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Risk Factors of Acute Kidney Injury after Off-pump Coronary Artery Bypass
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ABSTRACT Objective: To investigate the risk factors of acute kidney injury (AKI) after off-pump coronary artery bypass grafting
(OPCAB), and analyze the predictive value of preoperative uric acid (UA) and albumin (ALB) in OPCAB postoperative AKI. Methods:
134 patients with coronary heart disease who underwent OPCAB in our hospital from May 2018 to May 2020 were included, and their
clinical data were collected. Postoperative observation was performed for 48h, according to whether the patients had AKI, they were
divided into AKI group and non-AKI group, the influencing factors in patients with OPCAB postoperative AK were analyzed. Receiver
operating characteristic (ROC) curve was drawn to analyze the predictive value of preoperative serum UA and ALB for OPCAB postop-
erative AKI. Results: Among 134 patients, AKI occurred in 37 patients after OPCAB, with an incidence of 27.61%(37/134). Univariate
analysis showed that age 2 65 years old, hypertension history, diabetes history, preoperative heart function grade IV accounted and pre-
operative serum UA in AKI group were significantly higher than those in the non-AKI group, while the preoperative serum ALB was
lower than that in the non-AKI group (P<0.05). Multiariable Logistic regression analysis showed that age 2 65 years old, hypertension
history, diabetes history, preoperative heart function grade IV and preoperative serum UA 2 350.71 wmol/L were risk factors for postop-
erative AKI occurred, and preoperative serum ALB 2 39.22g/L. was a protective factor for AKI (P<<0.05). The area under the curve
(AUC) of preoperative serum UA, ALB and their combination in predicting OPCAB postoperative AKI were 0.771, 0.722 and 0.881,
respectively. Conclusion: The incidence rate of OPCAB postoperative AKI is higher, and AKI is mainly related to the patient's age,
hypertension history, diabetes history, preoperative heart function grade and preoperative serum UA and ALB. The preoperative serum

UA and ALB have certain predictive value for the AKI occurred, the preoperative level of both can be measured clinically, so they can
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auxiliary evaluate the risk of OPCAB postoperative AKI.
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EMSME IR T I NKFE A (Off-pump coronary artery by-
pass grafting, OPCAB) 7E 5.0 VA 7 T N FHAL T 12, 5165 F
ARA L, OPCAB A FES IS A>T Il I BE L0 T e 5 T ZL A 1 5
i), 22 AP AR X B o AR, R AR ST R BB 78 4k S F T Y
K FUH LI fe F I R Ry 2k B 9 ( Acute kidney injury,
AKID)!",OPCAB A J& AKI fAHCHE N 255 Bk R VB Rl
PR R PIRNSSTY | FiT 2 R A R R 35 % 1 B i, L el
JE A P AR R 3 B A R IR I B B R
P B/ INERUE S R, AR SE e S M AR SZ A, BETEIF YR
] OPCAB R Jii AKI &R Z)H 30%, BIE 5 H B2 )
I JULEF (Serum creatinine, Ser) Fh , LA BEFBIE AR, f6E
PERRR, PP E G B0 T 23 R A8 P VB e vy R e, 715 B R
FAEAre H L, RIA I OPCAB ARJE AKI &4 ITERINE,
T AKI & 4 RESARAE W, HEAFRUR Z /B T4 4 OP-
CAB RXTBH B IIRERIFEM, WA TR BIFAFEARXT AKL &
AT . RAES ST AKLHEJR IR, RAEA T RT3 16 N
05 I B 4 B LSRR I R B LR B ) 2 R, T A R
1 (Albumin, ALB ) U5 44 S S AE A s 4, IR
iz (Uric acid, UA) U J& T4 2 A5, T f2 ik 4 M R 74 1 5
JHC AR R B A A A REVE M I OPCAB AR J AKI [194&
Pro FET UL, ARBFFTANA 134 5117 OPCAB A f) 76009 i #5 1F
o007, WERAR G AKI & AE SR R 3% K MR I UA
ALB Xt AKI &4 i F {8, LA AR OPCAB ARJ5 AKI
PGS Bl T .

1 7R 5 J7

1.1 —fg &

AT BE 2018 4E 5 H ~2020 4E 5 H WAy 134 {457 OP-
CAB Ry, Hh 3 88 44, g 46 i, i 40~75
%, F-11(58.35+ 14.42) % IR B 35 8% 18 ~25 kg/m?, -1y
(22.34+ 1.53 )kg/m?; IEREBN « =5 MLE 28 B, WEIRAG 34 B, 5
JIG MLAE 29 5 Lo TNRESM 2. T 9% 42 45, 11 9% 45 45, 1114 36 £,
IV 11 #i,

1.2 24N HEBRFRAE

HAFRE (1) Z5R B kvt 5 O 7.0 s B R 2T UE SN
T (2) e >18 %55 (3) TLiRATA AR, A ATRIT R
(4)EH.A OPCAB ARFEAE, FHI 58 T AR 5 (5)ARATA H 3 i
B (O BITE R TERE . HEBRARAE : (D ARFBITATERBIRITH
Q) FMITATENEFARE  G)EHERR 5 (4B RE R F
5 (5 BRAEA WIR RGeS 3 5 (6) 1l T it 35 H & B 4%
FEESZBUE  (7) RATHE M UA ALB K- 254
FUNIERS T | AR ISR AT
1.3 FAFZE

(DR R - B AT T HU SO 3h I B DI6E e
MIIRE LA RS A o AR 1% RS A SR 2 IE 2, AR
Tl PO Bl R A 25 A T TR O B BB 2540 (2) FARIRAE -
A A AT OPCAB AR AREIAT 4 B RRIE , T M1 1E )
H L BUR Bk 22 FL N Bk , 726 70 A SR Z 615, B 1~
1.5 mg/kg fFR (M TLLAALHI 2B AR A R, [H 2517
H32022088, #LA% :2 mL:12500 A7 ) BT , 4 (1L 380 56 1 i 1]
P14 200~400s, £3E] FF 30 min WEL 1 K. B oAV, I
i, Lol B Eg 0 T F3h Ik T IR A, WA= R AFTERS 1L
BEY, T o S I, WA AL I A ) & 10 A BT B X
RS FLNBIIKATY & DMESETH O I UIRIS 52 0, SR 5 4 i
TR AL G DL , HOEE RIS #1 3C A e (5073 30 | 1T 32 (343
SOBATYIG o FEW) G R AR IR & — 3, I TFI— 3,
AL AER R, SR T O MER 32 TEIF A W) & 5e b, 22 R 1H
Transonic T400 j# 7 (LSO IS L0 S ARG, DA
AR EE , #7 IL AN e 5 mL/min, W35 BB 9 K W)
FI R H L0 B0 T HE LR 22 Co R I Fof AR P 2, B R g
TRLALT I WTAE S, AR X A5 BEA T AR TP o 2 B0, 08
AGIES A KMo ()RS H AR5 45 T4 5K ME BT |
BRI RN L SRR S I R BAR A R, Bt
XF M A RHEAT AN, 45 T AERs MURIRYT , IRE R 1~3 mL/
(kg-h) , LEAFOLT 4T RIRH o 25 VIS 5 BRI A
JBARE L, DR N BRBERRE 45 A A D PRI, W A,
PREFFEART 0.5 mL/(kg-h), 2= TEIR, WIS B AT
1.4 W Z2I5HR

(Digs% AKL RO AR B A AT 48 h 25 %A AKT
53 B AKT 2R E AKT 21 . AKT 2 W™ R J5 48 h 4 Ser 7+
2 26.5 umol/L, ok 5 LM EAH L FF 52 50%, ol % fR (K T
0.5 mL-kg'-h', HFZENTEEE 6 ho 275 2 BK i 15 2H 41
(Kidneydisease: improving global outcomes organization, KDI-
GO) 4 AR UECHEAT 4391 1 4 - Ser LAY 1.5~1.9 4%,
B # Scr FFE2 26.5 wmol/L, si# JRiE#ESE 6~12 h 5T 0.5
mL-kg'+h';2 1] : Ser NIELRAERY 2.0~2.9 £, 5 R JESL
it 12 h fiKF 0.5 mL-kg'-h'; 3 1. Ser LAY 3 f5E
H R EES T 24 h (KT 0.3 mL-kg'-h', Bl 12h IR
(2)fe RSO < e A AG A A B 10 9RE S5 075X, Wi sk
SR IG RGO, AR ER AFIE AR ST R 50 5 L 5L R AR I
i S B AR S RO D BE 34 AURE U ] ICU A gt
[6] . ARG ZE B 1l 4> %0 (Left ventricular ejection fraction,
LVEF) RH{IMLTE Scr UA ALB A H1 i i 5 A i il A
MR LY ARG KPS, (3) MG HEbrAa il . T 8
ARHRAE 3 mL 2 JEFRIK L, 47 250 AL B, %3 3000 r/min, 25
A% 115 em, By 20 min, S3ESI0YE, [RAFTIGRIKAS
(-70°CHFFI R AR DU A8 108 UA K 1200 &l
AL R AP ST AR . 285y L s i 52 il ALB
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ACF- 2GR &l B EITT AR RHR AR R A R . 22 0idilE
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LK (RO R TR &R RS A R, DC-25 B,
22 R )T E
L5 Git=HiE

£ SPSS20.0 HAATHHE 0T o THEFORT A 43 1 (%) 3R
IRAT 2K . TR EE FRiEZE (xE ) FOR AT LR
B, FRFORUTEOAR S . 2R R N Z R E Logistic 443
Hr OPCAB AJ5 AKI K AE MR 2 . 23] 52138 LVERHE
(Receiver operating characteristic, ROC) Hfi £& 43 ¥ A& Bij IfiL 75
UA ALB %f OPCAB AR5 AKL KA T A, BT
T ( Area under curve, AUC), P<<0.05 NZEHFH G %E X,

2 R

2.1 BEARE AKI £ 4 1BR

134 il F o, A 37 (27.61%) BIARJG k4 AKL,97
(72.39% )ik & A AKL, #E 37 5] AKI #3 7 , KDIGO1 #] 20
(54.05% )11 ,2 1 11(29.73% ) % ,3 # 6(16.22% )i . Hor 1
W2 MR AIRIT IR MBE, JCRET B, 3 IR EA 2 filst
T, AR B EH T B ERIBIT
22 BEARE AKI ZEZHNEEES 7

AKI 4F#42 65 % | I s PRI 5 R ATOIIRE LV
PNBOE R TAE AKT 4, H AKI RT3 UA & F 3k
AKI 4, ARAG 1T ALB K T3 AKIZH(P<0.05) ., FHZH MR
PRBTHEEL . SR IE B . MUABGE SR ) ICU AR Bl . A
LVEF RH[ Ser AR H i iz A Hrdiym AR o (o i 4506 1 24
W ARG & T R TE I B 22 5 (P>0.05), IL3% 1,

F 1 BERE AKI ¥IMERNEEES

Table 1 Single factor analysis of influencing factors of postoperative AKI

Factors n AKI group(n=37) Non-AKI group(n=97) t/x/U P
Male 88 26(70.27%) 62(63.92%) 0.480 0.489
Gender(n)
Female 46 11(29.73%) 35(36.08%)
= 65 55 24(64.86%) 31(31.96%) 11.985 0.001
Age(years)
<65 79 13(35.14%) 66(68.04%)
> 24 29 10(27.03%) 19(19.59%) 0.874 0.350
Body mass index( kg/m?)
<24 105 27(72.97%) 78(80.41%)
Yes 28 15(40.54%) 13(13.40%) 11.934 0.001
Hypertension history(n)
No 106 22(59.46%) 84(86.60% )
Yes 29 11(29.73%) 18(18.56%) 1.972 0.160
Hyperlipidemia history(n)
No 105 26(70.27%) 79(81.44%)
Yes 34 19(51.35%) 15(15.46%) 18.217 0.000
Diabetes history(n)
No 100 18(48.65%) 82(84.54%)
I grade 42 13(35.14%) 29(29.90%) 9.760 0.021
I grade 45 11(29.73%) 34(35.05%)
Preoperative heart function grade(n)
[II grade 36 6(16.22%) 30(30.93%)
IV grade 11 7(18.92%) 4(4.12%)
Mechanical ventilation time(h) 30.15+ 6.71 28.46+ 5.63 1.471 0.144
Length of stay in ICU(d) 3.23%+ 0.45 3.11%+ 0.38 1.551 0.123
Preoperative LVEF(% ) 46.29% 6.64 48.43+ 5.34 1.935 0.055
Preoperative Scr( wmol/L) 69.81+ 8.96 65.93+ 10.65 1.965 0.052
Preoperative serum UA( wmol/L) 476.43%+ 89.79 302.75% 56.68 13.347 0.000
Preoperative serum ALB( g/L) 27.54+ 443 43.68% 7.79 11.874 0.000
Intraoperative blood loss( ml ) 612.49+ 65.48 605.89+ 44.12 0.672 0.503
Yes 21 8(21.62%) 13(13.40%) 1.369 0.242
Intraoperative blood transfusion(n)
No 113 29(78.38%) 84(86.60%)
Vasoactive drugs were used during Yes 26 10( 27.03% ) 16( 16.49% ) 1.900 0.168
the operation(n) No 108 27(72.97%) 81(83.51%)
Yes 15 6(16.22%) 9(9.28%) 1.297 0.255
Postoperative fever(n)
No 119 31(83.78%) 88(90.72%)
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23 BEARRE AKI ZMEA R L E XK Logistic @A77
ARHTILTE UA ALB LASECH SRR, DRI | i e sl

BEPRIA S AR I BEM R AR UA ALB 2y FI 78

X,

ARG A K AKL AR B Y (R A A =0, kA4 =1), WA

Z M F Logistic [ARH, 25 BIR RS2 65 % &1l R 5
WE s s R BTL I BE IV 90 R T Il 7 UAZ 350.71 wmol/L
ARG R AKTIfERRIE, ARH] ME ALB2 39.22 g/L J2
AKI A2 (P<<0.05), L3 2.

R 2 BEARR AKI ZME RN L E XK Logistic B34

Table 2 Multivariate Logistic regression analysis of influencing factors of postoperative AKI in patients

Variable Quantitative assignment B SE X P OR 95%CI
Age <65 years 0ld=0,2 65 years old=1 1.602 0.474 11.439 0.000 4.961 1.961-12.550
Hypertension
No=0, Yes=1 1.129 0.333 11.507 0.000 3.094 1.611-5.942
history
Diabetes
No=0, Yes=1 1.405 0.323 18.853 0.000 4.074 2.161-7.680
history
Preoperative
i [ grade=0, I grade=1,1II
heart function I grade 1.259 0.833 2.284 0.131 3.522 0.688-18.030
grade=2, [V grade=3
grade
II' grade 1.385 0.811 2.921 0.087 3.996 0.816-19.569
[II grade 1.087 0.602 3.259 0.071 2.965 0.911-9.650
IV grade 1.288 0.409 9.897 0.002 3.625 1.625-8.087
Preoperative <350.71wmol/L=0,2 350.71
1.268 0.347 13.380 0.000 3.552 1.801-7.005
serum UA pmol/L=1
Preoperative
<39.22¢/LL=0,2 39.22¢/L=1 -0.145 0.044 11.015 0.000 0.865 0.794-0.942
serum ALB

2.4 ARBIMEF UAALB 3 OPCAB R f7 AKI & £ BTN E
S
ARHI I UAALB il OPCAB AR J5 AKI &/ i) AUC

AR 0.771,0.722, —HBETUINAY AUC Sy 0.881, WEE 3,
ROC £ WK 1,

% 3 Rari%E UA.ALB 3 OPCAB RJ5 AKI £ =M BN E S H7
Table 3 Analysis of the predictive value of preoperative serum UA and ALB for OPCAB postoperative AKI occurred

Standard Optimal
Indexes AUC P 95%CI Sensitivity(%)  Specificity( % )
error boundary value

Preoperative serum UA

0.771 0.047 0.000 0.679-0.862 400.225 67.60 70.10
(mol/L)

Preoperative serum ALB(g/L) 0.722 0.052 0.000 0.621-0.823 34.935 78.40 40.20

Preoperative serum UA
0.881 0.37 0.000 0.808-0.954 - 86.50 89.70

combined with ALB
e 3 3tig

Sensitivity

Source of
curve

— Preoperative
serum UA

-. Preoperative
serum Ab
=  VARCO003

04 06
1 - Specificity
1 ARATMEF UA(ALB Fiill OPCAB AR5 AKI & £ #) ROC #i%k
Fig.1 ROC curve of preoperative serum UA and ALB predicting OPCAB

postoperative AKI occurred

AKI Ji: OPCAB AJi FUA LAY —Ff T AT , ek A= AL
BAEIR, RV ZRAE . RN EFENEREZ S T AKL Rt
i, X LE Al S EUR A /NS A JR 0 AR A2 U BE
SR AR 2 A T, AT RS 5, B R AKT R A
DRSS e o U e o A 5 5 TR i s, 25 o 47
HOP M AT D REBEREIRIT , I D BE 5 32 AR i ) 7E TR
Je R BLIUEF T s RIS SE R, 15 AKIM . 25K B8 By
i W2 FECE /NEBE— P28, B AUE P AKL SISt X
502, i PRk 0 1 BBl OPCAB AR5 AKIT A/ERfE R E,
TR EARFR BRI T FO | DL B2 T AKT R A XU, 45
TP PEAL B, BGE TS
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A8, I H B0 W, 51 B R T B AR
REAE A RE BBl R, T 5 R ST AL B I SR I, S AR 5
AKI R AR, AR5 B R, 78 134 41T OPCAB A1) EH
o, AKT & AR LN 27.61%, IMEFEIFRHR/R, OPCAB AR5
AKI R 22.77% , SARGSHAT . AT K BAF#Z 65
4 W) B OPCAB AR5 AKL kAR BT, A FRE, v
AEAE TAFRS RO 1 SR 38 MUARTIRE N AR I 0, & 9 SEml e
2, A IS, A METE RS I, 3825 5 75 R 1o B sl i
2, 5B AKIN, Ok 5 8 TR 52 1 A8 % )4
5% R B A, OIS I BE 2 R ERThRE I 55 , FA
i 32 A, RO W TR 1 R 2% B 3 AR e T
0 BRI, I RE Xk 28 £ 2 B LIRS 2R A T 42 T 3
i , ARFTBET T4 O HESS AR MR OO B 24 i AR S
AKT &R .

AR EE AR, e I S B PR SR AR S AKT R4
PR 4n = | WA = 2 S NG el ARSI = NI sl ol
RS OE B E T R - 8 BIK R - R RS, fEsE i
B , S0 R R R L 75 % B i, 5 50 R R i
AL T RE S BULR LT AN D RE AR RS 2, BB R 40, K
ARSI E T, ki 5 | REF i R G TT ik, HI5S B S D6,
BB R, BEPRI IS & AKT AOBLHI AT BEFE T, A
Bhos FBOM A B RSO 5 i 8 i = 58, i B A
5 3% MAE M 5 58 e, ST RE 2 40, FLARSRIUN B/
BRECE LB, 35 % AKIP), R, 26T AR SCHERT , I PR 0t
AT U B IR 0 F8 2 BRI T P e T AL 3, i M
MR 2 E 5 i R, I AL AR S s W9 , 2% U0 W+ 5G4
FRIZARAL LR SRt R AT I SR . ARBFSR R, RRiG
REIVIUE B FHE ARG AKL ARG R, DRk, &8
DINRERZE  TEAT D AEFA G — B E] P30T 6 H B (2 90
HESE AR , A S0 TG Bt B A2 R, DB S B AR 7
BOFPEOLT B M AR L 25 50 175 K B A i T S B0 IR
FEC ST AR TR ST AT, G PRET XTI e 2= M iR,
BT E R T I, T RERE T O T BE

AREER BN, RFTE UA350.71 wmol/L 3 A J5
AKI B4 X, THARRTINGE ALB2 39.22 g/L MY AJS AKI %
EAFTETIBE R, EARZAES: 4 AKL & A A7 — s Wi
M, AUC ¥ KF 0.720, UA SZFr B FAERAN, X C ML
EARBAHEREM, eI Rz g B e -1 7748 e
REAR A 1 45T 95 LA MR 5, 175 K S 8, = 3800 e 40 Bt
L IZHLEI RS R B /NERBE AL, 30 AKT & Az KU1, ek,
4 UA B B TR/MEERAE G, RN IR IR R & 5 7+
15, — LI UAS ) ) i B/ NS 2 3 BRI i, R B
BRIEATEE 15 & AKI®, ALB NI HA I F 40 3895 BR P Ae
A woiRe, B AKIL ALEI ] REZE T, B RE S B i
G R RENE IS, R iR S — A S B, A S- A
- HEA, AR TR, B BNk SRR,
I, RS 2 VISR B R ET I UA ALB 9254k, BeBXf

UA JRFTH i BEA T, 7 i 2 ALB KPR, FEIRARJS AKI
KA MAE SRR BRI UA IUAE 24O IETAS AKT
KA, WA RGBT 1 SR, Bz 5 AL RE AL UA 5

AKI RAER AR, AT — T W af T AKL RGN R, JF

HARW T AR M7 UA ALB %} OPCAB A J5 AKI (1) Hi i ffr

L WG PR T 25 PEeks — 5 AR R DAl AKT USRS 1) T2 487
2 ik , OPCAB ARJ5 AKI & A5 HE I U5

PR S ARG DI RE SR 9 ORI IILTE UA (ALB #£7ECHK , U

HORT M UA ALB A% T AKT %A XU A — € Hir (B
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