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Abstract

Objective: Acute Kkidney injury (AKI) is a common complication of coronary artery bypass grafting
(CABG). This study aimed to explore the risk factors for AKI after coronary artery bypass grafting
and to establish a risk prediction model for early identification of relevant risk factors and inter-
ventions. Methods: A total of 1253 patients who underwent CABG between 2018 and 2020 were
included and divided into AKI and non-AKI groups according to whether AKI occurred after sur-
gery. AKI was defined according to the Kidney Disease Improving Global Outcomes (KDIGO) crite-
ria. The analysis variables were statistically calculated using logistic regression. Results: A total of
1190 patients, 295 and 895 patients in the AKI and non-AKI groups, respectively, were included in
this study. The incidence of AKI after CABG was 24.7%. Multivariate logistic regression analysis
showed that estimated glomerular filtration rate (eGFR), uric acid, hypertension, emergency sur-
gery, heart failure, intraoperative blood transfusion, use of an intra-aortic balloon pump (IABP),
and postoperative adrenaline were independently associated with AKI after CABG. A nomogram of
postoperative AKI in patients was constructed using total predictor variables (AUC = 0.707, 95%CI
0.671~0.742). Conclusion: We developed and validated 8 risk factors for predicting AKI after CABG.
Early implementation of clinical intervention for these risk factors may be more beneficial to re-
ducing the risk of AKI.
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1. 51§

S B (AKI 2 IR 31 ik 55 B A AR (CABG) AR & & WL R JE, KAEFZN 20%~30% [1] [2] [3]
[4], RJGRAE AKI 25X 8 F 2L 2 AFIFm, Fanssin S E5 ARG F MK TR, 2K ICU FRk
) DA K B8 hn A3 B B AR S5 [5] [6] [7] [8] ik, AKI I FBH A6 97 % A5 5 4 B -5 K BA R 1l s B A B 2 X [9].
XTI B 5, B9 CABG A5 AKI I e 6 D81 28 I 2 37 AH S& TS 2 F 1047 e R PEAN R BTE 0 20 [10]
[11]. PRk, AHFTE S ARG RS B AR G R A AKIL FRISE R R 2 5 2 7 XU T AL, DU R
PR A = fE R
2. MRER=%E
2.1. BENBIRE

PAFRHE: O 2018~2020 10 H BN EERE® CABG FIEEH. @ HEFER >18 A . HR
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prfE: @ RATEERVERSESE: © MAI T ERAIKE BB EAKEE, © MBENEHE < 31
umol/L i @ BERHRRN B .

22. BIFARAERE

Py BE AT IR B E VTR O BRE 5, PR (AME BV 1 mo/Kg, 1Bk 5 3 mg/Kg)
BATHURRIR YT o EIS BRITMIRRIE AR 9 83 AR ORI DL R RT3 4%
METHRIAT A BRI B8 A SMIERR T IR FARBATIR . RIBARTIEDL, EHF L EAT 2 7L N 3h ik
S REMATRE S, 35 At R A B s 22, W e KRR Ik M I

2.3. SHILAR E XA

© Z B (AKDE SCR RS IEZ% 058 42 3Rk T1U5 (KDIGO)IZ bRtk [12] . O &35 48 /INEF UL
PR BG N 2R ZRAE ) 1.3 £%(8>26.5 pmol/L); @ & 7 RWHIEHE R T-RLAAR 1.5 5 @ HH 6 /)
i P R /8T 0.5 mi/kg/ho

@ Tl B /NERE R % (eGFR)E A “Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
SCysC” 4 : Wi #i# N4k, eGFR = 133 x (SCysC/0.8)% x (0.996) " x 0.932; 5 f % Jy 1%, eGFR
=133 x (SCysC/0.8)* x (0.996)"". 4 SCysC < Jy 0.8 mg/L i, a=-0.499, 34 SCysC> 4 0.8 mg/L I, a
=-1.328.

@ Frf BFE AR SLI S A AR S5 AR T B S 1D Sk 4

@ RFEHY(E EIRER. ZHE ERER)EHZEEEARE 1 RNIZMERED.

2.4. BRWEE

Z ARG A Bty [RIBE BA SRS . T BB 0 D45 B T 5 K2 B B B B BT K Bl R 48
(GEDRR)TH, FEHHRKEMEERACEEZR DS, Fbr B g R, ImRELEE S H AR
R PRSI, BRFREIREB(BMI). RS PO, EIi s e B S, ARrp s, O A s, ST
B, RETAAIEAEISIENIE . Bl =8, AEAMKRRKTFE. FRAEEAETF AN, Kok
PEIRRF ], B A ARPHIM. 2B/ NREFARE.

25. GirEA

SKF] SPSS 26.0 Al R 4.1.0 #E4T4e it 240 M. IEA DA ESAR & T RMEGRER)ER, FW 0
B SR FH eb Sr BN DU 2317 25 7 o 43 S0 SR P LU - 002, T 2L 1) 22 5 U e SR 52 K06 RS IF 2 A6 565
K #ATE logistic [A1H0 A8 &, PH < 0.05 2R BN Z K2 logistigitic [A]JARRY, 245 Ek A4S L
I R 2 R A SR, R — N S5ARJE AKI B2 Y AH 5 PR 2 g g N\ 5 2 1 [Rl AE A  da
ZARNE BRAERFE(ROC) -h 2 0 Ml FAf . BRURME . 45 et DL R AR A v, A 2R R T AKI 1
K. P<0.05MNNZEREES T FE Lo
3. &R
3.1 —f&&#ER

2018~2020 4, FEEAT ARSIk EEFEAE AR B8 3t 1253 1. RIBHERRbRAE, ARFFTIEGI AN 1190 41
HF (AKI ZH 295 51, non AKI 2H 895 fil). EEHIARRT BT AR RFRAENZE 1AL 2,
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Table 1. Baseline characteristics of patients before operation and univariate Logistic regression results

=1 BERIHELESRAER Logistic @YALER

Il RAFFAE Non AKI (n = 895) AKI (n = 295) 95% ClI P14
BEER
() 63.6 £8.4 63.8+8.6 1.01 (0.99~1.02) 0.43
W > 65 %, n(%) 396 (44.2) 155 (52.5) 1.4 (1.07~1.82) 0.013
FE, n(%) 656 (73.3) 224 (75.9) 1.15 (0.85~1.56) 0.371
BMI (kg/m?) 2574 255+3.2 0.99 (0.95~1.02) 0.46
WAH S, n(%) 356 (39.8) 120 (40.7) 1.03 (0.79~1.36) 0.78
WIS, n(%) 245 (27.4) 71 (24.1) 0.26 (0.62~1.14) 0.261
R 52, (%) 208 (23.3) 96 (32.7) 1.6 (1.2~2.14) 0.001
BE PRI 52, n(%) 335 (37.4) 118 (40) 1.11 (0.85~1.46) 0.479
FEMKCIRE NS, n(%) 110 (12.3) 34 (11.5) 0.93 (0.62~1.4) 0.722
FEEEFRE, n(%) 588 (65.7) 206 (69.8) 1.21 (0.91~1.61) 0.192
e S 143 H (%) 57.2+7.8 56.6 + 8.2 0.99 (0.97~1.01) 0.189
AR MR L, n(%) 19 (2.1) 7(2.4) 1.12 (0.47~2.69) 0.799
w2, n(%) 105 (11.7) 36 (12.2) 1.05 (0.7~1.57) 0.828
2 14 BH L PERT, n(%) 14 (1.6) 4 (1.4) 0.87 (0.28~2.65) 0.799
SRR A E S, n(%) 848 (94.7) 287 (97.3) 1.99 (0.93~4.26) 0.077
O I L, n(%) 27 (3) 20 (6.8) 2.34 (1.29~4.23) 0.005
SBFR 12 (1.3) 15 (5.1) 3.94 (1.82~8.52) <0.001
MRIB M OFE SE, n(%) 75 (8.4) 20 (6.8) 0.8 (0.48~1.33) 0.38
RETAENIER
I35 WUEFAE (umol/L) 771+21 84.7+21.3 1.01 (1.01~1.02) <0.001
HEHA (/L) 458+89 44.7+88 0.98 (0.97~0.99) 0.038
I K* (mmol/L ) 4.2 +0.36 414035 0.73 (0.51~1.06) 0.1
LDLC (mmol/L ) 2.57 +0.94 2.53+0.9 0.97 (0.84~1.12) 0.68
Hith = (mmol/L) 1.42 [1.03, 1.98] 1.41.03, 1.9] 1.04 (0.95~1.14) 0.376
PR (mmol/L) 336 £93.4.8 361.8 + 103.4 1 (1.001~1.004) 0.001
4T A (g/L) 131+17.2 130.8 + 20.9 1(0.99~1.01) 0.703
I/ (10%L) 219 + 62.44 218.7 £58.9 1(0.99~1.01) 0.827
eGFR (mL/min/1.73 m?) 81.7+21.1 72.4.7+20.8 0.99 (0.97~0.99) <0.001
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Continued
RETAZ, n(%)

B AR BRI 7 356 (39.8) 127 (43.1) 1.14 (0.88~1.49) 0.328

TR CEv 310 (34.6) 94 (31.9) 0.88 (0.67~1.17) 0.383
T 657 (73.4) 211 (71.5) 0.92 (0.68~1.22) 0.528

ISR 314 (35.1) 130 (44.1) 1.46 (1.12~1.91) 0.006

IEPENL I 259 82(9.2) 34 (11.5) 1.29 (0.85~1.97) 0.236

Jok 2 382 (42.7) 119 (40.3) 0.91 (0.69~1.18) 0.471

JE: LDLC: MRARHZIREANMEREE; eGFR: Tl /MRl =,

Table 2. Baseline characteristics of patients during and after operation and univariate Logistic regression results

2. BERPURARGEELESREARERR Logistic EJFLER

Il RAFALE 4k AKI (n = 895) AKI (n = 295) 95% ClI P
FRER

kBRI, n(%) 44 (4.9) 35 (11.9) 2.6 (1.64~4.15) <0.001
RIMEIR, n(%) 56 (6.3) 33(11.2) 1.89 (1.2~2.97) 0.006
TR [6] (min) 262.7 £ 76.8 261.8 +81 1 (0.998~1.001) 0.665
FKHFEL n 0.9+0.31 0.91+0.31 1.12 (0.73~1.73) 0.593
KL n 2.14+09 2.2+0.94 1.03 (0.89~1.19) 0.668
EMFREL n 3.04+0.9 3.14+0.9 1.05 (0.91~1.21) 0.534
ARHEET, n(%) 15 (1.8) 12 (4.4) 2.56 (1.18~5.54) 0.017
ARH#iIL, n(%) 591 (66) 230 (78) 1.76 (1.29~2.38) <0.001

ARIERZ, n(%)
B ERER 208 (23.2) 122 (41.4) 2.33 (1.76~3.08) <0.001

LHY ERE 791 (88.4) 267 (90.5) 1.25 (0.81~1.95) 0.314

3.2. BERUKZER Logistic EYA5 47

TEHLIF 2 Logistic [FIJA43HT(P < 0.05)4, FLAFAE 14 MEIEM R ZR, AR > 65 %, KR,
FHEA. MIEHEHME. PSS NERIED R, ik, RRA. 2i2FAR. Of3sl. Rdfmim. {4
FEMK N ERFERAH(ABP), RHVEB AAIMEA LRGN A E FIRER . & ERBENAZ IR E Logistic
[ 43 B K Tl CABG J& kA4 AKI I fafG R 3R . 2R E@ W EHE R ER: B/ANBRIEd 2, R,
EifE RIZTAR Ol R, R H ES kN ERERFE(ABP), RENHE FIRES
CABG A J5 1 AKI J 37 AH5E(P < 0.05) (# 3).
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Table 3. Multivariate Logistic regression analysis associated with AKI after CABG
#2 3. CABG R &% AKI X B ERAZEF Logistic BV 47

Il ARAFAE B OR 95% Cl P1A

eGFR (mL/min/1.73 m?) -0.014 0.986 (0.978~0.994) 0.001
O JIEE, n(%) 0.777 2.174 (1.106~4.273) 0.024
L, n(%) 0.432 1.54 (1.11~2.138) 0.01
SRR (mmol/L) 0.002 1.002 (1~1.003) 0.034
IABP, n(%) 0.666 1.946 (1.111~3.411) 0.02
ZIZFR, n(%) 1.149 4.804 (1.582~14.59) 0.006
i, n(%) 0.428 1.535 (1.096~2.149) 0.013

B EIRE, n(%) 0.777 2174 (1.588~2.977) <0.001

3.3. FLE SRR

AR IR ik 8 AN fE R K 2R I ZR RSG5 AKI RS (] 1) RA ROC #2855
AT (AUC = 0.707, 95% CI 0.671~0.742) (14| 2). ARSI B ITEN AL ES, Zeil R itk Hh 22 R VP Al 411 42
B B R AR B I M RE () 3),  [RIAS R 3 ik R IR A FE G R 2R 1 R (1] 4). SRR 2k
Hr(DCA)XS TR T 347 PP45 (18] 5).
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Figure 1. Nomogram of predictors for postoperative AKI after CABG
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Figure 2. The ROC curve of independent risk factors for postopera-
tive AKI after CABG
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Figure 3. Calibration curve based on the risk factor nomogram
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Figure 4. Radar diagram of the risk factors for AKI after CABG
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Figure 5. The decision curve analysis (DCA) assessment based on the predictive model
B 5. ETFFUMEREIGRR K Z(DCA) T

4. +ig

TEAKE YNNI 1190 7] CABG B, Jhit 295 A (24.7%)HIL T AKI, R AR Z FiHRIE A
he OBEFART, BT FARPIEAMEEAL, AR IS RGPS5, SO0 RN
FEE I D) e AE Y 58 o X LEAR (0 TT Re 2o 0 B = A AR, AR SR BRI KSR TSR bl R
18V S ThRe 22 [13] [14] [15]. FEABIFH, BATRIIMM B MR %, JRIR. &L, 2i2FAR. O
JiEuny . ARrpianiin . A3 H B0k N ERFE SR (IABP) IR B _E R /& CABG AR &4 AKI AR SL T
K2, 3F HAhNixX 8 N BRI ) ROC #hZE(AUC = 0.707) £ B B4 . 5 56 1 R 70 45 B AR{L[10] [11] [16]
[17], DAFARJEEA AKI BT —Sw MK, 1 eGFR. milML R L JRER, AP M LA, 7EAH 7t
BAVE RIS 1550 QTR EKNERTE I (ABP) BN LA GRS FIRER W& CABG K5
AKI i fEk 2 .

ARATRAEOCES ARG AKI FEYIK . E0ZEFT, FIrEEE T S8OFETA L, Sl & %
JVESZEE, FFIE RAAS REUF RN NER LS INE R ThRE . BT /N A R BR A BURE, 0
Ui 3 B o R B D ) — R R /INVE BRI JER N d AKIL FREFE[18]. —TZAN 25 TR 42 [19]
W% 254408 4 B 1) meta 73 AT RoR, AKI G 7E I AR IR BE U5 v R A0 ) 3 0 1 UKL non-AK 35 1
Iy 58%. Ut4h, Hertzberg 5 A [20]/)— T 5T o, #5%2 CABG TR0 ) &, 11 26%H) &
FRA AKL, HTGO )58 R 12%. X SEF A g S TRA TS IR BT 0 J) 3205 2 AKIL AT i 56
R 8 AR, EOBETFART, PR M RN GES FECO T REA 4 TR B i pl— 2
FEFERA, T IABP (1 BN H TG OHR L E e e B Bk, R EN IABP MEE T REK &
N AKI 125 R T] LA S A B AR RE .

A HIARIB[13] [21] [22)48 H, SREFARABIIIAR G AKI 1R, 5 ARImHLET 75 Bk — PR &R .
FERAVOTF A, SUEFARYE SCNENBLE 24 /N2 FRINEE  AT2IEFRBEHEHREEN
P, HAESSREYNGIT N RN 260 MR sh /2 A fe e Supk v« O UBESESEEIR[23] [24]. FEX PG L
T, FAREIT AT RAT AL S AR A JORE Rl RIS RGT RS, BN T AR S IF RRE AN 1 5 ) vT ek

ARG FRRER 00 F7E T A B B e i T S, 02 AKIE L 0 R - 5 R R EE
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FAR TR E R [25] [26]MFEREYT - FIRE, B ERRER TR O LB A 7oK, 1 kb 37 ) 3
28 B (&, AN 51 EE W A RSN )5 I e, 38 BB HEVE AN T I AKI [R)2EFE[27] [28]. N
& AKI RTINS BIRE, RAOMARE 1 RAMEHE BIRENEE, KRS THE LIREX AKI
ORTNp=9YE8

TEA T, BATAUMN EEARATIRLE L, R LA 0E BARAHAT T, KK T
T (P P00 2 S o RIS, FRATTER ST T —AN5E T [ BT CABG FE 3 T PE 0 A8, % T i ATl CABG
ARJE AKI R A BAT B Im AR 2

FIRE, AR FRAAFAE—LE /R B, X — i O i [l BB 7, Am S T By e 5%,
WOE 5 — N 2 A0 R B BTRE PR 03— D4R &R . Lk, FRATI S AR 2 1 43 B J9 100 114 4 34
45 )5, 1 CABG Ja AKI FIEEATIUS M ANE 2

5. &g

B AR KL AKIL G AER, JATEES T REROR TN AKX . BRAh, Bl 12z 1 3£ ]
KA E AR R A B, DL AR RS 2R VPAN TS, il RIS A RE 6 vt A B AK
FIBESERS, JFRPUEEAT T Hm S RRE LD AKIE R AR

&5k
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