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Evaluation of liver viscoelastic changes in rats with acute liver congestion by
shear wave elastography

WANG Yumeng, WANG Kun, LIN Yuxuan, LIU Dong
Department of Ultrasound Medicine, Beijing Friendship Hospital , Capital Medical University, Beijing 100050, China

ABSTRACT Objective To establish acute liver congestion models in rats, and to evaluate the liver viscoelastic
changes by shear wave elastography.Methods Fourteen male SD rats were selected to establish acute congestion liver models
by ligation of inferior vena cava.Shear wave elastography was applied to measure liver viscosity and elasticity of rats in vivo
before ligation, after ligation, and after ligation release.The differences of the above parameters were compared.The correlation
between liver viscosity and elasticity was analyzed. Additionally, the change rate in liver viscosity and elasticity and peak time
under acute liver congestion were compared. Results — After ligation, the viscosity and elasticity of rats livers significantly
increased compared with those before ligation (hoth P<0.001). After ligation release, the viscosity and elasticity of rats livers
significantly decreased compared with those before after ligation (both P<0.001).There were no significant difference in viscosity
and elasticity of rats livers before and after ligation. Correlation analysis showed that viscosity was positive correlated with
elasticity (r=0.902, P<0.001).In the acute liver congeslion state , the change rate of increasing and decreasing of liver elasticity in
rats were significantly higher than those of viscosity (1=5.63, 5.49, both P<0.001). After ligation, the peak time of rat livers
elasticity was 122 s(95% confidence interval: 106 ~ 138 s) , and the peak time of rat livers viscosity was 110 s(95% confidence
interval: 92 ~ 128 s) , there was no significant difference between the two items.Conclusion Shear wave elastography can be used
to evaluate the changes in liver viscoelasticity in rats with acute liver congestion. In the acute liver congestion state, both liver
viscosity and elasticity parameters are increased ,and the viscoelastic parameters can return to normal level after ligation release.

KEY WORDS Shear wave elastography ; Liver; Viscoelasticity ; Acute liver congestion ; Rats

HGIUH FRK A RFEAE I H (82001819)
VR AL B AR R 27 B s b A i B B 75 B2 248, A T 100050
THIRVEE : X4, Email : winterwenny@126.com



© 2 . I PRAR S B2 2% 2025 4F 1 55 27455 1] J Clin Ulirasound in Med , January 2025, Vol.27,No.1

AU s R — AR TR A Y B A
SV R 7V Aok DN B R P Dk 7 2 2 b ) A R
JEEARAT SR P i, DA TTDRT JHF JIRE A 64T 7 M A 3P
Yo BRARNEOCT | BT R B TP ET Al ™ AL
R 1IN T 343 5 35 n ™, 8 A= 2 2 R ELA IR 4 2
P A EAT S e i H A B PERRPER . Zha
SN AR S5 N ) At S 56 R Bl 2 ) A S X
LR AR K B IE RS P A TR 5T, 45 2R R J 2
B (IRAFER &) AR M S8 (FF i i) 5 A [] I 21 4
A AR OG o e A, AL B DR 3R A0 I s 28 1 %
i S5 I AT 5 0 JHF 2 2 Ak 2 7 oh 0 DR G S o R
LA T 5 I, R VA8 o 3k 2 14 1 T B
TEN 3 RAsth e 3 2o BRI . A TR 2 Fir it
SIS R B RS AR Y R BRI AE AN 8] i v IR A T 45
FPL A [R] A G s, DT AS: HEY L 3 38 IR A 2 R il
JHRERG SR A 2598 o (BAEMOIR ST I ) 2 51 B
L IAE FE A 1 AR AL A i AR B A . H AT Y Hologic #
0, 22 8 75 2 W ASCAS (EU AT g 5 470 98 e P A5 55
e A P B8 52 (] Fof 30 T 37 P 288 85 Y- T 9B 7 S P
AL FIERG . T, AR S g vy R Rt
MAEAY, 5 157 59 U038 35 JAR DA G M S i i R
AT ERS A ) AS A O

MHEIE

— SLge ) AR KA AR

B I 3 i 77 9 ME SD KL 14 H (db pt AR BLRE
AR A A RS w4 L), 10 JJ 8, P 0K i =
(300+£20) g Ji [ LY Z2 BT S (FiE45: P3761, FLA -
10 ¢/L, 3 [& Sigma 2 H] ) o 32 [E Hologic SuperSonic
Mach 20 % {4,235 168 A2, Co-1X M Sk i
1 ~6 MHz, A< 5256 28 3% 5 ) 49 1 1 R45 B 2 D2 254t
(LS :16-1010) .

=S Tk

AR ST - SEBGHT 8 h INIT A KRS & AR K .
K FH NG 2 HE 2 80 T 59 (5 milZkg) (E 47 B S P 12 559 Rk
R JRR TR 15 2 i 10 R B D R, 34 e, T8I 98 M AT
JEFRIE U] O, B R JHE , 2 W SR 0T, e A T
FIK SR 5 T IS e 5 A e AT s Ik (&1 1) o #7
DR RO IR 25 € ph i £ €0 20 8 8 S G 21, B 32
B, P R BRI DA AR Ny Ty . AR S 14 1
R B8 By e 37 A R R A AR 0 A 28
HYESHL

2. IR ZE s S 800 i K oA R A k& T

KPR AT (B 1), K A R 3k [ o 7 B HLAS X
JHRE it AT AR He 7, R R HE (/A 1.5 emx1.0 em)
BTSSR X (E AR 3 mm ) /R T Al L
BB G50, o ) T LA (AL e S A LR
K RUH IR RV A (8 . b 45405 TR — 3
Pr AT Z2 0, I B 1) 5 o 45405 30 5,60 5,80 s
100 5,120 5,130 5,140 5,150 s 1 180 s; M 1 45 o J5 B¢
JICT R K, T [)—3B A Bk AT 22 Uk D 0 S s )
SUORZEFUBIE 30 5.60 5,100 5,120 5,150 5,180 s Al
360 s, B> B[] i 28 3 52 0 6 3 9k, TR 45 2R 0 ok
3 YR 8P A [ NS e PEH5 55 (ST) >90% F i %k
AAG T o R R 5k B 8] w5 2 W] FF U s R0 285 (L P
b (] ) A8 A 45, IF 31030 IR A ) [B) S-S5 B . AR S ik
W25 FL 5 T E 2 Pk 5 50 B A 25 L RS s T I
RSB URIMAE A BT o TR 2R R 2
A R Y R Y (2 R RO/ Wy A o
(S5 LG e KAE - 25 LT SR AE ) /45 LT Rk (E, TR
AR = (5 L5 F KAE - 25 LR UG e/ IMED 145 L5
IS YNIE

B BRI A T s AT Ao I A5 e e A I KO 7
JH S5 st GO P AT 374 746 (S 1221 T BioRender)

= Geit b B

I JH SPSS 22.0 G it Hift , TR BB mes 78 , A
[PIRZS T I E R S S A L BCR Ay 2200, 2 1
R Bonferroni 125 3 AR R PR 5 5 M (H AR (L 28 LU AR
K FHBCASFEA K56 o PR (R S (B A AH DG
KT R Spearman A5 1L . P<0.05 R 256 48

PR,
& R

ARSI A 14 R BRUFIESEE s h F 3 H
SRR EE SI<90% UHERR , 2L A 11 R ERZE MM
— AFPRET KA IR S5



Il R R 75 [ 22 2 2025 4F 1 A 465 27 25405 134

SEFLTT R BT EREPE(E A (1.10+0.34) Pa.s, L1
{4 (3.69+2.03 ) kPa; Z5FL 5 K ERUHIEREVE(E S (1.94+
0.44) Pa.s, # 1 AH K (9.66+2.85) kPa; 45 FL B il Ji K
B JHF U 85 1k {8 M (0.9220.45) Pa.s, B (B 4 (3.14+
2.31)kPao Z5FLIE KB E RS AR AN S E (24 A 5 4L
FITE R S5 FLRE S IR BRU I 2851 (R s {34 A 2
LR RN, 22 53906 it 22 5 L (3 P<0.001) 5 25 4L i
S EEFURE UG R B R Z M (8 R stk (8 b A 22 5 3
TGt E . WK 2,
= SRR AE 5 s B A OGS B

FHOCHE 3 AT Sl s, I R P (5 i v {2 TR A G
(r=0.902,P<0.001). WLK 3,

MI1.6 TIb 3.2
ID:  PID_qKnhc78FHedMBZS C6-1X | H# 1 ABD)

+Q-Box™
P

AR
W/ ME

WA
sD .
> ViPLUSSPI 1.2

0.9cm
3.00mm
91%

MI16 Tib 3.2

ID: PID_qKnhc78FHedMBZS 61X/ I# 1 ABD

Vi PLUS i 1.5
Vi PLUS SD

Vi PLUS F{il

Vi PLUS i

Vi PLUS SD

A ZEFURTIFIEBEPE(E A 1.2 Pa.s, #UPE(E N 3.8 kPa; B: 2530 )5 IF RS 1
{E4 1.6 Pa.s, BidE(E N 7.5 kPa; C: Z5FLBEHUS IFAE B ME(E 4 1.0 Pas,
FPEE N 3.1 kPa

B2 (Al — KBS PR ZS R B U0k s A4 &

J Clin Ultrasound in Med, January 2025, Vol.27,No.1 « 3 .
3
Tn 2
H’.ﬁ
@
sal
=
Z r=0.902
oo® P<0.001
0 L L B B B R
0 5 10 15

BAPE(E (kPa)
B3 HFIER (8 5 0 (R G S BT 1

= VRVE A IR SR KB E R PR S (R
AR L

25 FLJ5 K BRI S M (B | A2 4k 2 (230.66%+
103.36%) W % = T & PR (A L A8 1k 2 (89.87%+
49.11%) , 25 FL Rl 5 A BRUHE IR 384 i [ A2 b
(74.30%+12.63%) . % = T Fh £ (H T B 22 b &
(53.47%+19.55%) , 22 5 4 Geit2# 2 L (1=5.63.5.49,
¥1P<0.001). UL 4,

500
~o- it

400 - -o-FhiPE(A

LT (%)
o 8
1

N

200 -

=L

24200 -
100 =
T T
LAY B @
5007 - P
'\+ BilE(s
400 =
P 300
=
i \

100 =

0

dﬂﬂ‘riﬁ %ga‘rls'-;{a ®
A+ Z5FUIR R BUFFIE B M (8 5 30 b TSR0 L s B 25 LB HOR
R U 6 (1 15 M I A28 50 L
B4 AT IR T A BUFIE B 15 BUrE A8 (R0 e
DU R BRI 53 1 5 280 1 (R W o ] Bl
25 FL 5 I U I 53 3k e 15 1B A 122 s (95%
A5 X ] - 106 ~ 138 s ), Zf P E 15 W 1 8] R 110 s
(95% Wl {5 X [0 :92 ~ 128 s) , & i 2% R L5 it
247 U (1=1.098, P=0.284) . M3 ¥ 45 FL )5 4% I & it ja]
S B R B U S RD 2 M A AR Ak il £ &
RS



-4 - I PRAR S B2 2% 2025 4F 1 55 27455 1] J Clin Ulirasound in Med , January 2025, Vol.27,No.1

= g N
o3 o i

FhTE(E (Paus)
s

0.5
O'O | | | | 1 | | 1
0 200 400 600 800
] (s) @y
15 =
—~ -
o]
(=W
=10
o
g
50 | | | | | | |
0 200 400 600 800
A (s)

A BT ARALZR P 5 B P AR Al i 2R P
5 JRBUIT I ZRb P R R (i 0 At 2 ]

SR

T, W s 25 23 i R g 7 A AR R A
PRI J7 9 00 JTF £ 2 A R A5 A D RN 200 o P
TG — T 0 U g A ) AR A f AN D7 L E i
BETZ I TR R, HBE S PE i SRR AR B I S T
5 G A F 98/ 1 JHF I 722 AT S 14 368 i) BURE
2™ EHTRT R S 12 SR 0 3 Jli 5 v B
T Ay s HHAE R 2 5 AR, (H B vk 3
WRIIEY A LA MR RS R oA S
B SR S — A~ B B 1 2 ) R U AT 0F
o ARG RS IE BT 3 T4 A
BRI BRI TEAS 5] il 370 98 1 RS R S R B AN [+]
R oh S R 2350, DAY A 0 L 3 3 AR A 2 S e T
R (AR AR ST A JHF 206 5844 I ot 3t 4
KA HET A A . Sugimoto 5B 5Y XA A
R B ZRG SPE AT T R, B0 50 1 I i 5
SN AR A ) E A AR S S TR R A
MAEHY 137 S Y1 3 UG AE TS RS T 328 W
JF I SR AR AR S B0, B T A TR R A E S S
SRR MRS B KR

REAE C A WF RS 1 i 3t 2 55 68 5 ] 1 O
2, W Ipek—Ugay 55 WA 5Y & B i Valsalva s /E W] A=
P /D e DK I GAE e DA T I ARG TF UE A 2 5 Wang

G R BT INZE B AR R IRYT S R Dk P
(%) P I A 82 S 2 A1, L HG 5 R kO 0 AR OG , 3 aT
B2 H T A 25 A ik B8 1 I 52 5 g il 25 T U 5 ot
T b, 5 50 O A 8 o, i P Ik P 3 S T 7
I 0 0B PRI AR 85 AR . b R 5 ) R WD 1
Uit T AT 5 T A S o 2 DU e A
ARSI A5 18 5 H— 3, AE 20 R RS R 1 3
e ) Vg I G =1 ) = N N ML 5%
PR il IR Nl Nl =W R e Y = RN ST = I
S ARG T 5 L R O 43 B A2 B R BT I R
5B 5 TF AH 06 (7=0.902, P<0.001) , 43 # H J5t A
R AE ST 98 IR DR B BT U il S5 B LT, BY
1% ) A 05 o B 34 2 1 , H A4 1 Sl 5
JH I 33 5 VD AR 5G| 19 2 Bifi o 5 U0 A 8 1) 34 DT
i T AR AL 28 5 R PR S AR DG

ARSI A A T At IR DR AT R BRI 2
PE(E 5 gt (AR A 2, 25 5% 7R K BRI sk (- 7
KR AR A3 3 1 2 TR BT SR B AR

A G X (1=5.63.5.49, 1 P<0.001) . 434

AU S IR RS BRI i 8k 1m0 3 A2 B
rh KO TR L IR B XOR R T 5 R 2 R
AR 2 bk 24 0 TR IR R DT S O M (Y AR Ak
AF 18 K T 2 P 2 S HL S I 3 Bl ) A
PR G, A4 103 I ZH 209 1 U S BEL T, B AR DA Il
RASTF IV R AR ()35 B 238 D0 JF 286 | (E s o AR
SRS B, B — g R R P A&
A PR B S (R B 2 A A B, R PR R Y 72
W22 o A S A5 LT R BRI 35 3K g el
[6] 2 106 ~ 138 s, Z PEAE ik WS B [H] 29 92 ~ 128 s, R W]
A PR T U IS P R AR A R 285 1 1 5 s 81k e
A, X AR B T 35 [R]85 A R DG 5 T P U 86 42 1L
AR (A TR LR AR AR AL B B (6 T B R afi 3 v
T AR Ak 0] B8 SO (R AR S 56 e B — 3 TR U i (1]
I 25 g it20 0 3, A i il B H TAEA I /N
BT

ARSI 1) Jr R - OFE A i /0N, BT A 45 A vl e
32 SR AR S A K 5 QPR AR T PR R (] By 2
I IOk B 5 B 7, A 3 A P T 8 5 e 5 e Bk T
ARG , & Ja L4 RAEA &, 14 0 bk ) S5 40 ¢
SR E IR 22, f i — IR AR R iRk 1Y
S R 2R S AR A A

gi L rad , i 55 U0 3 sk AT OE M K R A
AP D LR ST PO 280 A e 1 2 P 155 0 5 A e P D o



I PRAR A R oA 2% 2025 4F 1 A58 27455 1] J Clin Ulirasound in Med , January 2025, Vol.27,No.1 -5

RET

FONFRERE S S B T, R B AE AL

TR AR A 5 JFPAIE 0 370 988 15 M R 2ol 5o P AT A AT O

P,

PO LA AR A 28 A 2 B T R 2 O

HACE R T IRABEFEA [R5 IR ST JFFHE 2 344 fr)
BRAEEE L.

(1]

(2]

(3]

(4]

[5]

(6]

[7]

(8]

[9]

S 3Lk

Cosgrove D, Piscaglia F', Bamber J, et al. EFSUMB Guidelines and
recommendations on the clinical use of ultrasound elastography.Part 2:
clinical applications[ J |.Ultraschall Med,2013,34(3) :238-253.

g SCIR] PRSP [ M ] I s KEICE kL, 2002 116.
Zhu Y, Chen X, Zhang X, et al. Modeling the mechanical properties
of liver fibrosis in rats[ J].J Biomech,2016,49(9): 1461-1467.
Parker KJ. A microchannel flow model for soft tissue elasticity [J].
Phys Med Biol,2014,59(15) :4443-4457.

Liu D, Li GY, Su C, et al. Effect of ligation on the viscoelastic
properties of liver tissues| J].J Biomech,2018,76:235-240.

Popa A, Sporea I, Bende F, et al. The non—invasive ultrasound-based
assessment of liver viscosity in a healthy cohort[J]. Diagnostics
(Basel),2022,12(6) : 1451.

European Association for the Study of the Liver, Clinical Practice
Guideline Panel, Chair, et al. EASL Clinical Practice Guidelines on
non—invasive tests for evaluation of liver disease severity and

2021 update[ﬂ .J Hepatol ,2021,75(3) : 659-689.

prognosis
Li Q, Dhyani M, Grajo JR, et al.Current status of imaging in
nonalcoholic fatty liver disease [J]. World J Hepatol, 2018, 10(8) :
530-542.

A TRR Bbhar S R R AOR B RIERR AR 76 IR ot 52 56

IR SRPES RO 22 57 (). I R SE 36 R~ 2406, 2019, 18(19)
2017-2020.
Sugimoto K, Moriyasu F, Oshiro H, et al.Viscoelasticity measurement
in rat livers using shear—wave us elastography [ J]. Ultrasound Med
Biol,2018,44(9) :2018-2024.
Ipek—Ugay S, Tzschétzsch H, Braun J, et al.Physiologic reduction of
hepatic venous blood flow by the Valsalva maneuver decreases liver
stiffness[J].J Ultrasound Med,2017,36(7) : 1305-1311.
Wang H, Shi H, Cheng J, et al. Real-time shear wave elastography
(SWE) assessment of short— and long—term treatment outcome in
Budd—Chiari syndrome: a pilot study [J].PloS One, 2018, 13 (5) :
€197550.
Naganuma H, Ishida H.Factors other than fibrosis that increase
measured shear wave Velucily[]].Wuﬂd J Gastroenterol,2022,28(46) :
6512-6521.
Chen S, Sanchez W, Callstrom MR, et al.Assessment of liver
viscoelasticity by using shear waves induced by ultrasound radiation
f()rcc[]].Radi()l()gy ,2013,266(3) :964-970.
Cetinic I, de Lange C, Simrén Y, et al. Ultrasound shear wave
elastography, shear wave dispersion and attenuation imaging of
pediatric liver disease with histological correlation [J]. Children
(Basel),2022,9(5):692.
Ormachea J, Parker KJ, Barr RG. An initial study of complete 2D
shear wave dispersion images using a reverberant shear wave field
[J].Phys Med Biol ,2019,64(14) : 145009.
Pernot M, Villemain O.Stone liver , heart in danger: could the liver
stiffness assessment improve the management of patients with heart
failure?[ ] ].JACC Cardiovas Imaging,2019,12(6) :965-966.

(ki B - 2024-08-29)

(ImREREFRE

il R 7 R 2 A A ) A 22 [ B Lo, SR A S AB02 W R) T TR SRR DT T — R T . RINAMATIE R AT, A Tl
O R L RRE T SCRAIE 2 (CSCD ) SRRV )™ RO R (P ERHGR SCEETH I D o B I RBIESE \SEIRWF5E o Bili il |
RV A RPEE TR R SCRFARE | 00 7 2 2 AU (2 W 5 107 ) SE BRI 1k i, S ™ K e A 75 B T ANATE TN 57 9
PR G A AR5 .

AT . ISSN 1008-6978;CN 50-1116/R. HE&At5:78-116,

METTRE

B MY - 190, RAF 228 JU(FTHRATF 9% ) o 14 31 4 [ 25 i R Jm T 1) , A0 Pl A0 2 o) AR ) 5 B AR T )
Mokl T PRI A DX V0 745 B PR B R 2 W I 25— BR B P ik AR P R 2 2R Ak S . IR i - 400010

H1%:023-63811304, Email :lccseq@vip.163.com



