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[(WE] HH Hi/NLOIRIERIMER (CPB) FAE AL A MLAEX A5 2k B4 (AKD) &
AR Ak BB 5B 2012~2016 44701 CPB FAR L 1110 BlEIRBERL, #ARJE 48 h WEALA
FEAMES IIRAEAA (<35gL) AIEFAEAA (5359L) , AWML EILFEF AR TR AKT &4
R AN TR 25 DR 2 AT A ) P43 D S PR LL R AKT &A% SR logistic AT A S AKT &
BT RGN E, SR ARG AKL Z4% R 13.78% (153/1110) , FHIEE K 2.52% (28/1110) , AKI i
JURAEHN 13.19% (20/153) , RIGHEA < 35 /L B ILY 44.50% (494/1110) . VEFECHTEACH SR A4 AKT
AR IE R AR AT (P<0.05) 5 VEREHTS AKL LS A8 Ak 5 TR AKL L (P<0.05) ;
Logistic 22 A [AIH A Hr 45 R R ARG AR B < 35 /L 2 ARG AKL ZAMMS fE Rz —. &ik ARJ548h
WHEH < 35 /L &0 E CPB AL AKT A A AL a2, A s % (25 FH R A sE x4 A i
AKI B EZAABIAE [ PESRILRIZE, 2018, 20 (6) : 475-480]
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Association of hypoalbuminemia with acute kidney injury in children after cardiac
surgery

DUAN Lian, HU Guo-Huang, JIANG Meng, ZHANG Cheng-Liang, DUAN Yan-Ying. Department of Cardiovascular
Surgery, Xiangya Hospital, Central South University, Changsha 410008, China (Hu G-H, Email: duanlian_ida@csu.

edu.cn)

Abstract: Objective  To study whether hypoalbuminemia after pediatric cardiopulmonary bypass (CPB) for
cardiac surgery is a risk factor for postoperative acute kidney injury (AKI). Methods A retrospective analysis was
performed on the clinical data of 1110 children who underwent CPB surgery between 2012 and 2016. According
to the minimum serum albumin within 48 hours postoperatively, these patients were divided into hypoalbuminemia
group (<35 g/L) and normal albumin group (>35 g/L). The two groups were compared in terms of perioperative data
and the incidence of AKI. Furthermore, the incidence of AKI was compared again after propensity score matching
for the unbalanced factors during the perioperative period. The perioperative risk factors for postoperative AKI were
analyzed by logistic regression. Results ~ The overall incidence rate of postoperative AKI was 13.78% (153/1110),
and the mortality rate was 2.52% (28/1 110). The mortality rate of children with AKI was 13.1% (20/153). The patients
with hypoalbuminemia after surgery (<35 g/L) accounted for 44.50% (494/1110). Before and after propensity score
matching, the hypoalbuminemia group had a significantly higher incidence of AKI than the normal albumin group
(P<0.05). The children with AKI had a significantly lower serum albumin level after surgery than those without AKI
(P<0.05). The multivariate logistic regression analysis showed albumin <35 g/L was one of the independent risk factors
for postoperative AKI. Conclusions Albumin <35 g/L within 48 hours postoperatively is an independent risk factor for
postoperative AKI in children after CPB surgery. [Chin J Contemp Pediatr, 2018, 20(6): 475-480]
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S (acute kidney injury, AKI ) R
PR LA G # LAY —FPOF R, REAERIE
HEHRN10%~45%, #HiAdILEE L 60%, B
JER P WAL [ A EAE W32 (1ICU ) fEBER[a],
B AR, HR A R ORB, RIS . A
2ot K RRIMEIR . & 24miE . RATE .
PR FARE ARG AKT ZAERGREZE " HEF
ARIIHELABLAE o T3 A5 — S AR T 845 0 [N &
g, AR . RS AR T R IE
PENL 25 At i oA ok 2 AKT &A= 1 s s R
R, ORTRXCEEET T R AT T e R R
AKI &%,

R A 30 %) AP 2 P L EE A2 VR 7 A 398 oo
FARIGHRAE T FE A AT s R 2 2 —
HE AR IEBER. BRARE, 58—
AL MR A A AR M R
AR FAAE T B0 R, (R A ILE AT BB S AR S
B 450 SO AKT 9 & A O IR AR IRURE 7
— B S O I TF AR B ST HR B A Ok 2 AKI &
A kST fE B R EE O I HLEL A — T A R PR BE
HLXT REBIF 58 & AR 5 A MR B IR, AKT R A=
RiEy, #hFAMENE A A TR ER, R
rp R B Y s B A AT 44 R A B
O MEBIR IR Z A R R 5 RYEm), T
ARy A LACR HARSMERR (CPB) , ARuT&EHET]
A5 DI ReSZ 8 A IE IR RIS A AE, X
SR R HUN LR CPB AR5 A 11 2 A IALAE
5 AKI KA R AT RE S AR, 2T H AT
PSSR A /N LCBESE CPB A5 AR F 2 11 i
FEIG I AKL & AR R HRIE, AR SCHUG A — [l it
PERESE, BRVT/NLOIER CPB FARGHMKAEA
MFEET AT AKL KA a2
1 BERERE
1.1 RIS
DL 2012~2016 4 H g R 27 i = e Lo JIE K 1.
BANEE 1110 1] 14~ A = 18 2.0 MEHG CPB RJ5 H
HNWFFERTSR, HHR)S 48 h P IALTE P& R E
Rl i AR AR E AL (< 35 /L) " AIE
WHEAA (35¢9L) o HEBRbrE: (1) RErd
FJEAEEE ST . TEALTES . RS AR

WREA4, BURRELOIET AR, (2) RFTRERIM
S R 2 Y g™ Ry (3) RJ548h
BETS, BERIAA; (4) {EBEEZ kTR,

12 ®WIRAE

AT AL LR TR B 0 IS RH A [R] 47 9 1
JEBE. FAR. CPB FIICU RJ5 W 1, BRikme¢
FNYE IS IR, J5 A E AN 5 Uk A 247
IEFR IR, CPB FEANOMERTIE . O LAY R H
(] DB P 0 4 1 5% I v PR Bk M B Cuistodlial
CPB SR A wE T, DA S (AR i o] 5 T 72
ANJURERS . 88 MG, ARrbdERe. 15 B i
[B]= 480 s, R RE4 100~150 mL/kg ., IM1£T
HH (Hb) 7~8 g/dL, ' - AR (27~34C)
R TE 2 E 5 R AR, A5HLAT SR 37.0°C
AT 35.0°C LA b A 7 S0 HE 2 Hb>10 g/dL,
fENELENL 25 . i sh 1 #tese fm h R R
K5 % % 1CU,

RACREGRMLEG: PER] ., FARR AL (R
AITCELA . RATIZW . Je R0 SR T AR XU T
fli -1 (risk adjustment for congenital heart sugery-1,
RACHS-1) PF1. AT S50 %0 (LVEF)
HRAE B LoO IER TR KR R 7 Ui 4T RACHS-1
PEA 1, G0 1~5 4o DAL TR H WM AR wi
P e 2 R I LA R AR SRl E

AR REFRUE . CPB HE] . BHIKTF £ 3h
ik Cocclusion of aorta, OA ) Hf[a] , JEAR AR
¥4 (deep hypothermia circulation arrest, DHCA ) &,
R EEE (KT EREEREN 2 R |
JETREE

ARG 48 h NRETTRMUSS: BN 25957
5" ( inotropic score, IS ) = ZEE + ZEW T HE +
K x 15+ B LIRE x 100+ ZHE LREE x
100+ SN E FIRE x 100, B pg/ (kg min) ;
AJ5 48 h P " (AL AN | i3 | A UTTE
M/MREE) 5 ARG 2 d NI SR AT, DA
IR [WEREBAR (L) - WiREHE (L) )3
BHATE (kg) , = 5% i AR Gw (FO) ™,

BIFAMZ R (1) RJFRE®R LA AKI:
AKI 32 B AR 45 0P B 48145 0 46 P (acute kidney
injury network, AKIN ) brifE, BIIMALEFE ARG 48 h
W E Tt = 26.5 pmol/L (0.3 mg/dL ) &% = A fij F il
B 15 f5. (2) ARG 48 h P I LI ) 55
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e (B S AKT Y 7™ E AR B2 23 2 (1 2% 1.5 A% B Ak
(B ~; 290 2AEFEANMH ~; 340 = 3MEEERR{ED) .

(3) A Jo R E MEZMIT % (renal replacement
treatment, RRT ) , HPRE% | L5 ol % 28 M R 2 1
Wi, (4) RIFHIMEES (MV) BHE, KRG
ICU B, ARJGHBEH | sEa,

1.3 FHitZHH

K HT SPSS 23.0 GEi AR BT SE T2y

Bro IESATHEGORILIIOEL £ frifEZE (R£s)
Fon, PIAIA LR TS FEAS K80 JRIERS
AP ARTHEEBOR AT A (U3 SR ) [Py (P,
Pys) 1387, WAL E LR FH Mann-Whitney U 5
5o BB AR (%) £, WA ECK
MRITRS, BIeHUE/NT 5 I Fisher B YIHE
Fik, REHAEAKESRG &S5RI R
HH Spearman #AH /34T, DERC S IE& 4346 3 i
TORE, P4 SR RO ¢ ke, JEIERSS Y
THETORE, PIAL] EL R Wilcoxon 755 Bk FTK:
THECTERE I 20 8] L 85 R FH G PO A% 2 R 7 A
5o RHAPHER K ZHE logistic M1 ARJ5 &
A AKTIITGERE R L P<0.05 J25 54 Geit 27 L.

N,

2 #R
2.1 DIERERREARE AKI ERS T

1110 BB ILE PR AT FARRYY, mBiG=
B, Gk PASVUEOIE . ISk AR R
IR OIS . KB . SRSl |
TSk . BrEERIY . KAEKT . B EDl
b, FIKS EBEARITW . Ebstein 5L
AR T S5 70 N B A AP e R MO . RIS AKT
KRN 13.78% (153/1110) , JRAIER K 2.52%
(28/1110) , AKIBJLFHIER N 13.1% (20/153 ) .
KA AKL Y 153 %) 2 )L, AKD 1 9% 87 4], 2 4%
45151, 3 4% 21 f7l, 29 FI#EAT RRT B9 £ JLH 19 4l
FEi, 10 BB, 28 BIFET- B ILIARE FEE FIK
F(33.8+3.5 /L) BIRARTAAREIL (35335,

P=0.021) . 153 ] AKI & LW AR J5 A 8 [ K F
(343 £4.1 gL)BEMTAE AKILEIL(35.5 £3.4 ¢/L,
P=0.001) .
22 ERFRAEAASEEAEAANIGERE
b

RJg, MAEAL (< 359/L) 494 4, 1EH
FHEE 4L (>35¢/L) 616 ], PLLiE Ay FALE:
fEVLER 1. SIEW AEA4E, [KAKA4EIL
L RLL NG & B R 5, RACHS-1 9450 3 431
FeREg s, ARET LVEF<50% By He & s, R &
P B A AT I LI KP4, AR ef CPB s i) A
OA BT, RIS IS 85, AKL KRR FHIER
E (4 P<0.05) .
23 EFRRAZEAASEFAEAANIERE
ek

W BT N T 2 B2} A BB R U i DR AR A1
AT PEsr B bk, VCREC AR D) 443 XF, DCEC{H A
0.18655~0.76721, F-43 3] U3 PR 4[] 5 Wi PRAFAIE
FlF RIS H R MG, KAEAA AKL &4
FRFICEA = T IE W A& A4 (3 P<0.05) ,
W21,

PCRL)E, EWHAEAARGHEAKTER
37.0 (36.0, 38.5) g/, IRAHEHANIEHHEHK
S 32.8 (31.5, 33.7) o/L, P42 HA 501
E L (Z=-25.791, P<0.001) ; %44 AKI L
(n=132) R HEHKF N 34.1 (32.0, 36.6) ¢/L,
B TAE AKIL L (n=754 )[35.5(32.8, 37.0 ) g/L,
Z=-2.139, P=0.034]; X A& H4HEILARS M ILE
KN 67.5 (52.8, 103.5) umol/L, W& TIEHR
1 4E 1 4H [54.0 (45.0, 70.3) umol/L, Z=-4.317,
P<0.001]; #ET-HIL (n=26) A5 HEHKF [33.9
(31.5, 36.1) ¢/L] 2R TAEE B IL (n=860) [35.3
(32.8, 37.0) g/L], (H2E R IG5 X (Z=-1.946,
P=0.052) . A J5 MV B} [, ICU B 8], A J5
Bt H 5 AR5 FH 8 KA A 3B i AH G (435
r=0.009. 0.058. 0.061, P=0.789. 0.087. 0.071) .
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1 EREMEAARINERESEEFARELER
VERCHT VERE
PUEZS TN EWEEAL KEE[L (O PE EwaEad RAaEGae COfE PHE
(n=616) (n=494) (n=443) (n=443)

P [n(%)] 308(50.0) 256(51.8) 0364 0.546 223(50.3) 227(512)  0.072  0.788
SRS [Psg(PassPas), A 34.5(12.0, 72.0) 36.0(12.0, 72.0) (-1.481) 0.139  31.0(12.0, 72.0) 33.5(12.0, 72.0) (-0.599) 0.549
KT [Pyy(Pas.Pss), ke 12.5(8.0,18.5) 13.0(8.5,21.0) (-1.428) 0.153 12.0(8.0,19.6) 12.5(8.0,20.0) (-0.930) 0.353
L (%)) 113(18.3) 126(25.5) 8.323  0.004 105(23.7) 103(23.3)  0.025 0.874
RACHS-1 ¥F43 [n(%)]

1 73(11.9) 29(5.9) 11749 0.001 36(8.1) 29(6.5) 0.814  0.367
2 378(61.4) 282(57.1)  2.082 0.149 257(58.0) 266(60.0) 0378  0.539
3 113(18.3) 141(28.5)  16.158 <0.001 106(23.9) 112(25.3) 0219  0.640
4 45(7.3) 37(1.5) 0.014  0.907 38(8.6) 32(7.2) 0.558  0.455
5 7(1.1) 5(1.0) 0.040  0.842 6(1.4) 4(0.9) = 0753
RHT LVEF<50% [1n(%)] 153(24.8) 152(30.8)  4.840 0.028 127(28.7) 129(29.1)  0.022  0.882
RATIAEE [ [Pso(Pas,Prs), /L] 42.5(39.6, 45.0) 41.9(39.4, 44.2) (-2.477) 0.013  42.0(39.0, 44.0) 41.9(39.6, 44.4) (-0.765) 0.444
KRBT ILET [Psy(Pas.Pss), pmol/L]  42.0(37.0, 49.0) 46.0(40.0, 58.0) (-2.209) 0.027 42.8(38.0, 53.0) 45.0(39.8, 56.3) (~1.245) 0.213
OA i} ] [Psy(Pys,Pss), min] 39.0(26.0, 64.0) 42.0(30.0, 69.0) (=2.541) 0.011 41.0(28.0, 67.0) 41.0(29.0, 66.0) (=0.340) 0.733
CPB 8] [Psy(Pss,Ps5), min| 67.0(47.0, 94.0) 70.0(51.0, 99.0) (-2.462) 0.014 70.0(51.0, 99.0) 68.0(50.0, 96.0) (-0.371) 0.711
HEUE [n(%)] 406(65.9) 346(70.0) 2142 0.143 314(70.9) 30969.8)  0.135  0.713
DHCA SIS i [7(%)] 19(3.1) 112.2) 0.767 0381 13(2.9) 11(2.5) 0.171  0.679
IS [Psy(Pys.Pss)] 1.0(1.0,5.00  1.01.0,7.0) (-3.576) <0.001  1.0(1.0,6.0)  1.0(1.0,6.0) (-0.077) 0.939
RJG% 1 K FO [1n(%)] 89(14.4) 63(12.8) 0.666 0.414 55(12.4) 56(12.6) 0.010  0.919
ARJG% 2 K FO [1n(%)] 76(12.3) 62(12.6) 0.011 0915 59(13.3) 54(12.2) 0254 0615
ARJ5 48 h N [Psy(Pas,Prs), u]

AT 2 0(0, 0.5) 000,05  (-0.110) 0.913 0(0, 0.8) 000,05  (-0.686) 0.493
it 1) ot 0(0, 2.0) 0(0,2.0)  (-0.339) 0.735 0(0, 2.0) 0(0,2.0)  (-0.834) 0.404
R AL R

AKI [1(%)] 57(9.3) 96(19.4)  23.907 <0.001 54(12.2) 78(17.6) 5128 0.024
ARJG RRT [n(%)] 13(2.1) 16(3.2) 1372 0.241 8(1.8) 9(2.0) 0.060  0.807
MV [Psy(Pss,Pss), h] 9.0(6.0,16.0) 9.7(7.0,21.0) (-1.564) 0.118  9.0(6.0, 18.0) 9.5(7.0,21.0) (=0.019) 0.985
ICU [Psy(Pss.Pss), h] 35.0(22.0, 49.0) 36.0(22.0, 52.0) (-1.529) 0.126 36.0(22.0, 61.0) 35.0(22.0, 48.0) (-0.730) 0.466
RIGHEBE H [Pso(Pas.Pss), d] 11.08.0, 13.0) 11.0(8.0, 14.0) (-0.309) 0.757 11.0(8.0,13.0) 11.0(8.0, 14.0) (-1.091) 0.275
FRIEF [1(%))] 8(1.3) 20(4.0) 8431  0.004 7(1.6) 19(4.3) 5706 0.017

TE: [RACHS-1] SERAE R FAR KB IEAG -15 [LVEF] Z£Z ST0%0G [0A] BELWT 8k (CPB]ASMERR; [DHCA] RIS [15]
IEVERUI 25905085 [FORAEI AT [AKI 200 [RRT] B OTIE; MV HUBGE (ICU] EAEMEY & . * 7R Fisher 61 UIBEA L.

2.4 EBEFARH AKI ZEHEREZRSH

W 5% M AKT & A= R 1) 2% [ F AR B9 &R i
logistic mIH2 8, BRBSEGERER: KRG
HEHKF<35¢gL. Hid/N, RER. %4,
RACHS-1 ¥F43 . AT LVEF<50% . K B[] OA

1 CPB, DHCA s fk i, ISHr{H . KRG 2

KFO. ARJ5 48 h Py i il &b i 7 1t 344 AKT & A=
ek A ER; ZRERSIERHE LR RE
4 FKF < 35 ¢/L. RACHS-1 ¥F43 5. K i)
CPB. 5 IS JMEFIAR G 48 h INHTZL 40 il AKI
KA fER R (P<0.05) o W3 2,
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2 ARFAKZEMEFAPZWEZSMH  (2=1110)
LORIZR T ZHZE T
IS

OR ff 95%CI P1g OR fH 95%CI P1A
RIFHEA< 35¢/L 2.366 1.664~3.364 <0.001 2.425 1.631~3.607 <0.001
At (H) 0.996 0.992~0.999 0.013 1.006 0.995~1.016 0.272
1K (kg) 0.971 0.953~0.989 <0.001 0.950 0.901~1.003 0.064
) 3.556 2.482~5.094 <0.001 0.529 0.272~1.029 0.061
RACHS-1 P43 (43) 2.820 2.280~3.488 <0.001 1.651 1.123~2.428 0.011
ARHf LVEF<50% 2.944 2.075~4.177 <0.001 1.456 0.851~2.494 0.171
OA ] (min) 1.027 1.021~1.032 <0.001 1.003 0.992~1.014 0.640
CPB H[A] (min) 1.020 1.016~1.024 <0.001 1.012 1.003~1.020 0.006
DHCA {2 5.134 2.441~10.801 <0.001 0.883 0.344~2.263 0.795
IS (43) 1.112 1.081~1.145 <0.001 1.057 1.021~1.094 0.002
RIFH 1K FO 1.350 0.851~2.142 0.202
ARG 2 K FO 1.725 1.094~2.720 0.019 1.433 0.837~2.451 0.189
AR5 48 h PIMTELZRM (u) 1.444 1.245~1.674 <0.001 1.340 1.121~1.602 0.001
AR5 48 h PYAHA R (u) 1.069 1.026~1.114 0.002 0.980 0.925~1.039 0.501

T [AKI] 200 B3 05; [RACHS-1] 2e KRS T AR XS TG -1; [LVEF] 2255105558 [OA]BEWTFE 3K, [CPBIARSMIERS; [DHCA]

GGRAFIEPR; [IS]IEVELUI 25473 (FO] AR B o

A

3 e

5]
JeRPEDHER CPB FA G LMK A & M IiE
() % R A, AR SN 44.50% (494/1110) , o]
SUIRALIEKM, EEIED A . FRAILPTRY
BE 1. WOMARJEIERAE R A YRR, ©Ff
— BERFF TR T AR 1 2 1 AURE S K AR S AKT & A
(kS fE R R, JF HIG I AKTL AH I & AE 1Y &
Az AR 21, GOk Meta 20 M AR /R AR (2R
F IMLAE AN AKT & A S a2, R
Je AKTSET kST fa B PR 2 1220 B AFRAT I A
BOCHLONE CPB AR JE BYAR 2R AR
AREFFENAN T 54E 1110400 CPB ARJF L,
KPR E A B ILAR T AKT & A2 R FR 58 R
=, K AKL AT B B AR B R Z WA logistic
BIEAHT, KA A A < 35 o/L &ML fE
W& —, HAHKRA AKIHBIRAR)E A& A K
B FART R L AKIL L. IR, AREF5E4E
JIE S BTG A AR AR AT P B 1 R A o L
WK Fdem, s E, RhFAREFEEEK, R
JE IRz, BT ARG IR R WA — 2 1
NI, R T FRE AT BUAK R IEE X AKT /Y
KA T, AT HAb BT AT AR 45 R Y
Rl T AR R 28 64T 1 9 4L ) A s 1) 4 DE S, 3
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SEIIG PRAEFAEAS 45 T AKL H FTE AN — B85 5 K &R
WHIRIE . IRIAE . Z24mE . KitE CPB. L3
REANA . WA G5, VORCT 443 XF, fIKH
F AU AKL KA R AR RN &, WHARE
48 h AR B A IURE A SO AR 5 AKT & A 1 fa B
P2 DS A 2R A IRE P AKT %2 A= 11 J R AT
fEh: (1) AMIEIERES A0 AFELS A HEAD,
FER R EREACS A th g BRI, B /NS A i
TR (2) B /NVE AN A A T S WA
JUURE -3- 4, R BRETREAEASS Y (3) 6
% TN I AR /N ER R R — LR, HA
W EEEA™ (4) BAb, 485 4 i bt
oC R W - R M2, TEREA
EHARAMEE P, ARG HAR A 8 A iE S 20
BN R AN ) 2R R, U AR RS
R AN a1 1 - A = o 1 LR O [ e N
M RMER T S RS AMASE IS B4 B 1) RAE
SR ZEE R, AR AfE AKT 1 & 4, Moguel-Gonzélez
A5 OV 164 {51 B I T AR A R S 2 XL 2 BRI
HEM. mREA. @I R R AKL &4
BT, AW, Kim % "X 183 4
CPB FAJG KA AKT .0 IS A 47V FeF 5% I
K, RAEAR AKI ML ER R Ez —, 78
Lee 55 " sl A O RS BE F AR B ST, ARG HE

=4
, B
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FBAR, AKI & AR S ( HEH 3.5~3.9 g/dL,
3.0~3.4 g/dL., <3.0 g/dL 43 5l XF [ 29.5% ., 31.1%
41.7% ) , #hFEHMEE A E A SRR,
W] fig %E%EE&%%‘HEE@EMMJUJ DB e
PUHIAA DG, BLAE4ERR B/ akuE ot 28 . 4N S
PRI | 2590 5 J 0 L 2R AR

Zi B RTIA, ARJE AR EE EIAE S /N LG BE
CPB RJ& AKI &A= 07 faks R, Repxbsesh
PEPERE M . ARJE IR A AR 7 R /e
PRI G AKL 09 & A=A BRAE T (AT 5T
WIBEPERF S, FEAE MR A O R fr s A
A IURT e g AR 2, T REXHIR L &
iEFIAKIAEAERAY s BT AR Y. AR5 RS
XIS DhREA S R R AR A, PRI 2
G KEEA B RTISPERF ST T LAt — 2P e

(2 % x k]
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