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Abstract

Objective: Evaluation of the predictive value of indocyanine green clearance test and two-dimen-
sional shear wave elastography for early allograft dysfunction (EAD) after liver transplantation.
Methods: This study retrospectively analyzed data from 33 donor-recipient pairs who underwent
liver transplantation at the Organ Transplantation Center of the Second Affiliated Hospital of Anhui
Medical University between April 2022 and June 2025. Prior to donor liver procurement, all donors
completed ICG testing and 2D-SWE examination in the ICU. Patients were divided into two groups
based on early postoperative liver function recovery: the observation group (n = 10) with EAD and
the control group (n = 23) with normal liver function. Parameters showing significant differences
between groups were subjected to logistic regression analysis. Receiver operating characteristic
(ROC) curves were plotted to calculate the area under the curve (AUC) and evaluate the predictive
efficacy of relevant factors. Results: The EAD group exhibited significantly higher Young’s modulus
values (Emean) of donor livers and preoperative MELD scores compared to the control group, while
no significant difference was observed in indocyanine green retention rate at 15 minutes (ICG R15).
Logistic regression analysis revealed that a donor liver Emean > 4.33 kPa and recipient preopera-
tive MELD score > 23 were independent risk factors for postoperative EAD. ROC curve analysis
demonstrated that the AUC for donor liver Emean in predicting EAD was 0.770 (95% CI:
0.574~0.965, P < 0.05), for MELD score was 0.828 (95% CI: 0.663~0.994, P < 0.05), and for the com-
bined Emean and MELD score was 0.917 (95% CI: 0.812~1.000, P < 0.05). Conclusion: Preliminary
findings indicate that elevated Young's modulus values (Emean) measured by two-dimensional
shear wave elastography (2D-SWE) in donor livers, along with higher preoperative Model for End-
Stage Liver Disease (MELD) scores in recipients, are associated with an increased risk of early allo-
graft dysfunction (EAD) following liver transplantation. This study suggests that preoperative non-
invasive measurement of donor liver Emean may help identify grafts at higher risk for developing
EAD postoperatively, particularly when combined with recipient MELD score for comprehensive as-
sessment. These findings provide preliminary evidence supporting the noninvasive assessment of
donor liver quality. However, the predictive performance of this approach for clinical application
requires further validation in larger prospective studies.
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1. 5|8

JHF RS (LT 2 &K A R AR YR 7 7 vk, 2 BRI Th Rk 2 o 1R 5 AR 7V [ 1] A T ik
SR E AN WK AT, LT A AR R A0 T H ey, —SedRikaE B e R A
Dhaett, BIEAEThAE. XLeH R BE LB B HEY IR IKE, X5 85 R G F TG
FIRBAEY) D) Re G (EAD) R, L2 2 5 R ETCYIRE(PNF) [2]. EAD M@ SCNTELE L FAREH I 2
M—T: RJGH 7 RBLZEKT >10mg/dL; REE 7 REPRELILE > 1.6; LUEARSERT 7 KN AST
8¢ ALT 7K°F >2000 IU/L [3]. H BB NE 22 1 S An v =2 AT 28 A, T AR 2 R B iE ks A7 A 1R
ZVEANIURE R 22, L P A0 O 27 o R 7 B )0 oo RS i AR % T D i 6 1) 00 6 FH DAY Ak JHF PO 4]
[5]o A7 —4EBTY)P% 50 B A% (2D SWE) & —F ) 2L 4K 1% 75 58 5 71 ik LA S B DI (0 ik, A2k
ST A% ERASE M BY U0l A P R AR5t ), ZEL 2 e R P it A 2 P B A R AR A T AR Ak [ 6]
JEF T e fifs % (0 I B EL G B T | WA 5 S (ICG) B BR MR, Bl 15 08P J5 14 1CG #f B K (ICG R15). HHT
ozt ERA—MA BTSSR I ) o sE dukl, DAL T 2% 1 FFAME R, 1CG it HEE . 4k
R B I 7 e 2, DA SRR R D Rt 45 (7] AN 90 J8 i USCBR IF RS A 32 2 % AL JIT 2D
SWE K& ICG RI15 ke &2 8, HUARTIN Z#H AR JG KA EAD WAl e, AHE 500 I PR IG BT AL
RELAE P o 2 B THOIN 32 25 V05 SR B4, BR AR EE RaRE W T

2. AREFZE
2.1. — AR REERE

P 2024 4F 4 HE 2025 4F 6 HELBIERIR LS B R B 88 B R AE PO B2 IR T R 10
3345, A5 20 41, % 13 4, BEFITHBEFANERIGAIBEAR. ZEPNIRHE: O FRE >
18 %%, @ HEAFEREGHT T APt ICU 52 % ICG {6 A1 2D SWE #6788, H A A5 BT T 4 b 1 k% %2
JERERE I R . FERRARE: © WM. BE s . I/ BEBEEE s @ T
RIEHEIZ BN RAEE . @ IRKTRIA 8 .

MR AR M 52 25 AR S5 5 AT ShAE VR 2 5 00k o 10 91k 28 EAD 1 N84, 23 BilAR 5 AP ShRE IE
HIE RN . AR, FrA#EHREESEEIRE, RMEHAZEMLHSEE. FEHRIRNEEBYER
BRAET NFEIRE B KR AR . X IS B O B B2 & RIS FR 70 0 il ke, JFRAE (kR
FHEF) (Edinburgh Revision, 2000) 1 J5 WA F I ENTE R & . S5 S EBEDE FA -
FER, MAFE (RN R E S RN R BT O T AR ICU 5636 1 JIEfif 4 Th Bl =& F1 2D-
SWE ¥ # . KA ZINAER O LB A LW AGHEST SWE 8, StEBCFEML, BRLE TAME, &
B A5 BT H-E3E VI T, BUOREMELE BT SRR AOVR BN 4~5 em, JE RGBT I . IHGE KHTE, KaHE 1 44
B B A G BRI e B A £ T BRI e AR A SR TR H (0.5 mg/kg)TE 10 s P A E B
S S T 5 ml ZEEE R K 25 mg ICG F o 48 H Bk i 43 6 96 B 74(DDG-3300K , H A%)iill & ICGR15,
ZARAE AR B ()RR AL A P HE B B 9k S AL IR E SO ICG MLIRIREE o 1A 48 i A il
805 £l 890 nm % K IR ISR I FE Bl ik ICG < FE, M AT LLE S & ICGR15.
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2.2. EFRIE

BEAAS AR 15 2050 ICG W B R (ICGR15)AIH AR Bl (Emean) . 2% 28 B AL A [T L% A & E/K
o MTESINa) . L0 EALHCT) f/MR T EPLT) . S ULEF(Cr). I35 SHL R (TBil). BAEER
BH(ALT). A ELEI(AST). TMEBFERER(ALP). y-A 2% B B(GGT) ML K [H brbs 4k LLAE(INR). 25K
BRI AR B (MELD) P43 RS AL 28 3 1R JHF I i 4% Dh B = AL VP A Child PF53 o

2.3. Gt FES

AWIERH SPSS 27.0 BAFHAT G 43 ELAL B2 Shapiro-Wilk f IR A 2 IES A E, LLIYEL
+ PREZE(X +s) R, HRHBCRAMSIAEAR ¢ 1550 JEEA AR EE A rb A7 2508 DY 43 £ A] BE[M(P25,
P75)]4iA, 2H A 2 Filid Mann-Whitney U f2 50 PPl o Suit27 B3 MEBIE B2 N P <0.05. &% (R A7 7R
BEZE RN, P TG logistic BRI BB ST K 7, Hodid 52 # TAERHE i Z5(ROC)
SHTVPAS I AL RE, THE I T AR (AUC) K H: 95% B AZ X [7](95% CI).

3. 58
3.1. AAIRKRZFIRNAEERS

PIALZCRI R FE FR FP A ST M FOB B {f (Emean) . 52 % RET MELD 14 e I [E B Ak B A
(INR)A %5, EAD 3 & THE EAD 41, HARWILEGH2E=E (P> 0.05), W% 1.

Table 1. Comparison of clinical characteristics between the two groups

= 1. FEIRRZERIELES

fabr EAD #(n = 10) 4k EAD #H(n =23) t/Z P
Emean [Kpa, M(P25, P75)] 4.56 (3.25,7.34) 3.30 (2.96, 4.10) -2.43 0.015
ICGrl5 [%, M(P25, P75)] 2.40 (1.77,3.02) 2.4 (1.0, 6.6) -0.216 0.829
MELD #4545, M(P25, P75)] 27.0 (18.75, 37.75) 15.0 (12.0, 20.0) -2.791 0.003
Child ¥F4r (47, X+s) 10.50 +2.36 8.70£2.34 —2.026 0.051
SCR [umol/l, M(P25, P75)] 81.0 (60.25, 98.50) 61.0 (42.0, 92.0) -1.234 0.217
Na (mmol/l, X +s ) 138.38 +3.45 139.96 + 6.72 0.702 0.488
HCT (X+s) 0.24 £ 0.08 0.28 £ 0.07 1.275 0.212
PLT [%, M(P25, P75)] 47.0 (35.0, 106.0) 52.0 (41.0, 85.0) —0.059 0.953
INR [M(P25, P75)] 1.81 (1.44,2.35) 1.36 (1.14, 1.59) -2.547 0.011
TBIL [umol/l, M(P25, P75)] 189.65 (51.30, 421.20) 72.9 (23.5, 145.7) -1.763 0.078
ALT [u/l, M(P25, P75)] 34.0 (27.25, 58.75) 34.0 (25.0, 44.0) -0.098 0.922
AST [u/l, M(P25, P75)] 60.5 (46.0, 96.2) 59.0 (37.0, 83.0) -0.235 0.814
GGT [u/l, M(P25, P75)] 28.5 (18.0, 37.5) 32.0 (21.0, 84.0) -1.176 0.240
ALP [u/l, M(P25, P75)] 93.0 (74.5, 178.7) 128.0 (83.0, 165.0) -0.607 0.544

3.2. [FREARG EAD Z4ERIBEE IS4

BRI R A Geit 2 RSN logistic [B1VA0 4T, H R ENE T K4 EAD, 4Z5RE
NHEE BT AL Emean F152 3 R AT MELD P52 FFHE AR 5 &£ EAD MEKIE %R, W& 2.
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Table 2. Logistic regression analysis of factors associated with EAD after liver transplantation

% 2. AT HEARG EAD X4 /Y logistic B354

Bl P B SE OR 95% CI LR
MELD 34} 0.039 0.156 0.076 1.169 1.356
EMEAN 0.035 1.289 0.612 3.628 12.031
INR 0.257 1.441 1.270 4225 50.929

3.3. ROC Hi&

238 HIE Emean. 323 RHT MELD 1¥75 P E LA T EAD &K AEALRER ROC 4k, ROC Hhi
2R 5oR, BT Emean M Z4A ARG EAD KZER) AUC A 0.770 (95% CI: 0.574~0.965, P < 0.05), %{k
MELD ¥4 il 52 A AR J& EAD &A1 AUC 4 0.828 (95% CI: 0.663~0.994, P < 0.05), Emean BX# MELD
M AZ AR A f5 EAD KA K AUC A 0.917 (95% CI: 0.812~1.000, P < 0.05), H-THEASERE], Bea Tl A
T(Emean & MELD #¥71) ) AUC BEA5 XA ER&E & AN 1.000. WA 1.

o ROC 4
’ Hi e
—— EMean
—— MELD
08! ~—— EMEAN & MELD
0.6/ 1
s
J&
JE 0.4
0.2
0'0040 0.2 0.4 0.6 0.8 1.0
1 - et
o £ B AR 1 AR

Figure 1. ROC Curves of the Diagnostic Efficacy for EAD
[ 1. 27 EAD X% %{8ERY ROC HhZk

4. i1ig

JFFF AL A2 1 P 25 A U 973 R0 8RR S ik JFF T B B89 (ALF) & 38 1) — Tl 249897 F- BE[8]-[10].  H Al
KZH AT A A LT, SATIAE T A E RPN — AN EE B R R R . BB
JFR U 5 R PR A2 2 — S A A e FFF AT, 3k SR8 I T 6 5 A o v M 2R 1 iR P T T R BRI 46 THREAS R 1)
RS [11] V2T TR, I S BT % T 28 5 DRI SR E . VA SR T AR 11 52 2 Bk I/ P EEVE % (IRT) [12] 0 A
AR SR AT VPA AL I I ThRE 2O B, H Akt T I VEAS B0 SAn vl 2 5 BV AY, (HHON A Ak A AL
PRI i, 2 FLANAR R 22 IR, JF HS i 45 RN E MR B R 22 57, oy WA or 7 THI 1Y)
AN—FE L 25% [13] [14]. FERMEE AL T HERP SEEEMNIES), F CT. MRI S5 2k Ltk
17, P FATAE A H ICG-R15 J 2D-SWE KiFAh (I &, R S5ZEREBE IR R .

W55 SR (ICG) & —Fh &8 T = 3RAE 5 RIE LA RL . SBKIES S, 1Zge ka5 sk v i 5
AL G AR E TR 32 BT 40 M I B HLBA 2 1532 2 ik 1B3 (OATP1B3) M 4H - iR R
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HAIZE A(NTCP)/ S i HEME S A2 0 3= EE 48 B4R & I L3RR H 2 24T 25 AH 2 B 1 2 (MRP2)5E Ko
ERERENZE, ICG EARNREIE P AS S HER, HERBAAENMAL[15]. BAE 1961 4, Er
TH R vz T ST SRR L [ 16]. BUE ARSI SR B, W& LT 5 ICG MiE kR Z ] LA
MEIAF YT EE[17] [18]. X8 ICG I I B4R R AE LT 2 ATy, X 28350 K R Tl (LA 2 5
EAFFREAEER, X TARBO TS0 T A A 1ICG K& TS A E R ARt A2 . R
TR FEAE B R 2 A R el LU A2 (A S 2 22 57(P > 0.05), iX 5 TANG %[ 19] (B 58 H A — 2L,
R ARAT T A 70 SR EAT (AR ICGR15 M e A I FHE E X 11.0%/min, FMEEF LR ICGR15 55 T I
BT, 3 ANABHEY SRR BRI Tk, RATRIABR L5 R AT ICGR15 f 255 EAD
2 2.40(1.77,3.02)~ dE EAD 41 2.4 (1.0, 6.6)&Biz/NT 11, XA Re&8A Aa 271 EK 2 —. JANSSEN
SE[20] R T8 H = 30 7R T ICG RIS L] RE i 55 SR M HEMERS R Th Rk o AATTE A4 1 T W E v
(R b L T I R L& R 1 ICG R15 LR, 45 SR BN A 1 1ICG R1S /KFAF/ER
KIIZES . RBEEEARFE T A, gk B g S A AR TR, — RYVE S m AR T . 20
WIEACP) - =iy, 4 B VAR AR 2 S B B, 49 it 30 70 2 05038 s A8 A0 DL K% 98 il R 6 28 0 o
Xk A FE AR T AE B 25 5, SUERRATA ICG R15 K 3 ASBEUER S 57 S B BT it 45 ThiBg,  rbA
TEAKF I I AR R 2 5%

JHF % HEL 1) FF O 6% L A2 D v 55 I 0 28 P ORI e B/ 9 e T 7 738 1 ) 2 338 o A AL P e 1, 98 3 452 4 1)
FEEFRE, SRR AEY IR E AER[21]. KT RRIAE M, — L BA O R TR (LS) 5 s i
AL Z IAAFAEAH RME, PARCET4EAL 5 I IR BB SR TG B Z IR B AFAEAH SRV [22] . — 4E BT DI 3tk it
(2D-SWE)j& — M BT O 5 vE, OO R UM T e i ) & JF S5 A 380 B 07) 38k 190 3 R VP Ak JHF A et
[23]o TEBYUISANE AR H, BUDIE 2 75 P2 AR R AR S Sk B 1, AR S I B R X IE(ROT) -
1) 22 L R R RAG T BT DD L, HAZE 5 A ot AR At A G . 2 BT U BT T
A E = p it HALUHER, H E 243V (Emean, kPa), p A1 (kg/m?), c +& BT JIIE & (m/s)
[24]. TEARWLHAJG EAD 4 59F EAD 4 FFARRE FE 7E 2 R 3= /0 A A7 78 2 2% %2 5% (P = 0.035), EAD 41iF
I Emean 4.56 (3.25, 7.34){= T-3F EAD 41 Emean 3.30 (2.96, 4.10). iX'5 HUANG %5250 7045 51— 5,
AT — 4B D 3 B (2D SWE)I R AN FET- b4k LS FH0F A T 4k LS 5 EA G R
YY) ReREIF(EAD) Z (R IV TE G R, KIW EAD 211 LS . 7—Iip & 32 ZIaik# 1wt iR, LS nf
PAFHI EAD, BT #ME A% 1 AUC 5 0.929 (p<0.001; s FAE, 4.35kPa; BUEME, 100.0%; $FF4E,
76.5%) [26].

MELD P45 [ Bt T R 48 A7 IR IR ™ SRR RS, I HAS5 R 5 A0 2R 3F ROREAH R [27] . 75 2 BRI 3 0
i, EAD @453k EAD 4R %2R AT MELD PF4rFE G i24 75 (P = 0.039), {EBHZ2 /AR MELD &
KRG KA EAD MO fERINE, X5 KLINZING Z5[281F FL 45 R —8. 1EAM 7+ 5238 R ATk 5646 br
INR 7E LK 2 ot R i B 72 e, (AAERE— B 2 R R AP I RS 5 2 7P = 0.257).

5. AMRHERMESRERE

AW TAAER TIRIRYE, EMRS RN T H . 5, FEARB/N = 33) Hov o m ik Bt
KT RERR T SuiEReE, S EER I RN A TR A B AUC R EE X E)AFE, FFEIN T EF W
IR . K, KT ICG RIS REELRTME, 7T HE-5 N SE T HE0R (K I 5) 77 27 B sl 52 i F e i
BT 5, AW FOEHE M CiE e e Wl . BEAN, RBERE AR A0 L (Emean) 5 T A9 4L 200 222 45 R (s
AR AP AR RER, BORBEPFA N B KA IS 2 o AR 7R SRR, 2 bt R AT S P
FORBAERXLEHL KL, NG AR A, IRAIRTT 2D-SWE Frill - 58 Ji5 ) A= 4 22 L] e LA
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