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[HE] B®  #Hid CTIT#R kL& B (CT portography , CTP) 8 s £E WAk 5 4k 7] 5 bk 5 6 B 33 248 B IR i
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MIZ Wi RE . &R PRI Z M 0 Logistic 714347 7R B 22 i bk ELAR R FRAE VNT 40 vk 2 SR H G il 8
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A CT portography-based non-invasive model in evaluating
gastroesophageal varices in patients with liver
cirrhosis and portal hypertension
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[ Abstract] Objective To explore the clinical value of CT portography (CTP) parameters in
evaluating gastroesophageal varices in liver cirrhosis patients with portal hypertension. Methods A
retrospective analysis was performed on 167 liver cirrhosis patients diagnosed and treated in Zhongshan
Hospital, Fudan University from Apr 2019 to Mar 2022. According to the results of upper gastrointestinal
endoscopy, they were divided into groups with varices need treatment (VNT) and non-VNT. The results
from routine blood test, liver function, Child-pugh classification, hepatic vein pressure gradient, and

quantitative parameters of CTP such as the maximum transverse diameter of spleen, the diameter of left
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gastric vein, the diameter of portal vein, the diameter of spleen vein, the volume of liver and spleen, were
assessed by univariate analysis and binary Logistic regression analysis, and then were used to generate a
diagnostic model. The receiver operating characteristic (ROC) curve was used for analysis and the Del.ong
test was used for comparing different diagnostic models. Results Univariate analysis and binary Logistic
regression analysis showed that there were statistically significant differences in spleen volume and left
gastric vein diameter between the VNT group and the non-VNT group (P<C0.05). Then the model was
built by the spleen volume multiplied by left gastric vein diameter (SVLGV). When the cutoff value was
greater than 358.69, the sensitivity and specificity of the model in predicting VNT were 72.99% and
83.33% . The area under ROC curve of the SVLGV model was 0.799 (95%CI:0.730-0.857) , which was
superior to the platelet count to spleen diameter ratio (PSDR) model (P<C0.05). Conclusion The
enlargements of left gastric vein diameter and spleen volume on CTP were independent risk factors for
VNT in liver cirrhosis patients with portal hypertension. The non-invasive diagnostic model based on
spleen volume and left vein diameter shows a potential clinical value in evaluating VNT.
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&% H I # Bk #h 5k (gastroesophageal varices,
GEV) 2 th T 17 i K s 0 1 v 51 A9 & 8 1 0 0 Dk
Il ek, H UL TR A ] s R R . 2k
GEV il 4 H i J2 JHF A Ak 1] # ik He 8 % AE T2 19 &2
BEE o6 FRIL RN 15%~20%"", Baveno VI
6 B4 ek T A R Ak 1] K s R AR A R
M EIEAE NG A T GEVAELL, M TNE T &
£ B4 # Jk it 5K RS LR VA YT T B, BRI U I
WA S AL A, ok S BiUS o 2022 4F Baveno VI
T& R R BRI, X T R A 1 R (transient
elastography, TE) £ A& £ W 89 i 4 FZ {6 (liver
stiffness measurement, LSM ) =20 kPa a¥ Ifil /)> #z i1
<150 X 10"/L myACA% 1k a4k £ 2, W SR AN 38 H
AE L PR B 32 1A BHL i 700 R 1907 I 46 A 2 AR A%, )
M b IH A TE N A . SR, PN B AR A AE A
X & m, BB —E MR AE R R 52
PEA X 2% . Kl LSM Y TE 5% #4 IR 5 v il 13
(magnetic resonance elastography, MRE) % £ R 7F
T ] 1 R 3 ol T o, HAE T A AR — i R BR 1 o

AR E N, R CT EWMESHEREKT
3 mm 4 £ 8 7 K K e B AR S AR TE I R 2 R
TR KM IR . SR, CT HAEULE FI il 5k & ik 19
BRI AR B A BE T 15 A0 20 A AE | H BR A Bl

AR SE P FR bR, #E CTT b il 5K 8 K A% 49 9% v AS g
i 5¢ AR B B 2 9. AR AN B A BT A 4
A TG B PP AR GEV I 7L o i/ bR B R
e KK 42 (1 H{E (platelet count to spleen diameter
ratio, PSDR) ™ # A A J2 i A 20 GEV T 13
fli B, iy A A 0 I /N AR T S A AR Y b B
(platelet count to spleen volume ratio, PSVR) 1 #% JIE
52 SRR B T AR PR AR AL AL 55 A0 B R R
5 A F KB Z I F R 450 (liver surface
nodularity, LSN) ¥ 43 | JiF - I8 44 B L 45 5% 14 2 B 7
WAl F TR P GEV RTIG IR &35 M T i Bk &
JET, AW B AESEE B 2 R A CT & 46 47
VLS A GEV PEAL AL AL

YR s i

WX & AT N B A 5T, N 2SN A
DNEEFL, TR MG R . AE B RS M8 b
W BE B 2019 4F 4 A F 2022 4 3 H £ 0If K 9% BRI
(80 AR 22 W IR AL 0 3 167 1, T A B
WA A ORI IE F8 B ), I 76 4 B 1 1) 2
Z M 2 CT 1T # K i 45 B % (CT portography ,
CTP) . b4k 18 W 55 K B i ik s 0 86 B2 (hepatic
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vein pressure gradient, HVPG) il J& & 4 . HE B b
i CO) PRI s T 255 AR i R85 5 (2) 2 1 i
9o B G At W P b R TR RS 0 BB 5 (3) BEAEAT IF#S
L L 28 S50 DK DA T D Dk 23 i AR L A0 B IR it B3
A BB kR FEAR BN TR R K1 AR AT N BRTA
J7 IR 5 (4) i /AR <20 <10 /L B # 5 (5) &
CTiZ Wi b A N &g G AF 1] ko 43 B A8 )™ 55 (1 ) -
BB O i S A > em™ ) BT Bk T
I AR FHER50% R H .

e PR 23 BHICEE 10 o B I AR I PR S L A
A6 B Child-Pugh 43 2% F1 Il 7 27 K A 25 5, A 45 1l
/MM %R (platelet count, PLT) KR4 QR & L #
fiff (aspartate aminotransferase, AST) Fl %% N ¥ & fiff
(alanine aminotransferase , ALT )35 %5 o

CTPiE &

24 BE T A 15 min IR K 600~
800 ml.. K il Toshiba Aquilion ONE CT 1 $ 1%,
1 H 30 [ R % T2 A% 0 K CF SR A E
0.5 mm X 64,8 LK 120 kV, [ 2h 8 L 5 I8 il | 5% ok
0.5 /1, FIHF ] 5.5~6.0 so N FH 8 1 56 2 0 i
ik 99 A B8 A bR (M e 2R 370 mgl/mL)
80~100 mL, ¥ 4 # % 35~4.0 mL/s. & H
sureStart X bb ) B 5% B2 R | 78 I8 100K 7 [ 3= 30 bk ab
P E WIS X, CT A F 180 HU JF 12 s A
B il A 2 kB A TR T 3 kO A5 R R
45 s FF 4, I SE BB T 1T IK 45 o1 5 30 s TR 46 ©
WG BZEE1.0 mm . 2 0.8 mm H4 5%
i 2 Vitrea TAEBG AT 503 o A58 7E T Ik 91 Y
HA EMR E T

wE TR DK AR T IR KR I &R B L K
A UL 2 em Ab I 4, 5 20 8 Dk E AR 76 1] i ik 5
I Ik 53 2 K %) RS G R 1 o A DN I DK A
T TE TR KRN i 2R S b I A b DL E 2 em 20 U
U R R AR R AR A A7 CT RIR - MU 4 A [
Y fe KBRS o F T DK D) R 2H R AR RE BRI
FHERGE VIO R R ETRHARA ),
A& B 3hor 8 O CE D), JF A & 1k Ak
U ARG B 12402 8 B8 U &G £ T T 30 18 el sl 1 )
XL, BENLIE I 100 24 B E B CTP ER , H1 244
12 WK 5 U A 7 0 R KR AR AR K AR L)
whK B AR K B R R AR o1 &
[i] s 1 ) o 5

1 FFRE R R AR ) B 3h 5 &l

Fig1 The auto-segmentation of liver and spleen

NEHRER HVPG I E 7 CTP £ & [ )5
2N AT N BERAE X HVPG I E . N B kG A i 4%
12 h, M A Ak 1] ok v £ 48 1 ok ot 5k o
MR m) " NS R N TE RE P
R A RS K gk o b R R A i ko Y
H I XU %58 i, AR B Baveno VISR RS (AP RE AL ] §%
ik v A8 B bk ke s i iY) B YA dE R ) RN CRE
B T Tk e e A RS K ot skl A 1l a2
IR R R IL(2019 B )08 HoE Oh R ER YT T
B4 # Bk il 3K (varices need treatment, VNT) (& 2)
HVPG Il 5E 7T 25 8 4~6 h, #AF i 72 p W g 02 & 17
T JFE 3 T S A8 P8 1T 43 Dk A A 0, T A JHE K
Ui 5 He R #5 kOB2 He L 799 25 AR U ED g HV PG, LA
b mmHg(1 mmHg=0.133 kPa, F[fd]) .

FFeE{LiE+r R GEViZ BB it H KL H
2 8 e 7% Tl - i/ i e R 98 B (AST to PLT ratio

AST

ASTIEH R x PLT
AST IEH EFR A 40 U/L,AST #4725 U/L,PLT
) A R X107/ 1 36 F 4 30 K2 9 T 2F 2 b 48 5K
(fibrosis index based on the 4 factors, FIB-4)=FIB —
4= Piﬁf ff%“uﬁﬁ%%ewwy years, AST
FALT 892847 9 U/L, PLT B B4 Jg X 10°/L s B -
it & B 2 Lt (liver volume to spleen volume ratio,
LSVR)"™ = ARB (ecm’) /IR (cm®) ; AL S B
/e i ik B AR 1Y 36 L (spleen volume multiplied by left
gastric vein diameter, SVLGV) =&l (cm’) X §
ZE K B4 (em) ; PSDR=PLT (n/mm®) /J§ f&% K #
£ (mm) ;PSVR=PLT(n/mm’) /A (cm’) .

index, APRI) = x 100%""", Horp
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A: Endoscopy shows large esophageal varices with beaded changes and red sign, and this patient is diagnosed with varices need treatment

(VNT);B: Endoscopy shows no obvious esophageal varices, and this patient is diagnosed with non-VNT.
2 LEHHERNRERELSR

Fig 2 The results of upper gastrointestinal endoscopy

F it FE F ik R SPSS 20.0 K MedClac
19.6.4 GE T84 E A7 B s A 3 . >R H] Shapiro-Wilk
o 5 L RN Q-Q DX 8 28 A AR 1 E AT OE S PR
Ko ELEAIB R L ohs BUM(P,,, P) KR, o1 S8 A
it P n( %) R o FF 6 IEA 50 A 1) 7% 2L B AR 5 1
P 85k Pk ST AR AR K 5, R AF A 0 SR A Mann-
Whitney U £ 5 , 73 K2 & 09 WECR H YR .
HRESMES AL FE XN ERN AT
Logistics [ 9 73 8 . 73 il 2 il LSVR,SVLGV |
PSDR Hl PSVR 4 /M2 B 84 i) ROC # 26, 7157 4%
oy i 2 F T R (area under ROC curve,
AUROC) , #% # K Youden #§ £ i /9 {8 Ry e 18
1k 4 (Cutofl) , 3 2R F DelLong J7 % # 47 W Wi tb
B X425 CTP 48 45 A9 W8 U {8 R FH 41 9 AH ¢ &
¥4 (intraclass correlation coefficient, ICC) #F 17 FL %5
P<<0.05 N ZESA G E L

45 R

BEMIGERESMER CTPEESH  HE B
AL B N B A 25 A R T A R A AR VNT 41(30
)R VNT 4 (137 6]) o 3R 1 J87R T P9 41 A9 I IR 4
fEFN CTP4FAE , Hoh 4% (HVPG I 5 KB4 A
Ik BTG IES 500 o PIAL R AEPE R AR
AL P CHVPG |22 R G X (P> 0.05).
i 41 6] 78 Child-Pugh 73 4% I & % R 7 (°=6.675, P=
0.036) o VNT 41 8 & M9 i /M T 2088 dE VNT 41
W W (Z=-2.679, P=0.007) , VNT #1 B & 1y

I f Rk A A AR R A VINT 41 48 35 B Jg 388 R
(B8 R REA2 . F=0.068,1=-2.963,P=0.004; J{ /A& FH .
7=-3.589, P<C0.001) , VNT 4] % i 5 72 & Bk &
o TR Dk B RN M R Dk B AR AR VNT 41 8 3 W)
58 (H 22 WK - Z=-3.418, P=0.001; ] # Ik &
12 . F=6.226,1=-2.650, P=0.01; )i # Ik . Z=-3.838,
P<C0.001) o PIZH ]I IARFR T i 2 22 5 (P>>0.05) .

Z 5t Logistic | 34> t7 ¥ Lk 7404 W =
SRR 2F A8 bR AN A 0T Logistic B3 Hr (2 1),
S5 WoR B A H KBRS VNT 4041 8 W] i E
A, ORMH 4351 4 1.429(95 % C1: 1.131~1.805, P=
0.003)F11.002(95%CI:1.001~1.003,P=0.003) .

LSVR.SVLGV .PSDR # PSVR # & 3} VNT £
LR EE S ¥ LSVR, SVLGV, PSDR A
PSVR 44~ 12 Wi B A 94 A ROC 4087 (36 2) , BT A L
AL ROC il 2 22 5+ ¥ A 42 it 2% 3 L (LSVR: Z=
4.214; SVLGV : Z=6.720; PSDR: Z=3.669; PSVR:
7=4.473; P ¥1<C0.001) . H ¥ SVLGV iy AUROC
4 0.799 (95%CI:0.730~0.857) , 7~ i XF VNT &
BT B2 AL BE L Y Cutoff =358.69 (em®) B, Hiig
Wi VNT 58U Ry 72.99 %, K5 57 83.33% . L
AR AUROC (DeLong K56 ) , 878 SVLGV
5 PSDR Z [0 22 5% 1 4t it 2% & X (Z=1.964, P=
0.0496) , HAR A 2 W] 22 5 TS 1T 5 Lo

—H SN RIJEIR T & CTP I br 76 W4
BN SO EE 8] HLAK TICC BB . Fr A3 48 A5 16 W
B N WS ) Y B R — 3k .
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Tab 1

F 1 WAIE R FELL 8 B Z It Logistic B 13 5 #7

Characteristics of the two groups and binary Logistic analysis

[(n(%) orz* 5]

Gender 0.275
Male 17 (56.7) 92 (67.2)
Female 13 (43.3) 45 (32.8)
Age (y) 57.4+12.8 56.3+12.9 0.659
Etiology 0.067
HBV 12 (40.0) 80 (58.4)
Others 18 (60.0) 57 (41.6)
Child-Pugh classification 0.036
A 22 (73.3) 89 (65.0)
B 6 (20.0) 47 (34.3) s
C 2(6.7) 1(0.7)
HVPG (mmHg) 13.70 + 6.36 14.98 + 6.06 0.300
ALT (U/L) 23.5(17.8,43.5) 23.0 (17.0,34.5) 0.331
AST (U/L) 30.0 (25.0,50.3) 29.0 (23.0,42.5) 0.290
PLT (X10’/L) 79.5 (49.8,110.5) 59.0 (43.0,87.0) 0.007 0.195
APRI 1.230 (0.760,1.868) 1.300 (0.770,2.020) 0.304
FIB-4 5.465 (3.295,7.388) 5.790 (3.995,8.580) 0.204
Spleen maximum transverse 133.54 % 24.53 148.87 £ 25.91 0.004 0.690
diameter (mm)
Left gastric vein diameter (mm) 4.60 (2.69,6.00) 5.90 (4.65,7.70) 0.001 1.429 (1.131-1.805) 0.003
Portal vein diameter (mm) 14.55+1.97 15.71£2.97 0.010 0.650
Spleen vein diameter (mm) 9.62 (8.29,11.33) 11.80 (9.90,14.05) <<0.001 0.379
Liver volume (cm®) 1134.79 (988.60,1 235.84) 1053.31 (925.07,1 216.50) 0.569
Spleen volume (cm®) 577.13 (402.68,896.55) 890.54 (631.80,1 320.80) <<0.001  1.002 (1.001—1.003) 0.003

VNT: Varices need treatment; HVPG: Hepatic vein pressure gradient; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;

PLT: Platelet count; APRI: Aspartate aminotransferase to platelet count ratio index; FIB-4: Fibrosis index based on the 4 factors.

R2 FBISHREE ROC ST
Tab 2 ROC analysis of different diagnostic models

LSVR <1.63 73.72 70.00 71.08 71.70 2.46 0.38 0.727 (0.653-0.793) <0.001
SVLGV =>358.69 72.99 83.33 81.41 75.52 4.38 0.32 0.799 (0.730-0.857) <0.001
PSDR <508.59 64.96 63.33 64.30 64.38 1.77 0.55 0.685 (0.608—0.754) <0.001
PSVR <57.33 48.18 86.67 78.33 62.42 3.61 0.60 0.711 (0.636—0.779) <0.001

LSVR: Liver volume to spleen volume ratio; SVLGV : Spleen volume multiplied by left gastric vein diameter; PSDR: Platelet count to spleen
diameter ratio; PSVR: Platelet count to spleen volume ratio; Se: Sensitivity; Sp: Specificity; PPV : Positive predictive value; NPV: Negative
predictive value; +LR: Positive likelihood ratio; -LR: Negative likelihood ratio; AUROC: Aera under ROC curve.

R3 CTPIEFRM— B 4T
Tab 3 ICC analysis of different CTP parameters

Spleen maximum transverse diameter
Left gastric vein diameter

Portal vein diameter

Spleen vein diameter

Liver volume

Spleen volume

0.997
0.967
0.957
0.958
0.999
0.997

0.996—0.998
0.927-0.982
0.909-0.976
0.934-0.973
0.999-0.999
0.996—0.998

0.998
0.968
0.970
0.969
0.999
0.997

0.997-0.999
0.907-0.985
0.948—-0.982
0.952-0.980
0.999-0.999
0.996—0.998

ICC: Intraclass correlation coefficient.
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1 U I 48 SR IT o A B ST UG PR 52 B R FH Y A
JE &K 167 )T b BB 3R 4 IR TC IR 9T W SR
A543 41, %5 Lo 2L 18] () I DR R AR T CT 484 . A DF
YR, 8 A0 KA RN A R T A AL 1] ik
JEBE &4 VNT Bl Sr fa b 2, DL i R f
HENT HIZ WL ] DU S B0 VNT /9 & 4B . %
BB 58 4 He TR A80F R 3R E A, Rl IRIFAS VNT
PEAL T BT 0 S

ARG, B S WK B IR TR M AR
FEW AR R B B2 R, B ABKEGEVHE
B 0 FE GEV W &4 kB K% A rp ke 32 2
YER o AT 507 « B Jok oo e J8 1 1 e
ik 58 TE %o R 2 PR 0 g G ok A bk AR
AT AR R A A7 AR 1D ik s FE B = W0 GEV
S AN D R ARG K i B i 2
o fE B RV ER o LA A0 JEE BA it/ A g 2
FA) 2 2 PR el T R AR bk = R S A R A D
I i R U BA VR R 3G 5, 5 SO 2 i /N AR AE ERE R
U ER ) IS P A0 I O 0 R 4 i X
I /INAR R B SR B . A R 9 & B, R B T AR
H1 T JIE 5 B 2 A8 el AR i /N B A= B3R A Bk 2
o AT RE 2 I /N AR R /D 1 LR Glannind 55
et PSDRIZWiHE AL S GEV W AF 78 M 57 AH G,
R AR 1k A 909 W, B R T (AT ik F)
100% . i PSDREIATA A PSVR 2 KA I | 75 il
TN 75 5 i Ik o K T AR AR AR AT I 2 A
(15 B0, AT LA BRI il R LA B R AT B -
PR Al mTRE 5 1) bk A DG R BF 5 4
LSVR £ W £ B X F GEV (9 2 Wr &% 8 A
PSDR™, [ H: 3 B E e 1] ik i i 5 | S g g A L A
b, FLS AR A OGP 55 o 1T AR BIF 5 v 4 41 )
A R Bt R B 25 L 5 R A BT gT 4 AR
M,

AW T T E Ak E AR MR R R
B SVLGV 2 W B 8, Jf th 8 7 H 5 LSVR,
PSDR Al PSVR #5112 Wi R RE o 4 /> 185 71 76 12 I

VNT J7 1 34 B s i R4 2 Wi alcig , i SVLGV
BRI AUROC fi s, Hikgg LSVR fl PSVR, it e
J& PSDR. 7E M W [ 5 L SVLGV £ # (1
AUROC i % & F PSDR # I | H A #5002 Ja] 25 53
AN E . XU, SVLGV X VNT 4 4 & /Y i2
W 1B .

Child-pugh 43 2% & P-4 AT Ty 68 451 3 19 A0 X 4= 1
(S =R TS T =N TN 1R 10 3 LN i
Je 2% A IS RGO T e bk it kA e K
R ST G B R ER o AR ST P AL [R] B Child-
pugh 73 J A7 78 Bt 25 5, 5 DUAE B AR 98 AR A
ALT .AST .APRI Hl FIB-4 J2 )z W i ) i K AT &1 4k
fE B8 b , A BT 5T 45 th APRI . FIB-4 Al L 15 0 AT 6
R IT Ik & 5 5 GEV I A7 76 AV 24 4 il > (R 7
FATH R 5T X 245 45 5 VNT B & A S HEA
58 o 3 A AR GE 4L TE B HV PG {8 JC B 2%
o — I HVPG<{12 mmHg # A~ & & H i ik
i sk i, HVPG =18 mmHg /] fE & 15 7 H i 5 7l
SE P FE BR L I697 JF HVPG BB F KT
10% N RIRIF AR, WL, HVPG nTREE B H
JEE #5 Jok b Kt Il B A T G TR AT RRE A O I
FER i i ON i) 7 R - N B R U R O A O 3 S
T3 Fh L 2 T BT KL R KO T R R P K
AW 5T S 7 P 2L T) 1 1) IOk LA ML IOk L A R G
I R B B B 22 5, 5 [ 9 A0 93 43 F 5 45
AHFIE 22 PR B 1 Dk R TR 1) 28 Hh R B T
[T Dk 32 T 38 5 S M I AR RS K

AR FEAFAE VLT A JE Z AL - (1) [P | B
WFIE, FEA /D, T BEAF 76 BE 860w 17T , )5 22 1 iE 47
HBEVE 2 b REEARDEGE; ()AL CTP 2
B> RN LSN R4 K 4y 55 L 4
FEAE S A AR B L S5 S 58 AT DL X AR 8T
FEARIEAT LA AT 5 (3) K 5 TE \MRE 45 H Ath 52 1%
R ARIEAT

g5 b, 0 R DK AR RN AR Y 1 KR T Ak
FIEbkoE E R KA VNT WS e i R &, UL —
) TR ST () T A2 W B B X IEAS VNT A —
B R (8 . E B BF L B 3 B CTP R A 2 )5
ARIBGE L ETHE | A i RGBT P A T S 42 T Y B2 AR A
=Y=|

F oo

EERBAR Saae B, e g
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