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Endoscopic ultrasound-guided portal pressure gradient

measurement in patients with cirrhotic portal hypertension:

a report of 52 cases

LEI Zhao'**, LUO Rongkun'?, LU Huanyuan'”, ZHANG Rui'?, LUO Hongwu', LUO Shaobin',
SONG Jintao', WU Yuanyuan', JIANG Zhiyun', PENG Qianqian', YIN Xinlin‘, LIU Xunyang',
HUANG Feizhou*”*, DENG Gang'*’

(1. Department of Hepatopancreatobiliary and Portal Hypertension Surgery 4. Department of Anesthesiology, the Third Xiangya

Hospital, Central South University, Changsha 410013, China; 2. Hunan Treatment and Research Center for Portal Hypertension,
Changsha 410013, China; 3. Institute of Minimally Invasive Surgery, Central South University, Changsha 410013, China)

Abstract

Background and Aims: Portal hypertension is characterized by an increased portal pressure gradient
(PPG). However, the conventional method for PPG measurement is difficult and risky, so it is
challenging to implement in a clinical setting routinely. Previous animal experiments and human tests
have shown the feasibility and accuracy of the endoscopic ultrasound-guided portal pressure gradient
(EUS-PPG) measurement techniques. A recent prospective study involving patients with subacute portal
hypertension caused by occlusion of the small hepatic veins verified the consistency between EUS-PPG
and hepatic venous pressure gradient (HVPG). However, there is no report assessing EUS-PPG
measurement in patients with cirrhotic portal hypertension in China. Therefore, this study was performed
to investigate the accuracy, feasibility, and safety of EUS-PPG measurement in cirrhotic portal
hypertension.

Methods: A total of 52 patients with cirrhotic portal hypertension admitted to the Third Xiangya
Hospital of Central South University from March 2022 to August 2022 were enrolled for EUS-PPG
measurement. The EUS-PPG measurement results and their associations with the clinical features of
patients were analyzed.

Results: In the 52 patients, 47 cases had a previous or recent history of esophageal and gastric variceal
bleeding (14 cases had previous devascularization and splenectomy). EUS-PPG was successfully
performed in 51 cases (98%), and technical failure occurred in one case. The approaches for portal vein
puncture included that through the gastric wall (42 cases) or the duodenum (9 cases) and punch of the
hepatic vein (10 cases) or retrohepatic inferior vena cava (41 cases) through the gastric wall. The operative
time was (15.5+3.4) min. Of the 51 patients, the average portal vein pressure was (21.0+7.1) mmHg, the
hepatic vein pressure was (5.7+5.5) mmHg and the PPG was (15.3+4.9) mmHg. Five patients underwent
simultaneous portal vein and left gastric vein puncture for pressure measurement, and the results showed
that the two pressure values were highly correlated (r=0.99, P=0.000 66). No adverse events were
observed in all patients. The PPG value in patients who had previously undergone devascularization
and splenectomy was significantly lower than that in those who had not undergone this procedure
(12.8 mmHg wvs. 16.3 mmHg, P<0.05), the PPG value in patients with a history of esophageal and
gastric variceal bleeding was significantly higher than that in those with no history of this
complication (16.8 mmHg vs. 11.8 mmHg, P<0.05), and there was no significant difference in PPG value
among patients with different Child-Pugh classifications (P>0.05).

Conclusion: EUS-PPG is a new method for directly determining the pressure difference between the

portal vein and hepatic vein, which is accurate, reliable, safe, and feasible. Transduodenal portal vein
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puncture or puncture of the dilated main branches of the portal vein can be performed instead when
technical difficulties occur during conventional portal vein puncture.

Key words Hypertension, Portal; Liver Cirrhosis; Portal Pressure Gradient; Endoscopic Ultrasound

CLC number: R657.3

I JDk v s RE 2 T A Ak 10 7™ O R E L ]
R B bk ok i B i L AR TP IR
R FIR LR, T E R FE A
iy M 3 171 kO f1 0 (portal vein pressure, PVP) A
Sh A T TR T AE 2 W L LT L R
W 5 U 2 AT R

1] Dk R RE Y RE AE 2 T R K R ) RS
(portal pressure gradient, PPG) 34 fil, PPG J2& 45 ]
K 5 T DK ST R Dk 2 A B R O 25, LR
T E KR HEE TRy o HRT, 2 W) bk e A
FR 45 bR T 2 G O DU BT DK R 3 BB (hepatic
venous pressure gradient, HVPG) , SR, PVP M AT
ik 71 (hepatic vein pressure, HVP) f9 5 0 K
HXUB K, B 2 A 48 B2y rps R BB 0 I 56 it
2016 4F Huang 55V YR IE 1 5y 52 it 7Y 88 75 PN 5%
51 5 177 Bk & 1 8 (endoscopic ultrasound-guided
portal pressure gradient, EUS-PPG) {ll %& 3l ¥ 5L 5% .
Bl S, IZWF 5T L BA T 2017 4E 78 28 118 11 AT 9 &
HE T R T EUS-PPG I 5E 1y ARl 4™, ) ) 5
5 Fe N AR 50 3 e 4iE T EUS-PPG 52 £ A (1 7T 47
PE R HERRPE o — TR BE PEOF S P B IE T EUS-PPG
5 HVPG I — 3Pk, (HIZWE 59 A B0 1) R SN i
ik P 2E K An ngg G Ak, FE NS 2 S0 2%
Ik s s, B T Ll RAC SR

AR 2022 4F 3 1 —8 J o g K i HE = =
Be WA ih B9 52 19 JHF A A 1] i K o s AE S8 2% BE 4T EUS-
PPG U 5E , HIALEE ARG W .

1 RS

1.1 —RER

BEHL 2022 4F 3 H—2022 4F- 8 H H g K2F A = =
B WL v 4 52 48] JHF B Ak 1] 8 ok o R R #E 4T EUS-
PPG I SE , T A (5 B A A [l A5 B 0 2 78 | 0 ik
ik, b 47 ) BE AT SR A B Rkt ek
s (14 B BEAE 28 Dy ok YT BR T R ) (R 1),
ARG E (BRERET) WER, BEEK

© WA )3 of [ FF I F A EPTA

JE B AIE R E A . AR E RS R BEC BEE
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Table 1 General information on the 52 cases of cirrhotic
portal hypertension patients

i BUE

IS MGERD] 57.7(31~82)
P (%)]

5 37(71.2)

% 15(28.8)
9 [n(%)]

LIE 42(80.8)

P 2(3.8)

R 7(13.5)

LW P 1(1.9)
HFEhfiE Child-Pugh 53%%[n(%)]

A 24(46.2)

B 26(50.0)

C 2(3.8)

1.2 FHik

1.2.1 4 ¥iAmoE JF8E L2 W bR M & Child-Pugh 1T
3 1 27 R AR v A R 2 25 O 2 4 23 T 2019 4R il
SEW (R T Fa ) U0 11 ks e 12 W
i fHE AR 4 Baveno VIIZx i R I DL K v A B2 2 2% A
b o 23 I KT Dk i R A BE 22 41T 2019 AR i 2
(R S Ak D K R R A L NS R bk it ok e 2
26 L A AR,

1.2.2 EUS-PPGM Z 7 ik ARATHEAR: (1) 5284
ARHETRE A, 5o o8 5 1T MK R g8 H AL 2 i
i& %% (computed tomography angiography, CTA), ¥
flTTd bk . Z2FE K . IS T EREDK . W R
Fk . BAFKMKREEU LS EE. + 260
BREB 2 18] 11 FH X 45 0 07 B &R 5 (2) AR i T 1
MHtE R ) RAT12 h A8 . ARHT6 h 28k, &
% . M7 FE WML (HIVISION AVIUS, HITACHI, H
A) . BB EHL (EPK-7000A, PENTAX, HA) .
LM 8 (EG-3870UTK, PENTAX, HA) .

M
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25 G ZEfil%F (ECHO-25, COOK, FERE) . O
¢ (BeneView T5, Mindray , BE D) L R R RS
(DPT-248, zi:.oik, HE). RAGREEE A EMT
W) ARG R0 P T 1+ P R R il e R KRR
BT % . WAL . ZEMIEMY . EUS-PPG #:4E 3 72
) HAE: BANEAAENE, B&ES M
ST, el A T TR K T A AS R K,
RN ER bk A, nl e T k. DU o
PEARE R, W R AR E W R RS S . () 1]
9 JOK ORI 5 bk 2 00 - G N 4 o R N T) R DK SR
o3 AL Can SR gE R g AR i, AT+ AR
o BREB 28 I T HE K =), 228 28 J A ik ek
JFJG SRRk, 3) W S 1 mL AF R A 3R K
HE B AT N 2R, R, 7EE T
F430~60 s 7, JFAATREC, L3 WICFEME . (4) it
B PPG: PPG=I"]# kiiF 25 e - Fi bk (sl I F
k) RS
1.2.3 o4 AR¥E B E R JC M R W i R TR
g, BEES N FRAMAETFTRA; WRIGEHE
(ERESIUR RS W=l = BN Qi 3 7 S V(1 . %
BB Ay b M 2R R M i 2 s AR B BB Tk
Child-Pugh 738, FHEFE T AR . BHRAMCHA.
1.2.4 RREFHGTLE344 TR 2855
A, BT W% K 2 i i A5 S v EAL . RS
SEIERAL S ML, A B T WL R A
1.3 SritELE

FIF A W) G211 40 Bt b GraphPad Prism 9.4 4t 11
PFHEAT o IR 20 A 0 T B BT R R AL IR B AR
FHA ST REA Y o K236 o 31 WERE =2 [B) B A OC MR H

Pearson f & 30#T . P<0.05 N ZEF A Gt E L.

2 & R

2.1 EUS-PPGHINEERFFIEKEF

52 {5 JF 8B A 1) ke He e SR b, 51 )
M52 7 EUS-PPG, 12K I, B 98% ., 51 14l
BHEFYPYVPHEN (21.0+£7.1) mmHg (1 mmHg=
0.133 kPa) , ‘F¥J HVP{E N (57+5.5) mmHg, F
¥] PPG R (153+49) mmHg; “F ¥ F K A [H
(155+34) min (£2)., i EHEHRMERA
R

#&2 EUS-PPGIUEERZFRIEEZ (n=51)
Table2 EUS-PPG measurement values and puncture
approaches (n=51)

TiH Kl

S35 PVP[mmHg, M(IQR)] 21.0(5~41)
SE-45 HVP [mmHg, M(IQR)] 5.7(0.7~18)
V45 PPGImmHg, M(IQR)] 15.3(5.5~26.7)
SFEFARET [E] [min, M(IQR)] 15(10.5~27.5)
IR 2R AR (0 (%) |

2R 42(82.4)

Z b AR ERES 9(17.6)
JHFJG T s i Bk e ok 2 (% ) ]

JHJE T B bk 41(80.4)

Wielniii ) 10(19.6)

BT A B 40 T 25 G AL, 5 4T 3 5
RS U A b I W N o || R = N B |
H (E1),

1 HEXZMRA

Figure 1 Pictures of the real objects

A: The puncture needle; B: Connection method of the pressure measuring pipe;

C: Indications of the HVP measurement module; D: Indications of the PVP measurement module

511147 EUS-PPG & & h, 420 (82%) 4
BEZERI T # K (F N IE 20 XA ) , 9Bl (18%)
g ZAs ek eE R T ER K E T 1061 (20% )
25 RE R ZE AT # MK, 41 1) (80% ) 2 ' W ZE il
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JHJE R Rk (E2)

T35 00 B8 TR0 A0 o0 S T R K 2 R
W, 53R 0L3%3, PVPIHS B A8 KT S E8 8
MK (R=0.99, P=0.00066) ([&3).,
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El2 EUS-PPGERIARFRE
Jhk 258

Figure 2 Images of EUS-PPG puncture

A-B: [ERIKF RS C-D: A TREFRERE; BE-F: ZEA#Ika i, 6. 5Ak

A-B: Portal vein puncture process; C—D: Retrohepatic inferior vena cava puncture

process; E-F: Left hepatic vein puncture process; G: Left gastric vein puncture

®3 sHIBEFHPVP, BAFBKNEE (mmHg)
Table 3 Values of the PVP and left gastric vein pressure of
the 5 patients (mmHg)

BB PVP B 2k
1 26.7 26.0
2 24.0 23.5
3 22.0 22.0
4 21.5 22.0
5 18.0 18.0
27.51
R=0.99, P=0.000 66
R 25.0
=}
2
22.5
4
o
£ 20.0
=
17.5
20.0 22.5 25.0

EUS-PVP

E3 EUSSISTREES A ZFRIIERKS B AFKNEER
LEES kS iy
Figure 3 Correlation between the pressure values of EUS-
guided simultaneous puncture of the portal vein
and the left gastric vein

22 FAEIEFAEEPPGHER

51 19 B 2 52 7t EUS-PPG 5B & h, T R4 8%
(14 %) PPG W] WAL T3 F AR 4 & (37 #)
[ (12.814.3mmHg) vs. (163+438) mmHg, P<
0.05] (E14),
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P=0.025

251 .

20 2. -
o S .
A~ 15 I '-:' L

101 J I -

sl .

%
AL S5+ B AR
4 FARASIEFARABEPPGLLE

Figure 4 Comparison of PPG values between the surgical

group and non-surgical group

23 BLREBKFFMKMKEREMEEEPPG
HER
% B BT B A R AT Be s > PVP, A U
HEBR 14 0 R B, B HRITHIRTFAREE DN
Wl (3341) FRHIma (46]), HHEMmL
6] () PPG . 45 3 7 1t 2 PPG BH & 5 1 5 M i 41
[ (16.8+4.6) mmHg »s. (11.8+33) mmHg, P<
0.05] ([&5).
2.4 AEFFINEE Child-Pugh 9 EEPPGER
A (234]) PPGy (144 +5.2) mmHg, B
4 6f]) K (159+4.6) mmHg, CHA 2H#]) K
(175+1.5) mmHg, —41[[] PPG £ 5 L5 it E &
(P>0.05) (Kl6).
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P=0.045

g

251

20

PPG

15

104

T

i 2
a5

E5 Hin4A5kHImaAE PPG LbE

Comparison of the PPG values between the

Figure S
bleeding group and the non-bleeding group

P=0.650
P=0.438
P=0.303

20- 4{< . 1 -

30+

PPG

101 - ,|

A

B ©
Child 343
E6 AEBFIIEE Child-Pugh 92k EE PPG ELE

Figure 6 Comparison of the PPG values among patients

with  different Child-Pugh liver function
classifications
3 i #

JHF B8 A T DK R RE 1) 12 W7 B 7 o R A T
il — B I R A B YA YT 10 B AR IS R 5T 4R
MRG, HVPGATE A& 2 W 17T # bk &5 R 5 19 4 A 1
2021 4 Baveno VIIFE:{HHE 5 HVPG>5 mmHg # 7R
SR 1T #BK 5 TR, HVPG=10 mmHg W 42 71 95 25 5%
T RS M JFE R Ak 1] 0 Dk v R RE A7 7E Ife AR B 25 1] % ik
R G
CSPH) ", #kifii, X F HVPGAIA LK. &
56, HVPG J& 38 o I 2 I # Dk B2 R 8] 422 | B PVP,
(I | =2 =3 1 SO S T 1107 N R 7 B 3 i K
DL R PE T8 bk e o Lk, T4 HVPG HERf 1
MR R L, PG AR M P 3R s B AR B P 3R
LI DS S VA W = 3110 [ N o O
K oy . PR IR 2 W Ik B TR b R A B g
AU 0, R SR — R O MEAR . LR

(clinically significant portal hypertension ,
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fEHE . 240 PVP I E J7 Bk — H 2 1] # Dk &
U AR 2 2 B AR R B K

AWEIE T A AN B E T, 4 K S iR i
W, OB R SR 5 LS 81%, 5
I R Ak B0 I AT 0 A O A AR AR R
451 B H 3 B I PR AR AIE X 45 A e 0] A Ak T
Bk EAE R, WA AREENEE Y
fik #h 3k, Horp 47 6 (929% ) B R BE AL B
Ak Rk i sE o 4 6 PPG A 3>5 mmHg,
42 5] (82%) =10 mmHg, 42095 1] F ¥ PPG {8
(153+£4.9) mmHg, 57418 F 610 1] # K &
JiE I PR 25 I AH 25 4 o Hajifathalian 25220 5 23 5] 8
PERF 7 B % PPG I A (7.5+4.9) mmHg, {Hi%
W5 23 4 F8 & K 2 Jd 1 500 sl AR R 000 1 s
AL 17% )95 171 3 Bl CSPH,  [A] JH AS RE 58 B¢ iz ke i,
9 RFA Ak 1) B Ik =5 R RE 1Y PPG AR L o A 41 H 3 PPG
SEYEM B S T LR AESE, T BE R 42 N PPG 5
5 P JFF 11 7 K e s i 7™ R EE AR O

AT S [N B A BT R AL 1] B K S R A
B AT EUS-PPG WU 2 MY I IR R 92 . 52 ) /3 A
4, 51108358 B EUS-PPG, LA 1%, ol
KK 98, A M 1A 2 W I PR R PR T e k2
B (55 em, ENLFME) F1AR E BLFR N 2
. B IR AT BEUS-PPG #:/E 4 ) #5516 B
U B B KRR B T S TRV ERE L XD Bk o o R
MEE, RS T A b B AR T R K T
Huang %5 53 [R) FE R8T 4 01 2+ — 38 W i o 2
LT R K

A BRERGHRBHANRLFF, GGk
W, WAk AL IHAEES . JFHTA &R
H A1 58 8 EUS-PPG & 4B 2> {f F P B 5% W0 %% 2 i i
295 min, BIRKLKMAWEDEL M FALMMESR,
PRI X 1 2 o 5 AT T R R IR b B, R A AT
o BEFIEXE 25 CERE HAEN 0.5 mm A E,
AN Gy i B 2 A SO ZE LB AT . X 5 Huang
AR S A 12 9 FH 22 G 28 3 K6 £ #E 4T EUS-PPG
S B9 6 B B 95 1) K% Choi 25252442 58 5 83 19 i 1
25 G 2 B K &1 #F 17 EUS-PPG I & (4 I PR AFF 9% 45
J—F . Hajifathalian %540 #% 18 Xt 23 ] (2 & B 47
EUS-PPG, LA 1HIHI T A E RS BEIRIT
M) —at PEIE R A RFE . WA, ZE—Tifli 22 G
SERIE I B R 5 | ST A B I RIS, 40 471]
AR MBI MRS, (L6 FEE BT ARE
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M9 . 25 LTk, AW B b S w0 A OC i 58
g5 L W OR EUS-PPG #:/E & &) . L 4av 17, (E1%
— AR AE A L I 1] B8 55 7E EUS-PPG R J5
3 AT HFER AT VIR AR I & BLZE il 42 AT — 293 em x
3 em 1 JRy B IR, AR Xk i A E AT R R A
R E AR R R B AT A I BRAE IR, I,
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AW 58 EUS-PPG 52 it 128 7 o & 3035 40 9 191 47
TE T K T B 43 3T 2 i B AR R R
b SR ZERIME B o Oy TR AT #R bk E T2
FEAEF AR RIMERE BT, 1) bk 32 22 )8 SR 75 mT LA
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JEo MEZRBRITHEKETEIES B ALK
JE DA 35 — S A O, SRR AR RS,
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FEAEFE AR RXERS, 975k a9 1] # ik 2228 AL (Can il
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1 SCHk I8, P RE T A R £ o i — 2B i Il R
s s

JCHT BB ST 2GS OB TR PPG 4
S5 1T K = AT I PR A DG A8 bR L EF 4R T A
WA TR AR . FEF dE AL 0 S0 B2 0 101 . HVPG HE4T
AV T, 45 5 R PPG 5 BT 6 Ak & 1) 6 ik s
JE A B B AT A5 3 PR G M . R, X T R ik ot
sk i L B B U0 B 3 R 55 PPG AR 56 M i R UL SC
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