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Abstract: Objective To investigate the value of liver stiffness measurement (LSM) and spleen stiffness measurement (SSM)
measured by two-dimensional shear wave elastography (2D-SWE) in the diagnosis of severe portal hypertension (SPH) and high-
risk varices (HRV) , and to provide a basis for noninvasive assessment of portal hypertension. Methods A prospective study was
conducted among 78 patients with cirrhotic portal hypertension who were treated in Liver Research Center of Beijing Friendship
Hospital, Capital Medical University, from December 2019 to April 2023. According to hepatic venous pressure gradient (HVPG) ,
the patients were divided into 6 mmHg<HVPG<12 mmHg group, 12 mmHg<HVPG<20 mmHg group, and HVPG 220 mmHg group.
All patients underwent gastroscopy and 2D-SWE within 1 week after HVPG measurement, and SWE-LSM and SWE-SSM measured
by 2D-SWE were recorded. A one-way analysis of variance or the Kruskal-Wallis H test was used for comparison of continuous data
between multiple groups, and the chi-square test or the Fisher’s exact test was used for comparison of categorical data between
groups. With HVPG and gastroscopy findings as the gold standard, the receiver operating characteristic (ROC) curve was plotted
and the area under the ROC curve (AUC) was calculated to evaluate diagnostic performance, while the Del.ong test was used for
comparison of AUC. The Pearson or Spearman correlation analysis was used to investigate the correlation between variables, and
the linear regression analysis and the Logistic regression analysis were used to investigate the influencing factors for HVPG and
HRV. Results The mean HVPG was 18.1 + 6.4 mmHg for the patients enrolled in this study, and HRV was observed in 62
patients (79.5%). Both SWE-LSM and SWE-SSM were significantly positively correlated with HVPG (r=0.413 and 0.633, both P<
0.001) , with an AUC of 0.812 and 0.902, respectively, in the diagnosis of HVPG=>12 mmHg and an AUC of 0.804 and 0.789,
respectively, in the diagnosis of HVPG=20 mmHg (all P>0.05). The multivariate linear regression analysis showed that SWE-SSM
was an independent influencing factor for HVPG (8 =0.17, P<0.001). In the diagnosis of HRV, only SWE-SSM showed a
significant positive correlation with HRV (r=0.432, P<0.001), with a better diagnostic performance than SWE-LSM in terms of
AUC (0.808 vs 0.642, Z=2.775, P=0.006). The multivariate Logistic regression analysis showed that platelet count was an
independent influencing factor for HRV (odds ratio=0.97, P=0.014). Conclusion SWE-SSM is closely correlated with both
HVPG and HRV, showing a good performance in the diagnosis of SPH and HRV, and therefore, it is expected to become an

effective noninvasive tool for assessing portal hypertension.
Key words: Liver Cirrhosis; Hypertension, Portal; Varicose Veins; Elasticity Imaging Techniques
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AR ZEVEASL PH T AL T LSM™ . 8K T, VCTE £ R 5 5%
JEJE K AE R T, — e R BB HE P L
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T E AR EE R R 2= B8 A6 5T A BE BE R 0452 HVPG
5 1) 78 B TR LAY PH RE RS 42, RIS T
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(1)4E#=>18 % ; (2)HVPG=6 mmHg, Hifii\ b E /5
PEPH. HEBR AR E : (1) 8012 4 S 00 M A 5 5 T
PH, fEAE ] TR S I k- PSS 38 S 5 (2) BRIEAT 4
SRR TR S AR RIS 43 TR S
FEAR 5 (3) 4 FF W g (A 45 I 40 it g ) ok o B2 k25 T
ABAN 45 (4) F7AE PR ok 28 R4S A B i bk o o
(5)HVPG M SWE S5 RAFFA Bz 22K ; (6) F 3R ik

HEAR5T .
1.2 Bk
1.2.1 Hasrfk AR HVPG KW B #4534 .

6 mmHg<HVPG<12 mmHg #1 12 i ; 12 mmHg<HVPG<
20 mmHg 4 304 ; HVPG=20 mmHg #H 36 4],

122 AR E  WUERBEMER AR RS
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TORUA & £ Fon , Z A HOECR BRI R 7 2250075 dE
IERA A TR TR M (P ~ Pyg) o, Z 41 18] LA

K H Kruskal-Wallis H ¥ 56 5 71500020 8] Fb %58 % )(2 i
B oY Fisher B VIMEA T . 23 22 180 A EFFAE (receiver
operating characteristic, ROC) f £& P45 45 38 B 112 Wi 5L
B , i3 i 26 F I X (area under the curve, AUC) &
95%CI , 38 3 24 %5 415 BU € fe AR , AN 7] AUCE 1Y
L %5 R H DeLong 5 56 o R FH Pearson 4 ¢ 43 17 37 £l
SWE-LSM, SWE-SSM 5 HVPG [ 4 561 , 2 ] Spearman
FAOC AT VAN 5 HRV AR OCHE ; 43 SR TR R £
e rEmA K& T Logistic [543 HVPG A& HRV 1y
N R . P<0.05 A ZEFA G L.

2 HR

2.1 WERAFAE O ARIFFRILGA 78 B RE AL AE PH R
AR R (5421 10.6) %, 531 50 19 (64.1%) , F- 1
HVPG 4 (18.1 +6.4) mmHg, HRV BH ¥ 62 1] (79.5%) .
3 HBE BRLT 2 Alb PLT \PTA Z2/R 8- o/ de (&
HRIAFRALAIIE /3 (HRV BHPE SR SWE-LSM Al SWE-SSM
A, 2R A gt 2E L (PIE<0.05) (R 1),

2.2 SWE-LSM #= SWE-SSM ##4& HVPG #4 2L 4

22.1 ABF M5 Pearson A KW 45 B ow
SWE-LSM & SWE-SSM ] 5 HVPG & & 2 TFAH & (r {5
4 0.413.0.633, P{E$4<0.001) (&1 1) ; HBE HVPG /K F
f) Tt , SWE-LSM Kz SWE-SSM 4 & 2 1 fiin (P {E ) <
0.001)(£ 1),

222 YEiaak ROC L a1 4s 2R, SWE-LSM
J SWE-SSM7E2 Wi HVPG>12 mmHg 2 HVPG>20 mmHg
) AUC ¥1>0.700, 1 # 22 = ¥ TE 48 1122 2 L (P{E >
0.05)(#%£2,K2).

223 HVPG# R E5# LIHVPG A&, 40 A
L3 HNERIREN A 2B S TAE I 0T, SRR
Br 4 5 @ /R, Alb,PLT, PTA . SWE-LSM 2 SWE-SSM J&
HVPG B 520 K 2% (P {1319<0.001) (F3) . #E—2 % I
AR A 22 R G LA A AT BT, 5 SR s
SWE-SSM & HVPG (1) 7t 57 5% i [ 25 (B=0.17, 95%ClI:
0.08 ~0.27,P<0.001) .,

2.3 SWE-LSM #= SWE-SSM #F HRV #44" l 2k A

23.1 ABX M5 M Spearman A I 43 45 R WK,
SWE-SSM 5 HRV £ fi 3 IF #H ¢ (r=0.432, P<0.001) , fii
SWE-LSM 5 HRV Z [i] & WL i 25 A0 5C 1 (7=0.199, P=
0.081),

232 ¥zt ROC M4k 7 i 45 /R, SWE-SSM
Wi HRV B AUC 4 0.808, ft LT SWE-LSM 1) 0.642..
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Table 1 Clinical characteristics of 78 patients with liver cirrhosis and portal hypertension

6 mmHg<HVPG<

12 mmHg<HVPG<  HVPG=20 mmHg

b &t (n=78) 12 mmHg(n=12) 20 mmHg(n=30) (n=36) FitH P
FHELH (%) ] 50(64.1) 8(66.7) 17(56.7) 25(69.4) =120  0.565
(%) 542+10.6 50.1+10.4 55.5+9.5 54.6+11.5 F=1.16 0319
iR L (%) ] — 0.200

SR EEEAT R 25(32.1) 6(50.0) 8(26.7) 11(30.6)

TR PR 21(26.9) 0(0.0) 7(23.3) 14(38.9)

ARG GG B 1 AT 6 9(11.5) 2(16.7) 4(13.3) 3(8.3)

B 5 e 15(19.2) 2(16.7) 7(23.3) 6(16.7)

HAth 8(10.3) 2(16.7) 4(13.3) 2(5.6)
BMI(kg/m?) 23.5(22.0~26.8) 23.6(21.7~26.7) 23.8(229~27.3) 23.0(21.7~259) H=1.10  0.576
ALT(U/L) 27.5(17.0~39.0)  31.0(20.0~38.5) 33.0(19.0~50.0) 23.0(15.5~36.0) H=3.73  0.155
AST(U/L) 36.5(28.0~51.8) 30.4(21.8~44.1) 353(31.3~50.6) 40.2(29.9~56.8) H=149 0475
ALP(U/L) 92.5(74.0 ~ 138.0) 87.5(74.0 ~ 130.5) 90.0(72.0 ~133.0) 96.0(76.0 ~152.0) H=0.47  0.790
GGT(U/L) 44.0(28.0 ~ 88.0) 34.8(22.0~119.0) 47.5(32.0~100.0) 44.0(26.5~82.0) H=0.60  0.743
TBil(wmol/L) 259(15.0~38.1) 21.3(10.6~31.2) 20.3(13.3~31.2) 29.9(184~487) H=6.07  0.048
Alb(g/L) 33.5+5.1 37.2+5.6 35.4+4.1 30.7+4.2 F=14.61 <0.001
PLT( % 10°/L) 69.5(57.0~86.0) 89.5(70.5~184.5) 70.0(62.0~98.0) 63.0(47.5~75.5) H=12.04 0.002
PTA(%) 702+ 16.4 81.0+25.0 74.4+12.0 63.1+13.1 F=820  <0.001
Child-Pugh 534 [ (%) | — <0.001

A% 31(39.7) 7(58.3) 19(63.3) 5(13.9)

B2k 34(43.6) 4(33.3) 9(30.0) 21(58.3)

CH 13(16.7) 1(8.3) 2(6.7) 10(27.8)
MELD #¥-43(43) 92146 8.8143 78443 10.6 +4.7 F=3.18  0.047
HVPG(mmHg) 18.1+6.4 8.8+2.0 148+1.9 23.9+3.7 F=152.93 <0.001
HRV[ (%) ] 62(79.5) 4(33.3) 25(83.3) 33(91.7) X=19.22  <0.001
SWE-LSM(kPa) 23.9(15.9~31.7) 133(8.9~19.4) 16.7(14.1~268) 29.6(24.9~423) H=2426 <0.001
SWE-SSM (kPa) 49.1+14.9 30.1+12.7 47.1+11.7 57.0+11.4 F=2437 <0.001

1 PH, 1k e s BMIL AR FEFE 50 ALT, IR IR B I 5 B s AST, RA AR AL AT ; ALP B B ER G ; GGT, y- 1+ A BEFL B2 ; TBl, &
JRLTZE 5 Alb, (LR 5 PLT, /MR PTA  BE LA IS5 3 B 5 Child-Pugh 439% , #8/R 18- J2 64 9% s MELD , Z K B HFR A s HV PG, T kR 186
JE s HRV, F fE #bk il 5K s SWE-LSM |, 24 0547 5k 31 Al A9 000 A5 A FFF 88 3201 s SWE-SSML, 248 B9 477 97 5e 4 g A5 0 75 ) G 1 38 {1

—— SWE-LSM r=0.413, P<0.001

1009 . swE-SSM r=0.633, £<0.001

ERE{E(kPa)

HVPG(mmHg)

TE:HVPG, K TR0 s SWE , Sy U0 BPE mif% ; SWE-LSM, — 4
L) e SR G 0 A5 A PR B 41 5 SWE-SSML, 24 B Y1) 0% 350 P i A4
P A A
B 1 SWE-LSM #1SWE-SSM 5 HVPG K& =B
Figure 1 Scatter plots of SWE-LSM and SWE-SSM in
patients with HVPG

DeLong K 55 $2& 75 1 # Z 0] 11 22 5 45 GeiT 24 2 X (Z=
2.775, P=0.006) , $& 75 SWE-SSM %t HRV 1412 i 34 fiE
m(E3).

233 HRV##aBZ54 LUEEFHEHRVE=1,
& =0) N AR &2 4 D TSR bR AR R H AR AT
JG Logistic [F1H 4347 o HLPE 81453 7 s, PLT . SWE-
SSM /& HRV 52 K % (P {E<0.001) (R 4) . ZHE
Logistic [FIJH53Hr¢7 , PLT /& HRV A 52 R R (OR=
0.97,95%CI:0.95 ~ 0.99,P=0.014) .

3 itig
ARWFFE LA HVPG M BBk A o bl , RGN T

SWE-LSM 5 SWE-SSM 7£ SPH 2 W h 3k fig . #5845 51
F£H] SWE-SSM 5 HVPG }; HRV Y2 B EEM %, A2
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Table 2

Diagnostic performance of SWE-LSM and SWE-SSM for portal hypertension and high-risk varices

S AUC(95%CI) Cut-of {H(kPa) URIE (%)  FFRE(%)  FAMETIIE (%)  FIHESE (%)
HVPG=12 mmHg
SWE-LSM 0.812(0.707 ~ 0.891) 26.6 515 100.0 100.0 273
SWE-SSM 0.902(0.814 ~ 0.958) 41.1 83.3 91.7 98.2 50.0
HVPG=20 mmHg
SWE-LSM 0.804(0.698 ~ 0.885) 27.2 722 85.7 81.2 783
SWE-SSM 0.789(0.682 ~ 0.873) 48.9 80.6 73.8 725 81.6
HRV
SWE-LSM 0.642(0.526 ~ 0.748) 272 46.8 81.3 90.6 283
SWE-SSM 0.808(0.704 ~ 0.889) 40.4 85.5 68.8 91.4 55.0

2 PH, U1K TR HRV, S FR Kl 5K ; AUC, 3230 B ERAE I 28 R AL HVPG, BF# ik R J 86 s SWE-LSM , 2 511 I8 3 jl A5 45

FA TR EAEL 5 SWE-SSM, — 4k U1 P 3k e A5 A5 4 DA A AL

100 — —
80 -
S 60—
i
B 40
- P=0.106

" SWE-LSM, AUC=0.812
—— SWE-SSM, AUC=0.902

0T T | | |
0 20 40 60 80 100
10045 (%) ®

20 —

100
80—
g 60—
B
B 40—
P=0.817
20— < SWE-LSM, AUC=0.804
‘ ——  SWE-SSM, AUC=0.789
0 T T I I
0 20 40 60 80 100

100452 (%) ®

¥ :a, HVPG=12 mmHg; b, HVPG=20 mmHg. HVPG, FF#IK IR J186 13 s SWE-LSM , 2k 5 47 5k S 5l A% 045 14 JA {8 ; SWE-SSM, — 4 Bi-L) i 7
PERUG A A R EE (s ROC 4R, 2l F BRVERMIE N 26 AUC, SZ iU H BRVERRIE N2 T IR PH, T Ik i e
2 SWE-LSM #1 SWE-SSM 31 1 [5]#2 £ PH 12 #i 3182 9 ROC Bh £k
Figure 2 ROC curves of SWE-LSM and SWE-SSM for diagnosing severity of portal hypertension

WAL e R4, i AT B A I IR S 6 rh P4 PH ™ B
PRSI T H.

AW &L, SSM 5 HVPG AYAH I B 558 T LSM,
2 [H 2% [A] 43 BT i 52 SWE-SSM S HVPG F ik 37 5 i)
1M SWE-LSM A {7 H S (4 F0 (. 3X — 4551
SEEER R4 —5 Y 5 LSMAA L, SSM 5 HVPG
4R S T 58, T A Sk ofiE G 0 CSPH Y JCRIHE b0 7E
HE e % SPH By Bt J5 , LSM 55 171 ok i g )+ S M vt 55
Vizzutti %7 5% Ji] VCTE £ AR5 RO S M E . LSM 5
HVPG 1Y # 2¢ & 28 (r fH ) 7€ HVPG=10 mmHg 4 H 4
0.59, i 7£ HVPG>12 mmHg 41 [% % 0.37. Kim % 4 JL T
SWE [ 5878 k7 , SPH 4% 11 LSM 5 HVPG [ AH E &
B (rE )AL R 0.424, W AR T SR ARERY 0.646,  [3RTIE
AL [E $2 7R , 16 SPH B Bt , LSM R A& LA 56 52 e 1 i)
MLFREN 12778467, 75 PH R T N 225 46 99 e J5

DUBUR T DK BH 7 36 i) 2L )5, LSM B2 T, 5
HVPG M & PE8 4. HEA CSPH By BY S L N IE 5 8 11 96
W FHOW I I s £ 5. T LSM ok ]
KL L FL 5 HVPG A DG bl 2 98055 . A L2
L EAE R T ER K R G AR, L AR A ]
5 W AP i 38 A T S T K BE T, 5 PH G AH G
PEFE 1100 ARSI — B, SR TE A7
AT REED S B PH S [R] B B (g 3 A AR Ab . (AR
TER O, DhREME R 2 28 B Dk 1% i 39t 2% Ak DL K
SCABIR I K, , 545 5% 0 LSM T SSM %] # fik i 1 i3
FlHERA M , AR AT FEATY 75 PR 2R B8 142 S W 1l A8 1)
(1 T RIS

A 5% o SWE-SSM K SWE-LSM 7£ i2 Wi HVPG>
12 mmHg i} ¥ B A R AF 2 Wiaag . H#lr, ¢ F 2D-
SWE7E SPH Fir Be v i i o8 /b G i 98 888 h 1
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Table 3 Univariate regression analysis of influencing

#*4 HRVEERBEEZEESH

Table 4 Univariate regression analysis of influencing

factors for HVPG factors for HRV

B =21 B 95%CI PIE E(ELzD OR 95%CI P
Lk -133  -431~1.66  0.387 Lk 092  0.29~286 0.881
LEIS 0.05 -0.09~0.18  0.704 LR 1.03  0.98~1.09 0.229
A P Al

SRR 0.00 SR EEEAT R 1.00

TR PE T 9% 206 -1.71~5.84  0.287 TR 9 3.69  0.68~20.19  0.132

RWHHFRSEIEWI T2 117 -6.13~3.78  0.644 FRGHAH IR 5 14 AT ¢ 136  0.23~822 0.737

A & e -0.71 -4.87~3.45  0.740 H £ e 544 0.60~49.56  0.133

HiAtl -0.59 -577~459  0.824 Hofthy 039  0.08~2.00 0.258
BMI -0.07 -043~029  0.704 BMI 098  0.86~1.12 0.749
ALT -0.02  -0.06~0.02  0.330 ALT 0.99 098~ 1.00 0.165
AST 001  -0.01~0.03  0.359 AST 1.00 099~ 1.01 0.867
ALP 0.00 -0.02~0.02  0.726 ALP 1.01  1.00~1.02 0.212
GGT -0.01  -0.02~0.01  0.248 GGT 1.00 0.99 ~1.00 0.304
TBil 0.04 -0.02~0.09 0221 TBil 1.00 098~ 1.02 0.796
Alb -0.58 -0.84~-0.33 <0.001 Alb 097  0.87~1.09 0.618
PLT -0.07 -0.10~-0.04 <0.001 PLT 096  094~098  <0.001
PTA -0.16 -0.24~-0.08 <0.001 PTA 0.98  0.95~1.02 0.300
SWE-LSM 020  0.10~030  <0.001 SWE-LSM 1.04  0.99~1.09 0.141
SWE-SSM 027  020~035  <0.001 SWE-SSM 111 1.05~1.17  <0.001
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Figure 3 Diagnostic performance of SWE-LSM and SWE-
SSM for high-risk varices
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