£0.300-1.0002[8l, FMRKAEE
&5 HLightGBMAIRandomForestil28%# S /5%, AUCIE#0.845,
2.2.3 HRV_SigMKPLT_SigiE B I FE R AR 28 F S 75 7EBIR0C
Bh4E (E4-E5) E4-E5ERHRY_SighkPLT_Sigh BERIFE
PRIV EIH 2T S A TN AERIROCHI L Bl

2.3 RAEH. %3, HXEbki¥K,. HRV_Sig. PLT_Sigk
#INomogram(&6) ME6HTR A B iFh— 1 BEFRRke K
WAREMNXEEZE, FIUEKRFRLNERFXNAIR D EE
m, REFENKREE, REHKEESRERTEOXRES, MM
RnImR R 2 F o

2.3.1 NomogramtZ B HRVBE(FR4) MFR4ARILIFEEHNomogram
BREERIEEFAUCHEIXE0.988, T FR2HFHRV_Sig
REBAUCIEO.887 IR R3IFPLT_SigiRBIMAUCIEOD.845,
Nomogrami& & RIME MM Fo

2.3.2 NomogramiZ B FMHRVEL eI 4R S K 10 I SEAIROC i 2%
MR2PTHILightGBMH B F I H AR REF, MR3IF A

R1 NABENERISTE
EHIEE(n=129)  I%&E(n=103) MiX&E(n=26) P&

FEW(%, WHEATEE)) 52.4(11.1) 52.6 (10.0) 52.0(13.6)  0.848
B4, n(%) 90 (68.7) 68(64.8) 22 (78.6) 0.066
B REHHMKEK, n(%) 77(59.7) 62 (60.2) 15 (57.7) 0.776
B M K ERBKER S, n(%) 54(41.9) 43 (41.7) 11 (42.3) 0.959
&AL n(%) ZEIFF& 93(72.1) 74 (71.8) 19 (73.1) 0.867

AR 17(13.2) 14 (13.6) 3(11.5)

S 2(1.6) 1(1.0) 1(3.8)

BEWEAE 5(3.9) 4(3.9) 1(3.8)

Hith 12(9.3) 10 (9.7) 2(1.7)
Child-Pugh%34%, n(%) AZR 94 (72.9) 71(68.9) 23(88.5) 0.118

B4 30(23.3) 27(26.2) 3(11.5)

C#& 5(3.9) 5(4.9) 0(0)
LRERT, S(EHILkE) PLT(109/L) 81.0 (55.8) 79.0 (51.5) 104.0 (73.6)  0.106

ALT (U/L) 35.0 (23.0) 35.0 (24.5) 35.5(19.75)  0.440

AST (U/L) 44.5 (33.0) 44.5 (33.0) 43.5(33.25)  0.797

GGT(U/L) 60.0 (113.5) 58.0 (68.0) 67.5(136.0)  0.466

ALB(g/L) 35.8(10.2) 35.4(10.8) 36.5(9.58) 0.118

TBIL(umol /L)  20.4 (20.4) 19.9 (22.0) 21.0(19.3) 0.822

INR 1.20 (0.29) 1.20 (0.30) 1.18 (0.31) 0.606

A IMRITER(PLT). RRERSERBEBAL). RIILRBREBEHBIAST). y-ARBtRAE(GCT). BEB(ALB). SAEIR(TBIL)
MEFMRELLLEINR), WRASEH#THIRMRHRIE, IIFEMIIESEPEIAT0.05, RPRARIFLHAZTES.
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LightGBM. RandomForestill2s# S5 EZRMAMELET, ATHR MEENGERLIEENIROCHLE (ET7-E8), MET-E8RIUE
IERTEE /R E0E R T LightGBMALSR F I A AN L =R BN HES/EINomogramZRLILBEIIGERRIIESE, X T
WLEE, mEFHNomogramREFNE HMMEREFRKEK NS MK e EFKE KRN S TRM SRR,

Bl EIAF—AFITREEATREA R, E1B: BT RERERE, A
1CFE—FFITRAFgEE, HID:EITXRESEE. B2 LASSOH i+
Xkt 24k (Lambda ) (R4 E. B3 LASSO Hikf A4 4
AL A SRS 2 . W4 HRV_Sighh il S WROCHT 2 [, WIS PLT_Sighif %
BROCH %, W6 #HE. BT = MAER ) %R FONK & B9ROC i £xt
. B8 = bR 50 9E 5 TN A Ak BYROCHE St Lh I

o (8]
w2 HRV_SigﬁﬂHRVWHﬁE
Model name Accuracy AUC 95%Cl Sensitivity Specificity  Threshold
JIIgRE SUM 0.883 0.980 0.961 -1.000 0.907 0.950 0.416
KNN 0.777 0.825 0.744-0.951 0.721 0.817 0.600
DecisionTree 1.000 1.000 nan-nan 1.000 1.000 1.000
RandomForest  0.971 0.998 0.995-1.000 0.977 0.983 0.500
ExtraTrees 1.000 1.000 nan-nan 1.000 1.000 1.000
XGBoost 1.000 1.000 nan-nan 1.000 1.000 0.619
LightGBM 0.883 0.951 0.910-0.991 0.860 0.933 0.515
IIEE SUM 0.731 0.781 0.598 - 0.964 0.900 0.625 0.412
KNN 0.692 0.741 0.530-0.951 0.800 0.625 0.600
DecisionTree 0.615 0.613 0.411-0.814 0.600 1.000 1.000
RandomForest ~ 0.500 0.550 0.311-0.789 0.600 0.667 0.500
ExtraTrees 0.731 0.822 0.661-0.983 0.700 0.750 0.600
XGBoost 0.731 0.856 0.709 - 1.000 1.000 0.750 0.423
LightGBM 0.769 0.887 0.759 - 1.000 0.900 0.813 0.421
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&3 PLT_SigHWHRVEYRKBE

Model name Accuracy AuC 95%Cl Sensitivity Specificity  Threshold
I SVM 0.816 0.871 0.792-0.945 0.721 0.933 0.447
KNN 0.806 0.847 0.777-0.920 0.698 0.883 0.600
DecisionTree 1.000 1.000 nan-nan 1.000 1.000 1.000
RandomForest 1.000 1.000 nan-nan 1.000 1.000 0.600
ExtraTrees 1.000 1.000 nan-nan 1.000 1.000 1.000
XGBoost 1.000 1.000 nan-nan 1.000 1.000 0.640
LightGBM 0.728 0.866 0.794 - 0.937 0.791 0.850 0.459
1IEE SVM 0.808 0.836 0.655- 1.000 0.909 0.733 0.408
KNN 0.769 0.764 0.574-0.953 0.545 0.933 0.600
DecisionTree 0.577 0.561 0.363-0.758 0.455 1.000 1.000
RandomForest ~ 0.769 0.845 0.691-1.000 0.818 0.800 0.400
ExtraTrees 0.577 0.688 0.480-0.896 1.000 0.400 0.300
XGBoost 0.654 0.727 0.522-0.932 0.818 0.714 0.351
LightGBM 0.615 0.845 0.675-1.000 0.727 0.933 0.403
24 NomogramFUHRVEIHAE
Modelname  Accuracy AUC 95%Cl Sensitivity Specificity Threshold
g%  Nomogram 0.981 0.999 0.998 - 1.000 1.000 0.967 0.600
1% Nomogram 0.962 0.988 0.959 - 1.000 0.909 1.000 0.474
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RS, BE, EHRAFMNRSEEEGHRNABNEGS
L, XKAEEMR¥ oA EEGEFEHERCAIEEES
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FEBSHIIMEGAPHEAR, HPEINFBRAPISIIF
B E—AF XA R AR FHER B ]X, CHESS
HBALR H VS H I X e B B B Ak R K B2 R A FE TR BY AU CE
790.831(95% Cl:0.685-0.978), AFHRHFHRV_SigflMiEaHY
AUC{E}0.887(95%CI:0.759-1.000), MELREET S, RIE
DEXIRE, #EBEAFFITSNEFRITESEH—P LR
RAFERMTNKEE", RIBEFNEIERBaveno VI, FFHE
BE<20 kPa B m/MritE>150,00009 8 & & £ 5ahkah sk EE A
THRRIERR, RRINTBRL— N/ MRASEASERR 10
IEEMIZKEE, REEREPLT_Sighhif &y FN 3 EErT LU
7)0.845(95%C1:0.691-1.000), 5CHESSHEIPAIR A= H i XU
BB K R AP TSR B AR A FT R HRY_SigfELe
IEEMNTUNMEEMLLE, MERHFIEE—EREELIUSEE&
ARSBIRNEREE, ERMER SRR E—EEE LT
PR BTN S i X e 8 B 52KV ER. MR ERGA
P S ME P TEBL S ENomogramiE B SN = H i K B
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