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(WE] BA TSR (CEUS) ERSHOTNIIET 4 B8k (DBD) fEExisz# & 4B 6E
FERWKE (DGF) WITINME. Fik BB HT 134 4] DBD {35 K6 202 61'B A2 2 1 IR R PR, AR 40 B
MHAS B a2 2> 0 DGF 241 (39 4] ) AIdE DGF 41 (163 1] ) , HCASHIZ B MHA . CEUS S0 IR
o RAZIAFE TAEFHE (ROC) ML LIS 2818 5000 € CEUS. RS 50 M # 1 & Tl DGF 1 e A #RIL
fH, TFHRFESEEN DGF 19ie ). R WA L E[ERE (Plc) . BRERIE(EMRE (PIm) , B HEA
(ALB) . APBi)a @ KILIENEF (Ser) , &3 NaWE 2R A S22 E L (3325 P<0.05) . CEUS Z#{ Plc,
PIm Bt 45 LA K Ple. PIm BX A I PRS0 DGF WY #h 4k AL ( AUC) 43514 0.711 F1 0.808, fef:#kHu{E N
0.193 1 0.191, 2y T840 0.382 F 0.517, RN 0.769 Fl 0.769, F5 5 &~ 0.613 Fl 0.748, J5 & H Ml
DGF ) AUC & T, 2R AR#E L (P<0.05) . 48 CEUS &34 Plc. PIm il DBD {5 % 3% ¥
DGF A RAFHTRIIMHE, BEEIRIRSEIZ B REELE.
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[ Abstract] Objective To investigate the predictive value of quantitative parameters of contrast-enhanced
ultrasound (CEUS) in evaluating kidneys from donation after brain death (DBD) for the occurrence of delayed graft
function (DGF) in recipients. Methods The clinical data of 134 DBD donors and 202 corresponding kidneys and
recipients were retrospective analyzed. The recipients were divided into DGF group (n=39) and non-DGF group (n=163)
according to the renal function after kidney transplantation. Conventional ultrasound, CEUS parameters, and clinical data
were compared between the two groups. Receiver operating characteristic (ROC) curves were used to determine the
optimal cut-off values for predicting DGF using CEUS parameters, clinical parameters, and their combination, based on
the highest Youden index. The predictive ability of different parameters for DGF was evaluated. Results There were
statistically significant differences in cortical peak intensity (Plc), medullary peak intensity (PIm), donor albumin (ALB),
serum creatinine (Scr) after admission, and the Na” concentration of recipients between the two groups (all P<0.05). The

area under the curve (AUC) for predicting DGF using the combination of CEUS parameters Plc and PIm was 0.711, with
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an optimal cut-off value of 0.193 and a Youden index of 0.382. The AUC for predicting DGF using the combination of

CEUS parameters Plc, PIm and clinical parameters was 0.808, with an optimal cut-off value of 0.191 and a Youden index
of 0.517. The sensitivity and specificity were 0.769 and 0.613 for the former, and 0.769 and 0.748 for the latter,
respectively. The AUC for predicting DGF using CEUS parameters Plc and PIm combined with clinical parameters was
significantly higher than that using CEUS parameters Plc and PIm (P<0.05). Conclusions The CEUS quantitative

parameters Plc and PIm have good predictive value in assessing kidneys from DBD donors for DGF in recipients, and the

diagnostic efficacy is better when combined with clinical parameters.

[ Key words ] Kidney transplantation; Donation after brain death; Delayed graft function; Contrast-enhanced

ultrasound; Time-intensity curve (TIC); Serum creatinine; Albumin; Peak intensity
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PRI T, ARCERE TS, $Em 4G
g2 B F U REER K E ( delayed graft function,
DGF ) 22t EHifny—mRIM, Wi F e
J& DL IT RAE 2 —CY T AR T R R TR
A T iAW DGF B AEFASE, Hrhimikds B
R & A AR 27.09%~55.1%), HSE%AF [ FH#aH
SR, B ORI R A TR BRI
TERTEERE LU P KRR (expannded criteria
donor, ECD) nfDIZEf#x—[nlis, {H ECD B (1) 7y
PP e B A AR 22, RS & AR I e XU B
. HIEFRBW LI, s ECD I £ 5T
IR ZR, H R R R S R i TR A [l

A& 5 ( contrast-enhanced ultrasound, CEUS )
T FH R 3 5% 0 H A3 1 0 B S LA 3 5 U S ke
S R AR, S SR o Pz SR B
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el HET, ©A KT CEUS A B2 H B
REMIMTSEIRE , 1 5¢F CEUS PFAN IR AL T- 2% B f ik

( donation after brain death, DBD ) it X}z & il J5
A OB 58 2/ . AR CEUS & 7t S 5007
fiti DBD fit'& it Xt 52 # DGF Wi, SNk
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1.1 FARMNERSA

ML 53 B 2023 4 3 H 2 2024 48 11 A B K
= B I B % B RS AL R0 253 1) DBD 3 LA KR
1) 505 ANEME C1BIPRSEYE ) , ARAEHERRbRAE, B
49 A 134 16 DBD ik LA K 202 4] 5 ik F132 # . HE
Brbrife (EEMAREE NS « (1) Fik<18%

(84) 5 (2) REHEA4 (204-) 5 (3) HHL
B CEUS fe s o R AR SE4 (1634 ) 5 (4) &

AYREEIEIFR (6 4>) 5 (5) KFFaIMNGEAT'E #AH
(76 1) 5 (6) KB, IEHAE (301) .

BEEY 107 1, £ 27 B, 4% 57 (48, 64) %,
1A 5 45 50 ( body mass index, BMI) 24.3 ( 224,
26.5) kg/m®. JxT- bl 9 . BEAEAE 14 1] f i
v I O T 9 T O N = 8 R L ]
17 6. Bt 1 6, A i s 57 B, BEIRAE
13 45, NEWTHFIREE 44 ], PRipg st 41 4. %2 I
# 36 97 ( continuous renal replacement therapy,
CRRT ) iBJ758 72 i, Z&hT5 156 1. 2 46 1, 4Fi%
(45£11) %, BMI23.6 (21.7, 26.0) kg/m?,

HR 5 R A J & DI RN 52 4 43 DGF 4l (39 4] )

F19E DGF 41 (163 4] ) . DGE 2Wibni!': (1) &
M ARE 1| AANTERTENIRY: (2) MEAR

wWEBNIRIY, RAE 7 dA I WL ( serum
creatinine, Scr) ARFFZE 400 pmol/L LI'F; (3) RJjF
PREE<1 200 mL/d 55 1 FNZELE 3 d B H Ser TR
JEATHT 1T HEY 10%. LISZEBAERRG 1S 6E
Kt AL, e LEE - iSK A
DGF. A9 Ot 7 5 R B 1 B s AR 32
SHEAE (5. QYFYWZLL29392) , #fuif
ISR R
1.2 MRAE

WCERHL . 2 IR IRTERE, BAEHEE S . M
. BMI, BEJRFES . CRRTIAITH . AAKAEH
(albumin, ALB) . SHZIE (total bilirubin, TB) .
NE B E B (alanine aminotransferase, ALT) . K
&G R 5% % M ( aspartate aminotransferase, AST) ,
ABEJEE IR Ser, MPRFER . FRE/MUEFLLE; ZHF
B M. BMIL KRB . Na' VB . BRI . R
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CELT 1IN N = /11 v £ 1 B P = e S DI
CEUS Z: 80t 45 ' 8] 2 ik Uhe 4 191 06 (B i 3 ( peak
systolic velocity, PSV) FI FH J7 4§ % ( resistance
index, RI) . ' B2 J5t Fil ' 8 00 it 52 511) A1) 3K A )
(time to peak, TTP) 22, WE{H5HE ( peak intensity,
PI) . bEFmtE (rise time, RT) . 343 ik i ]
( mean transit time, MTT) . MZE NI (area under
the curve, AUC) . H&55EPR (wash in slope, WIS) .
4341 DGF 4114k DGF 42 [0 S50 22 50k, HodsAH
KZH = KA DGF 12 WiskEE
1.3 CEUS B RER TR
Xi DBD ¥ 5% 2 min ZhASEME, EUGCRAE A
TR R 24 2250 = 1 TR g S A AR R R T
HFESE M W sh A IR ATCHNE QLAB 13 43 #r4k
4, BT B R I 2 A4 25 mm?® AYESSERIX, 4]
R () FIERERT (m) , XFHEA TSR] -58 B
ithek (time-intensity curve, TIC) 4347 (K 1) , HEl
kAT 240 TTPc-m. Plec #1 PIm, RTc fil RTm,
MTTc #1 MTTm, AUCc #1 AUCm, WISc I WISm,

I ORI EOGRIXACR Y B i, W EIETTE
JEGERIX AR B HEN
El 1 CEUS ® TIC 734f
Figure 1 Analysis of TIC of CEUS

14 SitEFZE

fii 1 SPSS 26.0 it A7 48 2= M. B S-w
KR A B A T IE S AR, FF & BRI
HPOR AR bR 22 R, DAL IR] EL SR A Wl ST
FEAR K50 . AFFG IER S 198 =R A s 5%
sk, Eraafid) #os, MZHER A Mann-
Whitney U K485 & PEZERF LU (58) Hr bR
AN, PHALTE] FEBCR H 7 A 95 5 Fisher 1 P HE R 15 .
PEFAG B 45 b P<<0.001 S84 ) 2385 T A4S

fE ( receiver operating characteristic, ROC ) ik, U
B E A B IR B 2 IR 9 DGE B sk BUE , AR
HENERE ., P<0.05 NESABSIT¥E L,

2 % R

2.1 MAAH.ZFEIGRER LR

PIZHHEEPES] . BMI, ALB. TB. ARSI EIX Scr.
MRFER . JRZE/WEFLLE . CRRT AT, 2% BMI,
Na'lbis, ZRSa5EE L (B8 P<0.05, %&1) .
22 FWHEBSEESHILE

Wi a] CEUS 2% WISc, Plc. AUCc, WISm,
PIm. AUCm [t %, ZRHAHGRITHE L (¥R
P<0.05, #%2) , HAh CEUS 2R ZERH LA ITHE
(¥R P>0.05) .

23 CEUS MRS H UK AEE &N DGF 1
ST EE

ROC & s, SR HIAE#E ALB., & ARE
JGE IR Ser. Z# Na V| Ple, PIm Tl DGF 912
Wi RIFAEAR (B 2A) .

Plc il PIm — & 4 1till DGF i) AUC 24 0.711,
HAEBIBUEY 0.193, REUEH 0.769, FE5EH 0.613,
Y6440 0382, ZWSCRESS (EI2B) , BRG Tl
433 logit (P,) =0.997+0.015%PIc ( dB) —0.187xPIm

(dB) . Ple. PImIKGHEE ALB., 3 AR5 H X
Scr. %# Na' Ve #iill DGF fIiZ Wi R /e fE, AUC
N 0.808, HAERIUE N 0.191, REUE N 0.769, it
FEN 0748, ZPE4E500.517, BRETIAT logit (P,) =
—23.806+0.048xPIc ( dB) —0.193xPIm ( dB) —0.094x
fit # ALB ( g/L) +0.006xfit & A BE J5 1 K Scr

(pmol/L ) +0.190x3Z # Na'#¢ # ( mmol/L) . Plc.
PIm I 4 Ifs PR 2 50150l DGF ) AUC KX°F Ple. PIm
B (P<0.05) .
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DBD. O ESE T %% B 47 MR -0 B8 T 48 B R
DBD Jr i Lo il e RS, ASSCHIESE NS 40 DBD 4,
ML 5 A 22 R G ad e Ay, I Bl HER . AU
g MRS AR ARG ERAE O, B — R
T RERE IS A AE B AL, AR . O HERR  ilik
fify PRAAE | BB 0 PR AN P i A 2
DGF J& &A= 1 YER B D) RE R RS AL 1 K 2
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Table 1 Comparison of the clinical data of donors and recipients between two groups
Sh5 DGF4 (n=39) 4EDGF4l (n=163) SitHE PlE

PR
LM (%) ] 2(51) 37 (22.7) 6.237 0.013
SRR M (Pys, Prs) . ] 59 (51, 64) 57 (46, 64) -0.757 0.449
WEPR [ (%) ] 3(7.7) 16 (9.8) 0.011 0.918
BMI[M (P, Py5) , kg/m’] 24.7 (239, 27.7) 243 (22.1, 26.5) —2.146 0.032
ALB ( &+s, g/L) 34+6 3745 -3.528 0.001
TB[M (P,s, Pys) , umol/L] 23 (14, 33) 16 (12, 24) —2.598 0.009
ALT[M (P, P,;) , U/L] 39 (23, 78) 49 (25, 107) —1.147 0.251
AST[M (P, P,) , U/L] 67 (38, 111) 67 (37, 116) -0.239 0.811
ARG K Scr[M ( Py, Pos) , pmol/L] 102 (70, 162) 64 (47, 95) -3.824 <0.001
MREA[M (Py, P,;) , mmol/L] 8.3 (6.5, 10.3) 6.9 (5.1, 8.9) —2.380 0.017
PRFENUBFLLAEM (Pys, Prs) ] 32 (23, 41) 39 (27, 49) -2.199 0.028
CRRTIBYFH[n (%) ] 29 (74.4) 78 (47.9) 8.875 0.003

ZH TR
LtEn (%) ] 5(12.8) 40 (24.5) 2.799 0.247
R (xxs, ) 45+11 45+11 0.076 0.940
BMI[M (P, P;) , kg/m’] 25.0 (22.6, 27.9) 233 (21.6, 25.5) —2.351 0.019
K¥[M ( Py, P,;) , mmol/L] 5.0 (4.6, 53) 4.8 (44, 52) -1.386 0.166
Na*[M (P,,, P,;) , mmol/L] 143 (141, 145) 142 (140, 143) -3.196 0.001
FEIRIE [ (%) ] 6 (15.4) 25 (15.3) 0.000 0.994
AAGHA ( %+s, mmol/L) 5.4+1.1 5.6+1.4 0.701 0.484
ARJGERILYE ( X+, mmol/L) 7.241.9 75423 0.611 0.542
BETEEIM (P, Prs) , Al 21 (11, 36) 18 (7, 30) —1.475 0.140

*2 WMAMBEEMESRN CEUS SHILR
Table 2 Comparison of conventional ultrasound and CEUS parameters of donor kidneys between two groups

fetr DGF41 (n=39) JEDGF4L (n=163) GiitHE PlA
[l BH KPS VIM ( Py, P5) , cm/s] 27 (21, 35) 27 (23, 33) -0.390 0.696
- [EI B KRI[M ( Py, Pis) ] 0.65 (0.59, 0.67) 0.61 (0.57, 0.67) -1.606 0.108
WISc[M ( Py, P,) , dB/s] 2,01 (1.17, 2.44) 238 (1.62, 3.17) -2.357 0.018
Plc ( #+s, dB) 16+4 19+4 -3.514 0.001
AUCc[M (P,,, P,5) , dBs] 1032 (763, 1283) 1200 (893, 1497) -2.173 0.030
MTTc[M (P,s, Pys) , s] 37.35 (27.38, 44.82) 34.46 (25.88, 43.25) -0.800 0.423
RTc[M (P,,, P,) , s] 6.47 (5.06, 10.06) 6.33 (4.69, 8.56) -1.176 0.240
WISm[M (P,;, P,s) , dB/s] 0.89 (0.65, 1.39) 1.28 (0.80, 1.86) —2.574 0.010
PIm[M ( Py, P,5) , dB] 12.19 (10.25, 14.19) 16.43 (12.19, 20.28) —4.050 <0.001
AUCm[M (P,s, P,;) , dBs] 847 (554, 1074) 1096 (720, 1467) —3.045 0.002
MTTm[M (P,s, P,s) , s] 37.45 (24.96, 47.59) 39.98 (27.97, 48.20) -0.360 0.719
RTm[M (P,;, P5) , s] 8.70 (5.47, 12.20) 8.83 (6.68, 12.31) -0.904 0.366
TTPc-m[M (P,5, Py5) , s] 338 (1.64, 6.48) 441 (235, 7.62) -1.224 0.221
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Figure 2 ROC curves of each parameter for predicting DGF

I EE R N, Bt DGF 2 B R B A 45U i iF
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M 2021 g, e Ak B NVE R A R A
Bt TEAS M 40 10 N 2 14N 52 34 & 4= DGF 194
W, Jf H DGF k& if &2 Hij, BHRTE
LG (IR TP LS i i) S brie, RE
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AP ARALFE IS 2238 RO € 2230 3 E U T PEA
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YIRS, R, AR PR 3 R SO T el
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R EFTLAE, WRBHIGEAR HA,
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DBD {5 iy 38 7 7 Fm R RS A e, & B DGF
211 B B KR B S5 5 751 380 A B i) LA B ks e i i)
IR HER , AT RE PR M B AET 5 [ ) R E S I 1
Sh kol e A i A AT, DTS B0 Il 3 R b

AAFGY % I DGF 0%k DGF 445 A T K9 WIS,
PI, AUC. Hit, fit' CEUS ZHhy 5% nl REX} 2
& DGF -1 & BB VAR 0 I R B S, ARAS IS
A X P TR PP . Dong %P XF 119 /Mt
SETite CEUS FZE il 16k I 47 2 1 o0 B, AR 4 B
Remuzzi PE43502H, VAL ZH ]S R AT 6 I TIC =
B2, kIR R I S WIS, PI
M AUC, {HASH CEUS 2805 B 48 5 Fil )5 =2 I 1
FHICEE

% 3 B FE I I B /K 7 AR T BEHE i DGF XU B,
PR L 775 v 2 B A R (RN 155 5 DGF & A= R
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ZESAGEITFHTES ZTF5E 2 W B VA e i st 7]
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TG 52 e B30 b A B 9 4 A AR s i s i 2
DGF [ 2 2 —0%, | F25 B ik — i A e
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Wi, B E MO E A A T 256 FIF
SERHIA, W% . Pl At ) 449 R de g ol A — a2 s ]
W, ATEEASHERR X P~ A 260 DGF Ry, Pt
W HAN BT

ZH BB R IMB ST [, &4 DGF
(1 RS R CS, AR AR BIFGE vh B M i [R] K 48 5 DGF 1
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