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Abstract

Portal hypertension (PH) and its complications in liver cirrhosis remain challenging to assess and
manage precisely due to the lack of functional information from traditional imaging techniques.
Four-dimensional flow magnetic resonance imaging (4D Flow MRI), which non-invasively quanti-
fies velocity, flow volume, and directional characteristics of the portal venous system, has emerged
as a revolutionary tool for PH-related complication management. This review highlights recent ad-
vancements: Technologically, 4D Flow MRI integrates velocity encoding and respiratory navigation
techniques, enabling rapid scanning under free-breathing conditions. Clinically, the modality non-
invasively acquires hemodynamic characteristics to estimate the portosystemic pressure gradient,
dynamically monitor portal venous flow, assess complications (e.g., variceal bleeding, hepatic en-
cephalopathy), and evaluate stent patency, thereby guiding personalized interventions. However,
challenges persist, including insufficient sensitivity to low-velocity flows and the lack of standard-
ized protocols. Future directions involve enhancing performance through multi-VENC sequence op-
timization and artificial intelligence modeling, as well as establishing multicenter hemodynamic-
metabolic multi-omics decision-making systems. This review elucidates the clinical translational
potential of 4D Flow MRI, advocating its adoption as a core technology for whole-cycle management
of liver cirrhosis to improve outcomes in end-stage liver disease.
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1. 53|

JH-AE Ak T Bk = s (portal hypertension, PH) 3 A6 ™ B g i) 38 AE A7 R B 5 1S o P s (hepatic
encephalopathy, HE)/E 9 A4k 8 35 i DL &\ RIS, ROm I 30%, HSIBMET AEmES
AR RSB RO IR RS BEME A 1] 78 PH AHOCIRARRE, B &8 ik i 5k p 24 i if (variceal hemor-
rhage) B R B 5, 6 JHINFETIZATIA 20%, 1fifs Child-Pugh PF4rBRAEE T & 2l 1 H I35 10U 0 2
[2]. b4k, BE/K 5 HFE 22 61E (hepatorenal syndrome, HRS)Z5 I & JE T S PR IR, 33— 25 Insdt e s i3t
I PR AR AR (3]

TR Bh 77 22 VA TR AL LA A H AR OO PRk . 8 A B REAS I T ik Il A i, (H L R
ZEAEE AL SR E R B, HOME LS = 4 R AR A A AT (4]0 CT LA & 52 BO0] 37 B 4
NMUE R Z58, HTGERMEA S MR ReE S, JFEA s (5], % ¥ 2D A% MRI (2D
cine phase-contrast MRI) £ S B — i [A] s SRR |, AH 5200 TP i s R, M LLRRE AT 2 1 18]
RARMMmAZ AR 4], EREERE, RIS EY(U0 APRI. FIB-4) B4 FH T 40 5 R X
B VPAl,  AEXT Tk R G L3 30 77 = A A BUR AT A 2 (6] fERE T 50T, DU Mg LR s fg
(Four-Dimensional Flow MRI, 4D Flow MRI)itfi ik = 4E [8] 7 #F M g AR, Sl 17 R85 R 4
M N7 M SR RPE R A, N RBUL G R TR (4] AHER RG4ER 4D Flow
MRI 7ZE 40 PH 1A% 5 5 A RE# 2 A A 583 g
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2. 4D Flow MRI AR [R5 K TPk
2.1. FEERFS

4D Flow MRI Ll = 4E (1] 43 BEAR AL EE A% (3D cine phase-contrast MRI) NH AR A, i = g &
AL SLEL A AN B I R sl J1 2 S 5 E A7) HAZOEARBIFET: © HEERIL(Velocity Encod-
ing, VENC), i T 15 18 5% BUR R FE 37 N A5 T, RS HEVTIC H A L RV R, AT 38 (5 5 IR 8 8] [9]:
@ Az AME, RAOHRIERE RER G IR SRR IRILA BB ER ek B SR E), &M
WIS Zh D5, B AR AR I I B O 25— B0 [10] [11]. AHEE T4 40 2D AT L MRT, ZFEARIEE 4
MEEBAAR ARSI “ —uh 7 MRS, SR RO MR S E B 734, I [R5 SR
T T A SR A R[4, [EREENE, EES k-t I AR U0 k-t GRAPPA X k-t SPARSE), 1f
TEARFF LA HOR FE I RTEE T, K i () 45 50 28 ) PR A A T 19 3~5 43, BB R FHIR IR AT AT 14 [ 12]

2.2. MRAIR

TR, FEE R EARRIIE, 4D Flow MRI 75 ILE 908 VP A0k n 32 3 BRIk 42 L 30 715
B S RVE RS 2 2 0 VAL COB A0 T bR AE A S 7 28131 SRTMAENZ U2 4k PH
For, HEAR R A Bk b 4 i 700 32 252 BRI i U B AN 2 (T ki AT 20
en/s) IFIRGE ZN T30, IXAEMDhRe kA B U R . AL, B Z G — 1 5 AL B R A R AR
FRCELHE LS 7 B SRR AR 3 B AR, B il 24 FL I PRAE S () BB B AG [14]
3. MRaIAZEENE PH (L

4D Flow MRI Ay H = 4ESh A M AUE A, Bete Jo a1 K U A 838 T TR R Ik R 4 4 e & i sh
NS4, N PH IR HEPEAS St L B AR Rk P . IR, 2 DRTHEERE FUS0AE 1 iZH AR AE W T i ik
¥ F(main portal vein, MPV). i ik(splenic vein, SV) J i R I & ik (superior mesenteric vein, SMV) % 4
MmSH AR He SA[SIBAFIRT T SR, Skl ik 4 85 MPV. SV L0 28 4 g Fent il 20
WER, RS T IXESHAE N TR EAREYIE RIS 7. Hyodo 55 A [16] 815 142 Hi AR X 4T B ) 8]
(relative residence time, RRT)IX —#Z&55 4, &I RRT “FMEIEKSE [ TEH K M4 (portal vein thrombosis,
PVT) S T ] 1, BEA /N 85T S22 58 7+ PVT Pl Rise, b 28 T 1 £ (area under the curve, AUC)
M 0.77 $2TH2 0.84, 4875 T 4D Flow MRI ZE VAl MLIATHA K AR BTIRZAS MR . Hyodo 55 \[17]
RTINS ZE ARG 10K A S LI B 38 0 S e T T Bk LR BT AT, AT BR IR BN A SR I e A A R 3 P 1
A AR A2, @It %S 4D Flow MRI JR 46548 5 1HE AR 3) /7 % (computational fluid dynamics, CFD)
AL, Riedel 58 A\[181MINSEH T 14K K S48 & (portosystemic pressure gradient, PSPG)JTCEMEE, H5
HRIFENERFHRRE vk 0.77 (P <0.001), FrEBZBARLE KL ITE B VPG I R .
4. FFEL PH H R AEETE
4.1, RBKEITK T R BTN 5 5 2

VE R IR S5 e B B SV P R, e ot 7 L L PR o XIS 29 J2 o0 40 il A O = L. 4D
Flow MRI i &4k 188 K R 80 0 I & ) SR = 48 MRAFE, N B LR 8h 7122 0 JIE 52 4L 7 i
. Motosugi S5 N\ [SIRTHEMERT TR, FFEMKIMA > 0.1 L/min (100%BUSMER 62%45 72 1%) . 15#k
JiE/NT SV A SMV it Z MI(100% BB, 94% 45 ) W] A e & ik it 5K AR S PN PR 5. Karam 4%
N9 —HESE, SV, TTERIK & TUILFL SN /1 FRAE B [F A, AU BEA X 7 BB wR kit ik 5 B R
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PN

Frlik ok, SR> 45% AR E N B R, SEOURB IR IT IR . RIS RIEM A&, Moon %5 A\ [20]i@ 1t
L 4D Flow MRI (U0 T8 KR FE) 5 N BR 20 (OAE, R 2 REAS TR AL, A 55 ik th 5 He o XU
TR R e M B — B B FE R AUC 0.762 $27H % 0.871, BEMRAL T Ik K TR 1% .

4.2. HipHZERNEER7

FEFFREAL FE RRE B FR A S (14508, 4D Flow MRI JEIL H MR (1 5 AR S B . £15%F HE (93 sh /1
WS, Higaki 25 A [21 385 F4RIEIESE 4D Flow MRI A ZhASTEAE 225 Bk A T 14420 R (Transjugular
Intrahepatic Portosystemic Shunt, TIPS)A & [ &K MLk 5 5 M KGE 1Sk, Tt it —09 g 7 H M
%5t Hyodo % A\ [22]F]f 4D Flow MRI & &7 1AM ik ZEAR G I R LK M 7 7] B B 4%
FAFP < 0.05), FFr AL =4k MIRFFIE; Hamasaki 88 A\ [23]AFIF LR, BRIEPHZESATERIK ARG
I Bk S JER K LI T 26 2 B TH(P < 0.05), HLIMLIA T 1) FISEAERF 295 70%~100% o X L ¥ 4522 1], 4D Flow
MRI i 2 SN HE FINUEIRENT ST B0 TR E 2 s 5 k4 . TERR DR Judt g B,
Keller % A [24] B8 PEFE H B FE 0, A XCMBILIRTE S = (AR + ShbkimE + FikieE < 17
ik 53 B A Eey AR AR, AT EUUN T A ANRIT R B O, IS BBUS M SR 100%.
Brunsing 5 \[10]38@5d 4D Flow MRI SIS ) LA ] > 15%1E AN NEITERIE, H5 MMt
H <50 x 10°/uL FIFF &35 92%. WAk, Nadim 2 A[317EUEHISLIRTE R hoRif, A S T i 5
IR Eh J1 % AL YIRS, (H 2487 4D Flow MRI 7E AT B AR R

5. TIPS REEN5H & EETE

4D Flow MRI 7E TIPS A& ML 50 /72 3h 2 -5 TG VP4l R AN AT B AR B AR L5 - Bannas 45
25BN FIRE T8 R T, A AR A AR AL TIPS A J5 [ T8 WK LI T2 AR AL, 38 AT P-4y 2
7K A SR AL B2 MR B F1 2435« Stankovie 25 A [26]F0 BLFERE AT 78 2 GIESE, TIPS AJg [T ki i
B ML 562 + 373 mL/min ¥ % 1831 + 965 mL/min (P < 0.05), [F)I} A0 &2 FF 30k Mz A L M 176 +
132 mL/min 3% % 354 + 140 mL/min (P < 0.05), 7] BEAEREHE I R 22 A S 55 B G (i DD R sh Bl 0
i), AHEN MR EE B, [HAERSE, Riedel % A[18]8IFM 1454 4D Flow MRI JRUR%dE 511 5
A5 112 (CFDY@E, 528 T PSPG ITCEILTAE (r=0.77, P <0.001), T TIPS 37 48 FE Bk A% (I HER R ik
80%, 3K TAEGIMAEIE LN NT R, AL, Zheng Z[271/0 M K BLE KM E SRS BB 0w m
FR B 1] B B AR L AR AR 5L 5635 SRR 5% (r = —0.385), IR IR MK 2338 T T BRI ek o 4
TR
6. NERFRE

4D Flow MRI FEAFH A 5E B = 4esh A Mt G L3, fERHEAL PH IR AOME I TIN5 AL B v g
BLH A PE A ZBORIED RS MR T R GUTOE . R AR PR, ORI B R K ek
IS 7 Z AR R, SEBL TIPS ARJA ML 706 EhS WEI,  JFAE PVT FRRZAS IR T BUAS Sl a2
I RTEVERT FEUESEH B B AL SR AN B RS A8 . R, Harwt iy — € /iR
Ho—, BTHEEAL PH JFACRE, 40 HE. HRS IMLREN /AR B R 583, SRZ IR RGERIE; H =,
JFFREAK 1] K 28 4 (R R A A AR DR 285 52 PR BUAT BRI 8]/ 18] 7 S B0 900 2 KA T 50 %
FLIRTAM US: 73 JE AR TR F e PR (e R RE -

AR THTAR A MELRA: B BARSAE T 2 VENC @& Fr SR 5 TR I 5 ST SR AR L IR ZE AR
IEBCRIN =4 U-Net BRIPLZEN 25 & THIRIAE (5 5 3R AE 1 oz sh Dzl Zng, Hrh IR S8R
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P, KR

R A SRR T SRR Z I 0, W8 5 D N T ORI A s i A vh SEEL S T sl AL I
HHA RIS L, (H AR B i B I 2558l HL R S0 UE T4 @ el X 32, 112 VENC Bl & BOR 7T fE
X i T 25V R F 2 B AR RN RS 5 BP0, (H R B R 18] 5 H S A BE A
7 N 5 2 L LA 5 A 3R R/ L A1) e A5 M L DAOR B I B R B2 (28] [29] S WU SEARHE A S 80 & 1
(R T 2 T e 1 o A R WP E Bl kS BB AR ), il R S B B A m A ] R B S AF:
HEZE o [R] I il 75 8 5 2 BOS B (AR AL . RGUESOERR SV MR - AR - SO0 2 41 2 SR AR
R, WIHf 4D Flow MRI S S80S IR R FEAF 1€ EORHK, @A T Iiitsh 122 R M o R & Bl AR, 45
BRI 07 H R PH AR, TR TR B T B IR FR[17]. & HARET IR Z
CoRTHEPERASIBIE AT, 7> =R BUR ST IR B #4228 — B BOE TR IR R JE G 7 Zbndte 58 —F B
TERT AL AR TS BUAEL, 28 = I Bethil e 167 Fa A PG 5 565 VO RIRIR R FSCRE R S8, Mk
AR AR S B T 9007 o B RHa A N TR RS Mmsh 71 e, HH Sl PH HFRREM 4
BB EAL, BAMILEIRT T2, R s AR 8 s
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