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1 NGAL /KA AKL ARG RIZI XA G 2 b ¥ 8 % F AR AKL 4, oy B2 AR {8 8 7L F Ser.
) 1) 45 25 4 B T AKT 19 % 28 & TT AN H AKI 9 AUC 4 7¢ 0.81~0.87. H Logistic
(5] 91 7 LI A AR S5 Ta) — 8] A5 19 JR NGAL R L-FABP, W AR J5 BRI ZIFIA G 2 h #iill A J5 AKI
Ko 7T R RS B — 3 8 (AUC=0.911~0.927 ), %51 JR L-FABP F1J& NGAL 7E.0> i
AJF AKT 7B 5 35 T, be Ser fE 5 L0 0 AKT A9 & Az BN RE BE A 1 A i A ) AT
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[ Abstract]  Objective To investigate the value of urinary liver-type fatty acid-binding
protein  (L-FABP), neutrophil gelatinase-associated lipocalin  (NGAL) and their combination in
predicting the development and the severity of acute kidney injury (AKI) following cardiac surgery
in  adults. Methods Ser, urinary L-FABP and NGAL corrected by urine creatinine at
preoperation, 0 h and 2 h postoperative time points were examined. The differences of above
indexes between AKI and non-AKI groups were compared. Receiver operating characteristic (ROC)

curves and area under curves (AUC) were used to evaluate the diagnostic value of urinary L-FABP,

DOI': 10.3760/cma.j.issn.1001-7097.2012.05.003

SEB I b T PR R A G TS ST URASE(2003ZD00T )

VE BT : 200127 1 IfG A83 27 5 25 ot B Jas - 0 I o ' DEAR () b R b bk R4 g BEAT AR Bk AR
B BRI IR MR O M AR G BE RS )

WAEVEH ™ L, Email : yucheng.yan@163.com



<362 A2k 2012 45 5 15 28 45255 S ] Chin J Nephrol, May 2012, Vol. 28. No.5

NGAL and their combination for AKI. ~ Results  The cohort consisted of 109 patients, 26
(23.9% ) developed AKI, and AKIN stage I , II and Il was 46.2% , 34.6% and 19.2%
respectively. Levels of urinary L-FABP and NGAL were significantly higher in AKI patients at 0 h
and 2 h postoperatively. AUC to predict AKI or AKI stage Il -l was 0.81 to 0.87 using either of
the biomarkers. The performance of combining two biomarkers was better with AUC of 0.911 to
0.927. Conclusions  Urinary L-FABP and NGAL increase at the early stage after cardiac

surgery. Combination of these two biomarkers enhances the accuracy of the early diagnosis of

postoperative AKI after cardiac surgery before a rise of Scr.

[Key words) Renal insufficiency, acute; Fatty acid-binding proteins; Gelatinases;

Lipocalins;  Cardiac surgery
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i H 42 (n=109) I AKI 41 (n=83) AKI 2 (n=26) AKLIT-TT i (n=14) PAE
AR (%) 63.0=11.3 62.1«11.5 65.8+10.2 68.6+7.1 0.151
BHE6 (%)) 72(66.1% ) 57(68.7%) 15(57.7%) 9(63.3%) 0.346
Ser (wmol/L) 70.5£19.1 70.1£15.9 72.0%27.1 75.9+31.9 0.666
eGFR 100.8+26.6 101.3+25.0 99.3+31.6 96.0+33.0 0.739
CKD[(%)] 10(9.2%) 6(7.2%) 4(15.4%) 2(14.3%) 0.213
e I R[] (%) ] 26(23.9%) 41(49.4%) 12(46.2%) 10(71.4%) 0.825
DRI (% )] 28(25.7%) 20(24.1%) 8(30.8%) 3(21.4%) 0.607
1o DR R ILRE [ 5] ( 9% ) ] 28(25.7%) 19(22.9%) 9(34.6%) 6(42.9%) 0.303
LB (% )] 39(35.8%) 23(27.7%) 16(61.5%) 10(71.4%) 0.002
COPD[#1(%)] 4(3.7%) 3(3.6%) 1(3.8%) 0(0.0%) 1.000
i 1t A [ ] ( % ) ] 11(10.1%) 8(13.1%) 3(15.8%) 2(14.3%) 0.717
Jei ot A A [ ] ( 9% ) ] 4(3.7%) 3(5.3%) 1(5.3%) 0(0.0%) 1.000
NYHA>2 %[ (%)] 47(43.1%) 30(36.1%) 17(65.4%) 9(64.3%) 0.012
LD TIREA A [ (% )] 22(20.2%) 15(18.1%) 7(26.9%) 5(35.7%) 0.401
A ETHRAE (%) 20(9.2%) 12(14.5%) 8(30.8%) 5(35.7%) 0.081
CHETFARE[(%)] 3(2.8%) 1(1.2%) 2(7.7%) 0(0.0%) 0.141
1 JH N TE (% )] 20(18.3%) 13(15.7%) 7(26.9%) 2(14.3%) 0.246
TR T A1 (%)) 43(39.4%) 31(37.3%) 12(46.2%) 5(35.7%) 0.493
CABG[#1(%)] 52(47.8%) 45(54.2%) 7(26.9%) 4(28.6%) 0.023
WA IR T AR (% )] 14(12.8%) 7(8.5%) 7(26.9%) 5(35.7%) 0.038
F AR ] (h) 4(3.0,4.4) 3.5(3.0,4.2) 4.2 (3.5,5.3) 4.5(3.8,6.9) 0.005
CPB[#i(%)] 65(59.6% ) 45(54.2%) 20(76.9% ) 11(78.6%) 0.043
CPB I [ (min) 111.0+44.4 103.3%39.0 128.4%51.6 140.9+48.0 0.034
iy 1M 5 >400 ml[ 1] (% )] 21(19.3%) 11(13.3%) 10(38.5%) 4(28.6%) 0.009
ENERRUA
ARG K [451] ( 9% )] 12(11.0%) 6(7.2%) 6(23.1%) 4(28.6%) 0.035
PEFR LA 2 [ (% )] 17(15.6%) 5(6.0%) 12(46.2%) 7(50.0% ) <0.001
FEMMLE O [ (% )] 12(11.0%) 6(7.2%) 6(23.1%) 5(35.7%) 0.035
RO HELE AR (% )] 14(12.8%) 6(7.2%) 8(30.8%) 5(35.7%) 0.004
FEEL AR (%)) 9(8.3%) 2(2.4%) 7(26.9%) 5(35.7%) 0.001
5 AMIE 28 R[] (% )] 5(4.6%) 0(0.0%) 5(19.2%) 3(21.4%) 0.001
JHew: i E [ ] (% )] 19(17.4%) 10(12.0%) 9(34.6%) 5(35.7%) 0.015
17 RRT VA7 [ B (%)) 2(1.8%) 0(0.0%) 2(7.7%) 2(14.3%) 0.055
FET [ (% )] 4(3.7%) 0(0.0%) 4(15.4%) 2(14.3%) 0.003

H :eGFR P47 :ml e min'+ (1.73 m?)'; P {H : AKI 4159 AKI 41 L4
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2. Ser AL . 9E AKI 418 E AR5 4 B
[E] 55 Ser W JE 5 IR 22 5 LG4 L. AKI
HARJG 24 h B 72 h Ser ¥ JE 43 5 Ky H LR B
1.71 185 K 1.62 %, B 25 TR AT AL Al Ak AKT
H (¥ P < 0.01); MALAGHE B IAE AKT 1T -
MR E T, W2 2,

3. J® L-FABP 5 NGAL s 5251k . 4k AKI,
AKI Bz AKLIL - T4 58 35 R i IR L-FABP ¥ 25 55
TG Lo 3G 0 h &2 2 h JR L-FABP /K-
IR AR S T L T AKT 4980 AKTIL - I 3
THIREE R, AJ5 0 h #12 h B8 # & TIE AKI
2H . JR NGAL Ml A8 (b #a 5 R L-FABP AH{.
WL# 3,

4. JR L-FABP }2 NGAL % ARJ5 AKI 12 W 4 1
WP PERS . RJG 0 h & 2 h JR L-FABP 7K - i iill

AKI &A1) AUC 4351 R 0.844 F1 0.832 (¥ P <
0.01), 50 h 1 2 h JR L-FABP ¥ & ) # 5 4
2226.50 & 673.09 ng/mg Cr B}, HFM AKT (1) £
JEE B0 0.846 1 0.808, ¢ 543 Wk 0.819
F10.747

ARJG 0 h & 2 h JR L-FABP /K i 11 - I
AKIL &A1 AUC 4351k 0.818 F1 0.805 (¥ P <
0.01), 250 h F12 h BY¥EE# SR 2511.92 K&
1441.47 ng/mg Cr B}, JR L-FABP #ii II - 11 %
AKT A0 2413k 0.857, 45 M43 31k 0.747 Al
0.758. Z5H4E/RIK L-FABP fE4¢ Ser H RLIf & 47
HFI AKT B9 &

ARJF 0 h 12 h JR NGAL /K F-Fi AKI & A=
) AUC 434135 0.866 1 0.871 (¥ P < 0.01), i
W -T0 38 AKT f 7 8 P 4 51 0.817 H1 0.861

T2 KA A Ser K (pmol /L, x +5 )

21 51 AT 0h 2 h 24 h 72 h
4l AKI 70.1£15.9 66.3+16.7 67.2+18.0 73.6+19.3 65.1£17.8
AKI 72.0+27.1 77.4£23.7° 74.9+24.9 128.2+64.1% 121.1£105.2*
AKI I - 119 75.9+31.9 83.7+24.7 83.2+27.0 152.7+76.5* 157.1£132.3*

TR 5ARWIHA P < 0.01; 50E AKI 41 F48, P < 0.05,°P < 0.01

K3 BHKWE SR L-FABP 5 NGAL /K F

L-FABP[ng/mg Cr, M (P43 5] )]

NGAL[ng/mg Cr, M (VY433 i) ) |

i [

Ak AKI(n=83) AKI(n=26) AKL I -T0 1 (n=14) AE AKI(n=83) AKI(n=26) AKI T -TM (n=14)
- 58.67 49.01 47.39 7.37 11.62 9.59

HY

(18.09,162.07) (24.34,112.87) (22.46,59.44) (3.11,22.24) (3.14,26.08) (2.73,20.53)
oh 174.43 7247.68 7535.17" 30.00" 469.42" 501.60°

(63.04,1168.73)  (2686.84,13467.12) (3656.30,10786.16)  (10.91,109.91) (121.68,804.70)  (176.33,742.99)
- 118.71° 3478.99" 4125.60 10.75" 165.60™ 315.25™

(39.12,765.47) (1419.79,11189.11) (2567.89,12295.01) (6.59,22.14)

(40.95,417.37) (84.92,642.31)

W H AR A, P < 0.05,°P < 0.01; 54 AKT 41 L %8, °P < 0.01

&4 AJ50h K2 hJR L-FABP NGAL #ijlll AKI ) AUC

45 b &) AUC(95%CI) TR TR RS P1E
AKI L-FABP 0 h 0.844(0.752~0.936 ) 2226.50 0.846 0.819 <0.01
2h 0.832(0.744~0.919) 673.09 0.808 0.747 <0.01

NGAL 0 h 0.866(0.776~0.956 ) 131.12 0.769 0.819 <0.01

2h 0.871(0.775~0.967) 33.73 0.808 0.831 <0.01

AKI T - T35 L-FABP 0 h 0.818(0.712~0.924) 2511.92 0.857 0.747 <0.01
2h 0.805(0.678~0.931) 1441.47 0.857 0.758 <0.01

NGAL 0 h 0.817(0.676~0.957 ) 211.96 0.786 0.863 <0.01

2h 0.861(0.728~0.994 ) 91.23 0.786 0.884 <0.01

VE : S (E 5L ng/mg Cr



rpAR I R 2 2012 4F 5 145 28 4555 5 8] Chin J Nephrol. May 2012, Vol. 28. No.5 -365 -

# 5 JR L-FABP 5 NGAL MBXA I FHIZ WA 7 AKL K H ™ B A2 1) AUC

21531 s ] 5, AUC(95%CI) PAE
AKI NGAL(0 h)+L-FABP(0 h) 0.927(0.868~0.986) <0.01
NGAL(2 h)+L-FABP(2 h) 0.911(0.836~0.987) <0.01

AKIT - T 48 NGAL(0 h)+L-FABP(0 h) 0.914(0.849~0.980) <0.01
NGAL(2 h)+L-FABP(2 h) 0.919(0.862~0.976 ) <0.01

(¥ P < 0.01), 2R IR NGAL [R]#f BE % %5 4 b F
BIT AKT 9 KA B MR . WL 4

5. JR L-FABP }2 NGAL HJBE4& 1 FHi2 W A 5
AKT Ko ™ o 42 B i) i VR PF AL . 12 ] Logistic
0] 91 7 R B A5 AR i ] — B ] 25 A R L-FABP Fil JR
NGAL, ZERBARARIG 0 h & 2 h Be& N IR
NGAL & JK L-FABP i2Wr AKI & A=) AUC 43510
0.927 (0.868,0.986) K 0.911 (0.836,0.987) ( ¥
P < 0.01), B AT AKT -0 99 % 4 #9 AUC 43
14 0.914(0.849,0.980) K 0.919(0.862,0.976)
(¥ P <0.01), $&/2REA IR L-FABP J& JK
NGAL 21 AKI F9R% B 1 30 31— A iRtk — 20 4
Mo WS,

5] it

AU B CAKD) 20 IEF AR5 5 0L 5 &
JE RV AR AKT [ 35 B AR BRATE 5 LA R I IR
BIT ARG S T3 &, (0 AKT A 26 1 & E S
TCRATIRAR w5 o A R0 T BTG T A B T g
A 112 R O 5 R 3 Y B A o A SN AKT
B A RR G B AKT BRSPS T SN 2

L-FABP J& M X%t 70 1 B &0 14 400 1)/ F
E A, 2 508 R 7 R 16 2k 1A 5l 1k 4 i
Ry B-54LP. WFEHER L-FABP 7 — 2257
) AKT, 40 e 2 A U 3 5% 500 B U0 AL A RN T
RS B TF- ARSI K0 IE AR S5 ) AKITP R % 44
SRR —IUNLOIET AR EN CPB J5 4 h
JR L-FABP Tl A J5 AKI & A= W14y 0.81,
TR R R Skl 0.714 J2 0.684 , (B 78 i A Y
VEF WA T 48 o ARBFFE 25 R B R , W Ser SR 2
AKL, H 2R 24 h 2 W A Gt sr ; i v AR S5
R Z) 5% 2 h JR L-FABP W21 AKT & A= i B[] K
S HREET, HAU AKT & I -TH AKT & A=/ AUC
BIRTF 0.8, #/nARJ5 F WK L-FABP /K- HA
A FL T AKT & AR B9/ o

NGAL Z# g E M A b i) — 51, FHXS 43

TR 25 000, 8RR 2 A ST IE SR NGAL
AT OBEARJE AKL R 2 s — 35/ L
Ol 52 B% T R WF 58 o, AKT 52 3 B9 R NGAL /K F
HEARJE 2 h BITH i 2 S8 09 23 £% , EL 7500 o 1
PEISE] 0,998, SR AT A 5% /R R NGAL X F
O EAR G AKT &A= i 300 2L AT Jay BRApAE00-21, i P
A RE 15 R BCPR A (0 B 0] 8 bR AR AR SR R R
AKT 5 LAY IR [R] A K BN A TR 24 TR 2% L g
2R, RATVSEHT Y/ MEADT S R R NGAL
LWL IEAR G AKT #9 AUC 4 0.85, A#F5Edh 3
MdE—29 KR THEAR R, FMA T ARATESH
CKD {HARATEBAIAIT B, Wi 2 A6 ™ &
FEEE ) AKIL £ 35 0 XF PR NGAL B2 Wi (E 217
TUE, ZERE/RARIG 0 h & 2 h JR NGAL /K F
W AKT K AKT I1-T0 B8 % A= () AUC 4539 3% %]
0.866,0.871 &% 0.817,0.861, #k—FUFs2 17 FA]
SEHT A ZE L, 5 R E —FU s

SRM, A BF 98 JR L-FABP Hl NGAL 7£ i2 Wt
AKI RS 5 DU — SefF oy A 22 0k 420210
JR R AT RE S AF IR G . LA ] A5 CAKT R A
AKI ™5 B R 50 & AN Rl %845 56 o JR L-
FABP 7K 55 15 /NG5 & Bl 8 40 It A8 A I 37 3 1 J%
e i B[] 2% AR S0 R, RS PR AR R W A5 1k
1) K W R 5 2 st ), DA K i2 W AKT B A (55 1)
A T T 22 KAEA I 58 R R 522 3850 4 A A
YA A — BT OCTE 11 [a]

PE4liE, RJ5 0 h & 12 h B [&]) i} [E] & )
2~5 MR EY A N AT R AKT 2 Wi o
B AR, SRR A, B
WA AR B AUC JE R 0.81~0.87 4215
F 7 0.91~0.93, $& /R BEG Dy FH AT B 47 4 Fi i) AKT
() 1 o X AT RE KRR AKT Ay i ¥ o - iz FH
I R — VDA s o SR HL AR S5 B2 FIR 5 2
h 4558, 2RI NG S0, BR3P AN B [A] 55,
PRAS I SRR A AT DA 2 10 o X M I RS AR (1) 2R
R T A I RS, AT I R A S PR AR
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TEIFRZ PO, PLiE—2 K IE R L-FABP
I NGAL W . (3) KBTS ) L-FABP ) 5
NGAL B G2 W AKT, 15 2] 50 B it 61716 IR
T HEFEWF T, AE— E FEBE LS T A 0 I R
&

S ARG R AE RO E TR B PR
ST PR L-FABP X} T AKI F- B2 Wi i, 1 B
KA 5 R IEC A W R L-FABP J2 NGAL 1] i
— AR AKL P A v, ELBSIE] S5 8 Ser K
NPEHT, ATVEAOIEAR G AKT B 0 07 A5 45 A
BEAN  ARWE I AL FE T AR A1 B 12 B s LA
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