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[Abstract] Objective To establish a predictive model for acute kidney injury (AKI) in patients undergoing
extracorporeal cardiopulmonary resuscitation (ECPR), and to evaluate and validate its predictive value. Methods A

multicenter retrospective cohort study was conducted. 1) The clinical data of the patients undergoing ECPR during
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cardiopulmonary resuscitation (CPR) admitted to the First Hospital of Jiaxing between January 2016 and August 2024
were collected as the modeling cohort. The clinical data included patient characteristic information, relevant treatment
information during ECPR, post-extracorporeal membrane oxygenation (ECMO) operation parameters, and ECMO-related
variable information. The patients were divided into an AKI group and a non-AKI group according to the occurrence
of AKI during ECMO support. The differences in clinical characteristics between the two groups were compared.
Multivariate Logistic regression analysis was used to screen independent risk factors for AKI during ECMO therapy, and
a nomogram model was established. The predictive value of the model was evaluated by receiver operator characteristic
curve (ROC curve). Internal validation of the model was performed using the Bootstrap method with 1 000 resamplings.
The predictive performance of the nomogram model was verified using calibration curves and the Hosmer-Lemeshow test,
and the clinical utility of the model was assessed by decision curve analysis (DCA). 2) The clinical data of the patients
who received ECPR during CPR admitted to the First People's Hospital of Tongxiang and the First People's Hospital
of Pinghu from May 2024 to June 2025 were selected for external validation. The predictive efficacy of the model was
evaluated by ROC curve analysis. Results 1) A total of 108 ECPR patients were finally enrolled in the modeling
cohort, among whom 78 developed AKI during ECMO treatment and 30 did not, with an AKI incidence of 72.2%.
Compared with the non-AKI group, the patients in the AKI group had higher Sequential Organ Failure Assessment
(SOFA) score, serum creatinine (SCr), blood lactic acid, lower procalcitonin (PCT), and longer hypoperfusion time (all
P<0.05). There were no significant differences in other clinical data between the two groups. Multivariate Logistic
regression analysis showed that increased SOFA score [odds ratio (OR)=1.288, 95% confidence interval (95%CI) was
1.055-1.571, P=0.013], SCr (OR=1.010, 95%CI was 1.002-1.018, P=0.015) and blood lactic acid (OR=1.151, 95%CI
was 1.036-1.279, P=0.009), and prolonged hypoperfusion time (OR=1.059, 95%CI was 1.007-1.114, P=0.026) were
independent risk factors for AKI during ECMO in ECPR patients. A nomogram prediction model was constructed based
on the above independent risk factors. ROC curve analysis showed that the area under the ROC curve (AUC) of the
nomogram model for predicting AKI in ECPR patients was 0.858 (95%CI was 0.782-0.934, P<0.001), with a sensitivity
of 71.8% and a specificity of 83.3%. After 1 000 Bootstrap resamplings, the C-index was 0.822. The Hosmer-Lemeshow
test and calibration curve showed good fitness between the predicted and ideal probabilities (y *=6.402, P=0.602),
indicating favorable model performance. DCA results suggested that using the nomogram model achieved higher net
benefit for most patients. 2) A total of 31 patients who received ECPR were enrolled for external validation. There were
no significant differences in baseline data such as gender, age, or underlying diseases as well as four core independent
risk factors for constructing a nomogram predictive model between the external validation cohort and the primary cohort,
meeting the requirements of external validation design. ROC curve analysis showed that the AUC of the nomogram model
for predicting AKI in ECPR patients was 0.833 (95%CI was 0.654-1.000, P<0.001), with a sensitivity of 70.0% and a
specificity of 85.7%. Conclusions
hypoperfusion time combined with SOFA score, SCr, and blood lactic acid. The model has been confirmed to possess

A nomogram model for predicting AKI in ECPR patients is established based on

good predictive value through both internal and external validation.
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oxygenation, ECMO ) Ay £ - L HEFEFR 5P S04
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il 2 i — NREEBE s — NREBESOE Y
£ CPR #1611 ECPR & MG RYR .
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B 1T BURAT A CPR; (@ B CPR 1 20 min AKX
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M RIEE CE EIRE SRS EIRER R ARE
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%1 ECMO &FHEIEST %4 AKI FZH ECPR R2EIGFRERILLE

Fabr I AKT 45 (30 f1]) AKI 41 (78 1) SN ANl P
T (%)) 20(67) 55(71) x=0.151 0.698
IS, M(Q, Q) 54.0(51.0,61.0) 56.0(47.0, 66.5) Z=-0.139 0.892
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Jilif: 2€ 0(0) 3(4)
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EPSRER 6(20) 10(13)

AL R 0(0) 3(4)
BT TR (91 (%)) 12(40) 19(24) x 2=2.590 0.108
R ASTFRATFE (61 (%)) 30(100) 77(99) - 0.999
B LR (11 (%)) 24(80) 55(71) x >=0.993 0.319
EHE ERE(H1(%)) 26(87) 73(94) - 0.260
TR (H1(%)) 10(33) 20(26) x=0.639 0.424
1ABP [ ] (%)) 6(20) 12(15) x’=0332 0.564
i ( f(%) ) 26(87) 66(85) - 1.000
WA (1 (%)) 18(60) 38(49) x’=1.105 0.293
24 h AR (L, M(Q,, 05)) 1.97(1.30,2.98) 1.91(0.86,3.49) Z=-0.158 0.876
24 h fiRE (L, M(Q,, Q) 5.69(3.75,6.26) 5.69(4.00,7.91) Z=-0.882 0.381
SOFA TE43 (43, M(0,, 05)) 8.00(7.00, 8.75) 10.00(8.00, 12:00) Z=-3.501 <0.001
SCr (umol/L, M(Q,, Q;)) 104.30(71.80, 110.60) 139.80(101.60, 215.17) Z=-3.547 <0.001
Alb (gL, M(Q,,0;)) 28.13(24.71, 30.40) 27.80(22.59,32.01) Z=-0.007 0.996
pH LM (Q,. Q) 7.26(7.10,7.36) 7.17(7.00,7.29) Z=-1592 0.112
1 FLER ( mmol/L, M (Q,, Q5)) 11.10(5.10, 12.20) 16.00(10.50, 17.90) 7Z=-3.390 <0.001
PCT [ ng/L, M(Q,,Q;)) 1.65(1.23,31.38) 1.23(0.13, 11.39) Z=-2.000 0.045
TBil (pmol/L, M(Q,, 05)) 20.40(18.98,26.91) 22.38(16.25,28.73) 7=-0.247 0.808
Hb (gL, M(Q,,0,)] 101.45(99.00, 104.23) 101.91(93.50, 112.30) Z=-0.103 0.920
PLT [ X 10°/L, M(Q,, Q;)) 136.00(118.78, 147.00) 134.62(77.50, 152.92) Z=-0.748 0.458
WS A (ng/L, M(Qy, Q3)) 16.55(13.27, 19.80) 16.18(10.02,20.24) Z=-0.309 0.760
hs-CRP [ mg/L, M(Q,, Q;)) 7.90(7.10, 74.08) 11.65(2.31, 58.25) Z=-0.403 0.687
ARHE S E] ( min, M (Q,, Q5)] 26.50(26.00, 36.75) 41.00(33.00, 49.75) Z=-4436 <0.001
ECMO B [ Limin, M(Q,, Q5)]) 3.50(2:50, 4.00) 3.16(2.50, 3.70) Z=-0.470 0.641
ECMO #2th%534 ( v/min, M(Q,, Q5)] 3500(3°000, 4 000) 3500(3.000, 4 000) Z=-0.657 0.514
ECMO Bj LVEF (M(Q,, Q)] 0.38(0.28,0.51) 0.38(0.28,0.47) Z=-0.151 0.882
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C- VM, LVEF N ZE S350 ; - M Fisher K46

%2 ECPR £ ECMO i&fr 8 a4 & AKI i)
% FEE Logistic V3547

Ap it BAH St P{i  ORf{H 95%CI
SOFA P48 0253 0.102 0.013 1288  1.055~1.571
SCr 0.010  0.004 0.015 1010 1.002~1.018
IFLR 0.141  0.054 0.009 1.151 1.036~1.279
fRHEGTE  0.057  0.026 0.026 1059 1.007~1.114
W -6.453 1569 <0.001  0.002
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{ZIX 8] (95% confidence interval, 95%CI) & 0.782 ~
0.934,P<0.001 J, BUBE 71.8% , 551 83.3%(143),

%3 ECPR £ ECMO ;&R % &

AKI 3857 f& b & R By e 7 &
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F 4 BT SSMEBIGIER 5 ECPR BE EREL BZ R LEE:
= HAFE A BIEBAS) e = HAF LS Y A
i Gospl) (g PG PR SRS (108 fi) Gigy 4 PH
YPE (%)) 75(69.4) 25(80.6)  x’=1.497 0221 R H 20(18.5) 4(12.9)
L, 55.00 57.50 /e 1150 0246 KRR 5L 8(7.4) 3(9.7)
M(Q,,0;)]) (47.00, 66.00) (50.25,71.00) <~ : st & 16(14.8) 1(3.2)
FERIEG AR 3(238) 0(0)
(il (%)) SOFA P43 [ 4, 9.00 11.00 1.598 0.110
L 59(54.6) 20(64.5)  x’=0.960 0.327 M(Q,,Q5)) (8.00, 11.00)  (8.00, 12.00) ~ )
PRI 24(22.2) 9(29.0)  x’=0.617 0.432 ||SCr [ umol/L, 121.70 133.00 0.802 0423
B R B - 0.302 M(Q,, Q)] (95.60, 180.23) (120.85, 159.50) :
(Bl (%)) ML [ mmol/L, 13.70 11.40 1493 0.135
BRAYEOIR  8(74) 5(16.1) M(Q. Q) (10.00,1690) (1025,1425) ~ 77
ACS 8(7.4) 5(16.1) HEGR AT I8 ( min, 37.00 40.00 0.608 0.543
DR 42(38.9) 12(38.7) M(Q1, Q)] (30.00, 45.00)  (32.00, 48.00) :
Jili 4 7€ 3(2.8) 1(3.2)
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R (R 0o ST S s R 25 2 S 8 To e it S (1
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FESEE R 85.7%
RIS o

AWF5E SR, ECPR B # AKL RAEZ N 72.2%,
ARWFFEILGNA 32 A8 i, B85 ECPR #3445 &4E AKI
(AT RS2 R 3R, A0 46 SRR EL . ECPR 301 [RI4H
KIRITIR B ECMO i217/5 540 . ECMO A (5
B 45REIR, SOFA P74 | SCr. M FLERF = S ARE
FiAT A SE K& ECPR 3 ECMO &7 iE & 4 AKI
AT ARG PR 2 o FET AR B i) G 2 ] s
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ECPR R RN FUESR AL 7 AT S py 3ol T 5.
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FLER . PRI, X AN ) st [0 it ) 22 AN [) 5 s AT AR A1
AKI & AR MFLRRE N 2L SUC A I G =4,
T WA LA AR PR A5 S Ll U TE / S8 B il
R AR, HACE T8 5 AL SUIRHE T | B Rt
PR R UIAE G . ARF9E i 22 [ &R Logistic [A11)5
BT & BL, £ ECPR B, 3 8 ECPR B 0] 44 1L
FLER K5 AKT & A XU 7 A 5, il LR /K -4
FhE 1 mmol/L, B3 & A AKT (9 JXUS 8 15.1% , i
FERRWTE N 13.70 mmol/L. % MF57 45 55 N A — T3

A 84-B ECMO £ 35 1 [ ot AFF 7 4 SR — 80 (%
WFFEHR A 1 FLR K5 AKT & 2R XU 56 R AL H L
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M LR T = £ T PR iS5 42U 4R, 5 S 30
B JTAR AT . B /N A0 A QSR L, B
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YANNEEESE i WUE e =
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AKT &A= KU B AUC Ky 0.716, S5 N 51.3%, 45
SEIE K 86.7% . SOFA PFyrh B IE D) REITKHE SCr il
7E,SCr 7K T , SOFA P43l iy o 3B B ASBH 5T rh
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