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Predictive value of blood lactic/acid level at ICU
admission in acute kidney injury patients with sepsis

TAO Lili, YANG Qilin, CHEN Weixiao
(Intensive Care Unit, Second Affiliated Hospital of Guangzhou Medical University, Guangzhou, Guangdong, 510260)

Abstract; Objective To investigate the"predictive value of serum lactic acid level at admission
of Intensive Care Unit (ICU) for the occurrence of acute kidney injury ( AKI) 12 hours after admission
by a secondary analysis of the prospective EINNAKI study. Methods A total of 409 sepsis patients
without AKI at admission of ICU weré“selected as study objects from FINNAKI cohort data, and were
divided into low level lactic acid group,“medium level lactic acid group and high level lactic acid group
by blood lactic acid quantile method. {The incidence of AKI and the application of renal replacement
therapy (RRT) were comparedil2 h later in the three groups. Logistic regression analysis was used to
investigate the predictive values of serum lactic acid level on the occurrence of AKI and the application
of RRT. Receiver opérating chardcteristic ( ROC) curve was drawn and the area under the curve
(AUC) was calculated. "Results The incidence rates of AKI were 21.21% in the low level lactic
acid group, 33.58%in the medium level lactic acid group and 49.65% in the high level lactic acid
group respectively" (P <0.001). After adjusting independent variables, multivariate regression analy-
sis showed thaprisk,of AKI increased by 23% for every 1 mmol/L increase of blood lactate in septic pa-
tients( P =0¢001)+4 The risk of AKI in the high level lactate group was 2.31 times higher than that in
the low lactate group(P =0.010). ROC curve showed that the AUC serum lactic acid level at admis-
sion,ingpredicting AKI in septic patients was 0. 66 (95% CI, 0.60 t0 0.72). The AUC for lactate pre-
dicting the use of RRT in septic AKI patients was 0.70 (95% CI, 0.60 to 0.80). Conclusion Lac-
tate at ICU admission can predict AKI and the use of RRT in septic patients.
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s BEA: 2021 —02 -22
BEE&WA: | RAEFFHIFIL S5 H (B2020094 )



<42 - S IR B 25 2%

Journal of Clinical Medicine in Practice

5525 &

FHRTEAE 2 P i SR BN R 5 R Y 2 Y
DIRERSRRLE S AR . A ERAEAE A BE T AR R
MedEdE , HAET- A KoMt o A B 1747, &
P 45 0 CAKL) J2 e 3 1 DL 45 99, O &
AKI (1 e 0 SR AAE R o G BE R S B
A BEE AL R A 2 W EE R R T i S DA
M EHIIG R G JCA A R TT LA AT M AR
FIE ) AKL, SRy AKL AR T2, A AT
20 R B AL o R R A e 9 T
AE R AKL o AT FE A9 G H . il LR 1
F 4 B 2 U2 M 1 S5 RS Y B TR b,
JE TN JYe R AE 7 H RE A R NI ARo A S B
52 R I FLRR X T R4 A AKI [ & A
AINE B R AT A (BRI 7L R T T i
B AKT AR XU F00 HT E 4RI 97 (RRT)
AR TN A {6 H AT i R B o ASBIFTE IR T WA
iE Wi 372 (1CU) I it LR 7K 1 Xof IR £ 3 K 2
AKLFIRZF RRT g9 0N, & 16 9 I R 1 T4
BRSSP T B S %

1 M&5FH*

L1 Rt %

VAARA S T2 42011 49 A 1 H—2012
2 A1 BXHE2E 17 A ICU #E47 T — T Aiy BEpe
() S I 25 24 2oPE B 305 ( FINNAKT) 5%,
IRFEFER M B BB AR R B R S FE 2
N SR RS R Ny i S S 5 S O
FINNAKI SABRIFSE " i) Bt A o Ay =it 23
#r, BRI BRI R A https ./ /www.nchi. nlm. nih.
gov/pmce/ articles/PMC5061395/bin/pone. 0164420.
s001. xlsx

AN AW FE X A ICU B2 Wi R
WeFEFRER AR A IE AKL (&, TR 4 3L 588
1, HeBR A ICU B 2 28 & 4 AKT 3 179 f41], A4
FEILYA 409 i) e MRS 42 .

1.2 ik

A Al Pk BA S A 5T, W 5T 48 b ok R
WA ICU B M 1 FLIR (6, BF 9 45 )= i A ICU
IR A FFAKL Y IS IE B 3 12 h J5 26 &k
AKI, JRIRRFSE 0 e BEAE A S 2 5 [ i B =
Ui 23/ B AE B2 2 23 ( ACCP/SCCM) (1 ik 3 4 12
WrbRiE " o M 2 B 40 [ PR 45 B (KDIGO)
PRl AKL g SChy: @ 48 h Py liL i ILEF (SCr) F

15 =26.5 wmol/L; @ 7 d N Ser JH i ILmE{E
1 L5 £ 8L @ PREW <0.5 mL/ (kg « h) |
HERzz 6 h UL,
1.3 it

FrA Bk R B R Ge it 8k kA7 o . 148K
TR [n (%) ] Fom, AT X K5 (B8 4
<5 BERHESER IR BRS IR <1 BRI
YINERIE) , 3 AR HECR i 22000, 1T 5
B (x +5) Fono R Logistic [71H 53 35 i
FLIRAKF-%F AKL &A= F1Rz H RRT B H0 A E, I
XPAR S A TR, 25 ] 32 10 E TAESRRHIE (ROC) il
4 MR L T AGAUC) . P <0.05 2R
EENE -8

2 # R

2.1 AKI £ A% 55 RRT 5 AL

AHFFRALGN A 409 i) 8 2, 55 266 ], £ 143
], V-2 (61.70 £17.05) %, 409 ik EEIE &
b AAKI 3136 15, AKI S kA= 556k 33.25%
AKT B W RRT 2 32 {4, e i i AKT (3
RRT 7 3%k 23.53% .
272 3amE A AL

KA R GE HR AR LR — 50 5ok - o
SofFL R 41 (it FL AR 7K 0.30 ~ < 1. 20 mmol/L)
132 5] FRFLRA (il FLAZZKF- 1.20 ~ <2.20 mmol/L)
134 f51] L BRAH (i FLARZK - 2. 20 ~25.00 mmol/L)
143 5], FELRE R AR SE SR WoR, 3 B HE IS
Fr ot B v PP Al (SOFA) PV 43 | ik 5 i K 52 1%
WERAGITFE L (P <0.05), 3 48 HAD
HETRZERTRIT¥EX(P>0.05), WLEI1,
2.3 3MkAEmEBEFEANICU 12 h 5 AKI % 4 &

2683

AL hFL R4 S FL R4 A ICU 12 h
G AKTD % A R 4y )k 21, 21% (28/132) |
33.58% (45/134) F149. 65% (71/143) , 5K
Gt L (P <0.001),
2.4 logistic ®)a 4R

ARG, 2R RS R BN, 7R
FFHE 1 mmol/L, WRFFAE B3 & A AKL (1 XU
P2 23% (P =0.001), ELERZ B35 k4 AKI
YR AR FLIR Y 1. 58 £ (P =0.135) , &5
PRZH B e AKT (Y XURS 2R FL IR A1 1 2. 31 4%
(P=0.010), W32,



514 3 SCHIEREZ 2L Journal of Clinical Medicine in Practice - 43 .

®1 RIBAE PIABRANSIABRABZARER (v 25)[n(%) 1[M(Pys, Prs)]

ity AR (n =132) ELRRA (n=134) LR (n =143) P
AL/ B 59.11 +17.20 62.21 £17.13 65.26 +14.15 0.002
SOFA FE43/ 4% 7.00(5.00, 8.00) 8.00(6.00, 10.00) 9.00(7.00, 12.00) <0.001
o B 83(62.88) 84(62.69) 96(67.13) 0.556

4 49(37.12) 50(37.31) 47(32.87)
HLIE S 91(68.94) 92(68.66) 108(75.52) 0.233
ZBIRA ICU 128(96.97) 130(97.01) 137(95.80) 0.698
FARIBST 23(17.42) 41(30.60) 34(23.78) 0.054
kAt fk, 13(9.85) 24(17.91) 20(13.99) 0.116
W4 B R 0> ) 38 15(11.36) 11( 8.21) 15(10.49) 0.546
I P 95 4( 3.03) 9( 6.72) 13( 9.09) 0.081
5 R I 31(23.48) 36(26.87) 41(28.67) 0.524
PP R 7( 5.30) 9( 6.72) 12(#8%39) 0.437
$B R 4( 3.03) 6( 4.48) 1210,8. 39) 0.087
RATA BT 8( 6.06) 8( 5.97) 12( 8.39) 0.621
B EAH 1( 0.76) 3( 2.24) 1(0.70) 0.258
S iR 14(10.61) 18(13.43) 20(13.99) 0.595
e EIR 7 82(62.12) 97(72.39) 120(83.92) <0.001

SOFA . FHASE WliTAl; ICU. FEWI =,
F2 BREESFNICU BT M FLEE /K E A0 12 h TR A AKI X &R

Y T R 1T R I
TR
OR 95% CI P OR 95% CI P OR 95% CI P
A ICU 2L AR K 1.29 1.14~1.45 <0.001 1.29%, 1.14 ~1.46  <0.001 1.23 1.09~1.39 0.001

MFABK-=20H  RFLIRA - — —
B4l 1.83 1.06~3.17 0.030 1079 1.03~3.10 0.039 1.58 0.87~2.88 0.135
FFLARAL 3.52 1.99~6.20 <0.001 ©3.35 1.89~5.95 <0.001  2.31 1.22~4.39 0.010

BT o R IARE (U AR A AR I, e T 2R AL ICU I IFLAR AN ICU 12 h J7 AKI B9 R ZEAFTEA Gt 22 Y
TMANSENE) 5 AU I BRI A7 (DL T AL G PEHRRR T 4RI Pl B 2 ) 5 AR . RBRE e 1 BT An e (B
BIARCHEHER T3 1 sh T A AL IR0 ) o

2.5 ROC ®Z& 5> # Lot
ROC {43 Hr4s B B, A IGU I L L R 7K osl
ST B B AE HR A 12 b A AKEY AUC Oy
0.66(95% CI 7 0. 60 ~0.72) , Wk 5E AKI %0.6- 4 2
)
B F R RRT (19 AUC 24:0. 70(95%CI 4 0. 60 ~ g |
0.80), WLKI1.2, ' AR
1.0} 0.2+
0.8 0 0.2 04 06 08 L0
1 RE
B OO . 4 B2 AICUMMABBMKEES AKI S5
:504_ 5 F RRT i ROC #
’ 1- NICUR IfiL .7 . .
ol 2 BEL 3 i i
AKI 2 s f o FA40 0 WOt A E , R84
"0z 04 06 08 10 TR IT A 230 40 e 0 AKT A5 38 45 1
1455
o o, SRR IE - Je A A T A TR T o
T A ICUMMARRMRKSIESRSE 12 h 7 R, 34 e 75 0 HR % A AKT (5 7 001 750 000 95

REARIE ROC ik b UL T BT T T G e 25 A



- 44 . S IR B 25 2%

Journal of Clinical Medicine in Practice

5525 &

REAEEE L, WAL 20 B L
Sl SR A T Ry e A AR A ) AKT e A 1) B
J BT 1 LR T AR A s AR S K P B EE e A,
Vi T e e R AE B AL T A =,
OLIVEIRA R A G %" X 8 % 1 2 5 3 L
BHL 74850 (RY) FH G R 2 BEAT R RS VE A S BIFSE , K
B FLRR T e G F R RI AL, 7E 9k
JHEERE H 5 T L9 LR K S T L v A T AT R
L& AKT 5 5 2 g sE R0 i FLRR 2
B R A B A AKT s KU 2 sl
PR S5 IRIMIE IR T AR5 9 & AKT gl sz A A
SeRFgE ) R IR, FUBRTDE £ A A S T R TR
BEIT B T Be B AT 09 L T 48 bR, ik dE
AU E S M FLRR AKX 2 e AR RE O ) 5
iy R AKT 1 EA T A E .

A 2 A I LB K N e B
FF k& AKT [ fa 6 R ZE 47 20 B, & 30 1 L R Sk L
fa s R 3 2 — (b R i 24 A [l Jasi 4 3 451 ok A
WF5E, HREAR /D, 2019 4E HSU Y C 21 g
JE T BT 151 X6 R AP 52 7 3 368 BN It AR o A
R AKL (R 2 17504, 45 0 R AR 1 45
S HIZRTSE SR Y AKL 2 bR v 52 2005 4F 2k
B 451455 W 26 ( AKIN ) A5afE , H b B RO I RS

HeFEAE A I AKL 235 19 RRT 497 — B2
PERFFT#E°21  GISEWHITE S %522 i I Ji 7
Rt AL R (1H-NMR) 9 3% %F 82 {51 % 105 A BT JR
TWIEAT o0, 28 08 FE & T B R RE 84 1L
B, 9221 ROC Al A= it M s o8 2
FIRLFH RRT A BUALRE , TS5 S on 9 Fhftigs
W) 5558 s F RRT S AH3E0P <0.05) , H
W FLIR T 5 R 1 AKT 2330 | B8 R A R
RRT #1356, 9 B BA K40 FR 900 1 (LR
AUC =0.901) ., AMFIE4EHRE FRBEE ™ 45iE
FAARL, 2 BRI ICU ) 0 gk ) 1t L 7R 7K SF- 7 LA i
I AKT % A= FSE R RRE, 330 A E X I A 175 | 4
Bt 2 FH Ak Fn -5 22 @ YA A 15 Bl , 1 H i FL R 7E
Ry P BRI R BT AR, 38 A4 W o

At 55 FINNAKI BAF ™ o e B E /D 1.
PR v FEOEEE 1) R 2 B, 8 R I B s I A i
DR IZRIFSE A BT I 1 Wk BA B F 5, i i 4
AEXF s, HH A G 775824 17 A~ ICU 2 Hu
I RS A 1 K . AR 5% SR FH Il Jasi 14 A %) 4
7%, R I FLER AL B A 0 AKT &9 % 5 TRFLER
i oh AR, ZERASITFE L (P <0.001),

WEE AR, ZH RSP R BN, PR A
= 1 mmol/L, WREEAE B # KA AKT A HES 32 5
23% , X3 NELRLIZ AL AR B, 3 — A
JerEAE B A ICU B I FLER 5 A ICU 12 h J5 &
Az AKLFF7EA Ge it 24 2 U T AR G 1, I B A2
HAIR A R 5w/

ARSI AL — S BRI B2, AR
WEEMEWEIY , v BEAFAESE Ry , WA 5% S T B
MR TIR e 25 R, A9 B 58 %8
SR EN, AT RETCIEE T B S A BRI I
J&  ASBIEGE A I BEAF 5, BOA 5 I B R FEAS &
Z L BEALX BT Tl — 2 UF SE 4518

5% 0k

[1]  STANSKI N L, WONG H R. Prognostic and predictive enrich-
ment in Sepsis[ J |.” Nat Rev Nephrol, 2020, 16(1) ; 20 -31.

[2] DE'BACKER D, CECCONI M, LIPMAN ], et al. Challenges
in the management of septic shock: a narrative review[ J].
IntensivesCare Med, 2019, 45(4) . 420 —433.

[3] 'BELLOMO R, KELLUM J A, RONCO C. Acute kidney inju-
ry[J]. Lancet, 2012, 380(9843) : 756 —766.

f4] POSTON J T, KOYNER J L. Sepsis associated acute kidney
injury[ J]. BMJ Clin Res Ed, 2019, 364 . k4891.

[5] UMBRO I, GENTILE G, TINTI F, et al. Recent advances in
pathophysiology and biomarkers of sepsis-induced acute kid-
ney injury[ 1. J Infect, 2016, 72(2) ; 131 - 142.

(6] BREA, AL, HR{ER, % FHMFLEAKE R E
BEpe s B S B E M E L], PRI 2Rk,
2019, 22(6) : 556 - 561.

[7] VAARA ST, HOLLMEN M, KORHONEN A M, et al. Solu-
ble CD73 in critically ill septic patients-data from the prospec-
tive FINNAKI study [ J]. PLoS One, 2016, 11 (10):
€0164420.

[8] VINCENT J L., BAKKER J. Blood lactate levels in Sepsis: in
8 questions[ J]. Curr Opin Crit Care, 2021, 27(3); 298 -
302.

[9] OLIVEIRA R A G, MENDES P V, PARK M, et al. Factors
associated with renal Doppler resistive index in critically ill
patients: a prospective cohort study[ J]. Ann Intensive Care,
2019, 9(1) . 23.

[10] SUND Q, ZHENG C F, LU F B, et al. Serum lactate level
accurately predicts mortality in ecritically ill patients with cir-
rhosis with acute kidney injury[ J]. Eur J Gastroenterol Hepa-
tol, 2018, 30(11) . 1361 - 1367.

[11] BARRETO A G, DAHER E F, SILVA J G, et al. Risk fac-
tors for acute kidney injury and 30-day mortality after liver
transplantation[ J]. Ann Hepatol, 2015, 14(5) ; 688 —694.

[12] ZHANG Z, NI H. Normalized lactate load is associated with
development of acute kidney injury in patients who underwent

cardiopulmonary bypass surgery [ J]. PLoS One, 2015, 10
(3) : 0120466. (TF4% 53 @)



5 14 3]

SR PR R 25 235

Journal of Clinical Medicine in Practice

- 53 .

(2]

(8]

[10]

(11]

JENNIFER G. JETTON, DAVID ASKENAZI, et al. Acute
kidney injury in the newborn: a consensus statement. Archivos
Argentinos de Pediatria, 2020, 118(1) : S50 — S58.

EHB, R mORR, AR BT LR B A bR Ak
YRS ILR. AR AL R B2 A ks R, 2021, 17
(1):7-14.

AR E S LRV R R LA, hIE BRI AR L
P2 &l 22 61 25 3 AR LI TLAE 12 I8 K36 9T
LRIA(2019 4ERT) [T]. A ILBR, 2019, 57(4) .
252 -257.

BELLOMO R, KELLUM J A, RONCO C. Acute kidney injury[J].
Lancet, 2012, 380(9843) : 756 —766.

POTTEL H, DELANAYE P, SCHAEFFNER E, et al. Esti-
mating glomerular filtration rate for the full age spectrum from
serum creatinine and cystatin C[ J]. Nephrol Dial Transplant,
2017, 32(3): 497 -507.

KARIJ A, SHALABY M A, SOFYANI K, et al. Urinary neu-
trophil gelatinase-associated lipocalin (NGAL) and serum cys-
tatin C measurements for early diagnosis of acute kidney injury
in children admitted to PICU[ J]. World J Pediatr, 2018, 14
(2): 134 -142.

KANDASAMY Y, RUDD D, SMITH R, et al. The relationship be-
tween body weight, cystatin C and serum creatinine in neonates[ J ].
J Neonatal Perinatal MED, 2017, 10(4) ; 419 —-423.

ARCEO E S, DIZON G A, TIONGCO R E G. Serum cystatin
C as an early marker of nephropathy among type 2 diabetics: a
meta-analysis| J |. Diabetes Metab Syndr, 2019, 13 (6):
3093 -3097.

FENG J, CHEN H W, PI L], et al. Protective effect of tan-
shinone IIA against cardiac hypertrophy in spontaneouslyshy-
pertensive rats through inhibiting the Cys-C/Wnt signaling
pathway[ J]. Oncotarget, 2017, 8(6) ; 10161 —10170.
BANGJ Y, KIM S O, KIM S G, et al. CystatinsC is associat-

ed with partial recovery of kidney function and progression to

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

£20]

[21]

chronic kidney disease in living kidney donors: Observational
study[ J]. Medicine: Baltimore, 2017, 96(5) : e6037.
K, TERE. BRI MR C L2 B RIRAG
PR L/ WURTAE 2 ROE bR 50 B s s Wi (L .
HRIEE C2E0 . 2021, 15(10) : 106 - 108.

B, eI ER C 1064 1R B DG 2 iR A I A 55 1 s 5
WP P B IR RO ], PIRSEHIBEZS, 2021,
16(11): 14 -16.

BE, SrER, W MEMNINER C R A E A B, -
TR I G 2 T A6 0 1o I 2 A1 2 7 400 4
FHMELT]. EPRRAE S R A5, 2021, 19(2) .
29 -31.

IR, SN, RER, . MG AME Clq RBP R
mALB 1A G 78 L A5 B 50 7400 5 4 v 4 s PR R
X[T]. K52 SR, 2021, 18(3) : 318 -321.

RN PREE 5 PR IUUBERY LETH B, ORI el s 4
AR B A DU X PR o i 2 (B T ] S
REEZG AR, 2020,024(21) : 86 - 89.

k. MBI AEA S A BCA BE R C N T R IR
W5 RIS R R A B (T ], E S R 2, 2020, 15
(19) w14 =160

225, 1 NGAL Cys-C \RBP A I 7EME iR 4 05 R 18
WIS . BURIZIET 5iR9T. 2020, 31(5) : 760 - 762.
MR, AR SCE. ILBEBELS & 3 H IR R 5 B AR DR
EEFRGINRRIT]. PHEBFEZIRE, 2019, 38
(8): 861 —863.

ZEHg. IS EE C A P 4 L B B A DG iR I8 2%
U A LE B E RS B2 EL]]. &
#Ezy, 2019, 23(7) : 1390 - 1393.

B, EIRIE ISR C OB -1 MRS &
FGIIXT A LE Bk S SRS Hn ELT ). P
REEA= R, 2019, 47(5) : 598 -601.

(R thdh: A 4H)

(L35 44 @)

[13]

[14]

[15]

[16]

[17]

[18]

FREIRE J P, WIERINGA N, DE FELICE E, et al. The as-
sociation of early combined lactate and glucose levels with
subsequent renal and liver dysfunction and hospital mortality
in critically ill patients[ J]. Cuit Care, 2017, 21(1); 218.
EWIE, S, 20 AEFL MK 2B
T B R B P TS ) BN AT ()] SN EE
2, 2021, 45(4)632 - 634.

B, & MR, VIR, . PICU MesEaE LT A 2tk
VAR AEs: R R BUS s B (] AR fE E s SR
2%, 2019, 31(¢8)": 1004 —1007.

Wi, (TS, HGEJR. PCT . Lac cTnl cTnT K KA A
X ICU BREFAE & 9 AKT BE RIZWr N [T ], bric fesesy
Hr5ifs R, 2021, 28(3) : 447 —451.

T M, WA, SRAIR, 4. MUVEEIER C RS AL
X HRERAE 2 ML B B S MR E L T]. PR
HREE¥IE, 2019, 14(6) ; 540 - 543.

XIBEIE, FEPIR , ARURLL. MR PEIR s SR v B i 0
HEBR R M [T A fE EAE PR 2 2R TR,

[19]

[20]

[21]

2018, 11(6) : 366 —371.

HSU Y C, HSU C W. Septic acute kidney injury patients in
emergency department; The risk factors and its correlation to
serum lactate[ J]. Am J Emerg Med, 2019, 37(2): 204 -
208.

PR, FRERIR, MR, GE. RRLE IR AR I LG
PerEAR oS IF Ak B B E BUR B2 [T ], ST IR
7Lk, 2018, 22(7) : 63 - 66.

CHEN W Y, CAI L H, ZHANG Z H, et al. The timing of
continuous renal replacement therapy initiation in Sepsis-asso-
ciated acute kidney injury in the intensive care unit; the CRT-
SAKI Study ( Continuous RRT Timing in Sepsis-associated
AKI in ICU) ; study protocol for a multicentre, randomised
controlled trial[ J]. BMJ Open, 2021, 11(2) ; e040718.
GISEWHITE S, STEWART 1J, BEILMAN G, et al. Urinary
metabolites predict mortality or need for renal replacement

therapy after combat injury [ J]. Crit Care, 2021, 25(1):
119. (AL P#H. HILHR)





