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(GHILAFF AT EILE EIR B IEAAE, 6 100020)

[fHE] Br HIHLEFELMEERZEEAE (primary nephrotic syndrome, PNS) F-& 2 PEF i) (acute kidney
injury, AKD) PR3 OGRS R F LUK o P 4 i W] i AH OC B 732 28 8 11 (neutrophil gelatinase-
associated lipocalin, NGAL) . FHEHIGHF 1 (kidney injury molecule-1, KIM-1) 7£ PNS JL# I & AKTHHIG0 4 1)
EM. Ak ATETEICEE 2021 4F | H—20224F 10 H T8 &8 LRHIFFE 0T R I L3 18 e 4 Be v 7 19 PNS SR LRI IR
PERE, MR R AKIA  AKLAL (47 15]) J2dE AKTZH (169 91)) o SR FH 2 [ 2% logistic [ 43 MR 15 PNS I &
AKIFER E R, IF A AR LR KIM-1, NGALZK V-5 AKU/H A G, 455%  PNSIBJLITR AKLIY &
N 21.8%., ZHZE logistic MIEAPT R, WERBIAERHLEAAE . HILE Y . KEEAREPNSBILIT A
AKIfER R Z (P<0.05) . AKLEJLIR KIM-1, NCGALZK = FIE AKI4L (P<0.05), H AKI2 P4l . AKI 3 #1301
HIRNGAL . KIM-1 7K1 AKL TIHIEZH (P<0.017), £5i8  KIM-1F1 NGAL RIAE N FIHI2 1 PNS LA I AKI
P bREY) . B PNS BULIT & AKTRYEE s W ARE, s oRH G b R 28 04 W) AT SR 28 2 L
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Early identification of acute Kkidney injury in children with primary nephrotic
syndrome
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Abstract: Objective To investigate the incidence and risk factors for acute kidney injury (AKI) in children with
primary nephrotic syndrome (PNS), as well as the role of neutrophil gelatinase-associated lipocalin (NGAL) and kidney
injury molecule-1 (KIM-1) in the early identification of AKI in these children. Methods A prospective collection of
clinical data from children hospitalized with PNS at the Children's Hospital of the Capital Institute of Pediatrics from
January 2021 to October 2022 was conducted. The children were divided into two groups based on the presence of AKI:
the AKI group (47 cases) and the non-AKI group (169 cases). The risk factors for AKI in children with PNS were
identified by multivariate logistic regression analysis. Urinary KIM-1 and NGAL levels were compared between the AKI
and non-AKI groups, as well as among the different stages of AKI. Results The incidence of AKI in children with PNS
was 21.8%. Multivariate logistic regression analysis revealed that steroid-resistant nephrotic syndrome, gastrointestinal
infections, and heavy proteinuria were independent risk factors for AKI in these children with PNS (P<0.05). Urinary
KIM-1 and NGAL levels were higher in the AKI group compared to the non-AKI group (P<0.05), and the urinary NGAL
and KIM-1 levels in the AKI stage 2 and stage 3 subgroups were higher than those in the AKI stage 1 subgroup
(P<0.017). Conclusions KIM-1 and NGAL can serve as biomarkers for the early diagnosis of AKI in children with
PNS. Identifying high-risk populations for AKI in children with PNS and strengthening the monitoring of related risk
factors is of significant importance. [Chinese Journal of Contemporary Pediatrics, 2024, 26(9): 921-925]

Key words: Primary nephrotic syndrome; Acute kidney injury; Neutrophil gelatinase-associated lipocalin; Kidney
injury molecule-1; Child
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Bk M 9 25 A fiE (primary nephrotic
syndrome, PNS) J&IIfi R 5 WA JLEHE IEB R 2 —,
PNS L WIT R RE AR R | ke & 2k B 1
(acute kidney injury, AKI) . JT4F3k, PNSEIJLIFA
AKI W) &Rz Ft . LEF (serum creatinine,
Ser) FIpREL R HATAKLAIZWiTaR, (HZ B4
P . ARESED R A sE e, e LAE S 4 S v 1
DIRe s Wy da bn 0 H AL b Y 2 AR
RSB /NRIE I RA G, AREERD R NE
PO LIRFERE oL, MELME I R B2 KA Y7 PNS
AT AKUE LI IR A= Yy s bs o ik, AT
FLITCRIPEAR B 4005 00 A= W i W i 2 B E

[ A B 9T 2R T, DR v YA 240 B
fitg A#H OC J§ Bt iz 2k 45 1 (neutrophil gelatinase-
associated lipocalin, NGAL) . ¥ #i{;53>F-1 (kidney
injury molecule-1, KIM-1) & )L AKI R U2
WrigbrnZz —, HAFRYEDL T Ser ™ HE, X T
NGAL. KIM-17£ [ N JLE AKI H g/ 05 v Ak
TRLH B BARTTE 2 K E L PNSIF & AKTHY
JELA, PNS LR NGAL, KIM-17KF5 AKI 53
ZISC R AR IAGE . AP, JKNGAL, KIM-11Y
S 1 AR B TR IR, PNS (LG I AKT R i
FEAFAENS PR R SR IS R 0, A2 M 2 o
BILETE AR, HIE i 9 . AT IR
PNS LA AKT @R R AT 20 8T, X AKT
e fE LI I, S R BUE LS, A AL
HI R A RIBURYY , A B T8 AR Bem e,
WAMERE ], M

1 #ZBE5HE
1.1 MRS

AW PE N 2021 4F 1 4 —2022 410 H THebe
FEBERY 216 45 PNS LLRRGBIGERE ., IAFRE: A
A SEHE G IR TR HAT A PNS 2 Wibn it (Rt
JR: 24 h JREE A& 5 >50 merkg; [RE FMAE: 1L
HHEPMRT 25 g/L; Kb mIRILAE) 0 HEBR
PR RAKAEY; HEBRAE K N R TS B IR 5 1k
(nephrotic syndrome, NS) .

AKTIZ Wik ifi 2 B8 2012 45 B3 2Bk B JIE 5 191
Ja 2041 (Kidney Disease: Improving Global Outcomes,
KDIGO) Fr#fE ™', Bl 48 h N Ser T #5>26.5 pmol/L,
57 d N Ser Jhm i L AE 1.5 A5 L E o AKT 11
Ser T} 5 & LAl A 9 1.5~1.9 £% 5% >26.5 pumol/L;

AKI 2 ]2 Ser Th i 2 HE A {H A9 2.0~2.9 7% ; AKI 3
. Ser Fh i R AY 3.0 £ 5% >353.6 wmol/L.
B Ser K58 SCHABERT 61> H N8 A Be 18]
RAFH AR Ser (HAE A FERIME . B AR R £ JLIL
A Ser P SR e RVEUA , AKLRY M o1 AKT A&
Az J BIUEEAE Ser KPR E . PNS I AKT R R L
N AKLE, FFEAREI2 bR e 23 AKT 12
AKI2JP2H . AKI33HF2H ;TG AKIIY PNS L1k
NAEAKIZH . LRI A 2 A8 20U M KA
SE 1 B IR MOR A, W5 C i FR B A8 HH 2z B
2t (SHERLL2021009) .

1.2 ek E RS E

WA LI IR BERE, (1) IR RIECR IR YT
N, AL4E . R HUR A NS (steroid-sensitive NS,
SSNS) . ¥ 2= Mt 25 % NS (steroid-resistant NS,
SRNS) . # K K #i %1 NS (steroid-dependent NS,
SDNS) ™5 (2) Il AR i IR Ko 52 56 28 4G A 445
(3) VFREPEZSY) IO, GLEE S R 1R Tl
#1551 (calcineurin inhibitor, CNI) . "B & -1l 4 &gk
2 i BH 7 77 (angiotensin-converting enzyme
inhibitor, ACED) . FIJRFIHIEFEIEUER
1.3 R NGALF KIM-1 H46&:

WS BT A PNS (LY RIRFR A, 3 000 r/min,
B0 15 min, BUEVEW 1 mL, -80°CUHRAT. ML
] <F5 2R PR IR B 75 W B D7 2 4G PR NGAL . KIM-1
(R & A IR AE YRR FRAE])
1.4 FHIFZESN

K I SPSS 18.0 G it Ak B AT R i Ge it 3 #r o
ARG LA 735 (%) Fos, I R
MK . AFFE IR BT GORER (2 2
(Mo alEE) (M (P, Py) ] FRow, WM
Bk H Mann-Whitney UK, Z 4 a3k H
Kruskal-Wallis H ¥ % , = J5 M % L &8k H
Bonferroni %, T FLEE KT IR /K HEA 0.017, fEBS:
K 243 H1 % FH 2 I 2 logistic [PIH 4381 BRI L
Bk, P<0.05 255 A G

2 #R

21 —fRER

g A PNS L 216 1, dE AKI 41 169 {4
(78.2%); AKI4147 ] (21.8%), Hi AKI 1126
% (55%), 231 1341 (28%), 38K (17%).
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2.2 PNS BJLHE AKI HBREESH R [ IUAE A1 R & A A R Fe il 4R AKT 4L (P
AKIZH £ JL SRNS, JHALiB &Yy . CNIff | <0.05), WFE1,

*£1 PNSEJILHXZAKINBEREREZST

TiH 4 AKI4H (n=169) AKI#4 (n=47) ZhH PiH

AW [M(P,, P,), %] 4(3,7) 42, 6) -1.563 0.118
B [11(%)] 112(66.3) 32(68.1) 0.054 0.816
R IBIT R [151)(%)]

SSNS 122(72.2) 22(46.8)

SDRS 17(10.1) 4(8.5) 14.939 0.001

SRNS 30(17.8) 21(44.7)
IS S [51](%)) 23(13.6) 9(19.1) 0.894 0.344
THALTE IR [151](%)] 21(12.4) 19(40.4) 19.106 <0.001
B [11](%))]

SkfupE & 11(6.5) 3(6.4) 0.000 1.000

FIPRF) 32(18.9) 9(19.1) 0.001 0.974

CNI 39(23.1) 23(48.9) 10.786 0.001

ACEI 11(6.5) 5(10.6) 0.411 0.521
FR L [461](%)] 14(8.3) 8(17.0) 2.188 0.139
AR F1IAE [51)(%)] 33(19.5) 18(38.3) 7.184 0.007
K2 IR [161](%)] 36(21.3) 23(48.9) 14.144 <0.001

T [AKL] e ifs; [SSNS] SRBUSEE LR E; [SDNS] BB FHRZE & 1E; [SRNS] BRI R HNZEE1E; [CNI]
EEPRERREEIGIR s [ACEL] B3R -4 SRk R S e M RE a7

2.3 PNS#JLF# % AKI B % FE % logistic [E] I3 43 #f B ERGY . KB R JE PNS LI & AKI GRS
Z [ & logistic A4 R B, SRNS, 1 WE (P<0.05), W2,

Fz2 PNS2EJLHE AKIH & E X logistic B35 #7

i H Tt {E B SE Waldy? P OR(95%ClI)

HERIBIT RN

SDNS 0=SSNS, 1=SDNS, 0.266 0.583 0.208 0.649 1.304(0.416~4.085)

SRNS 2=SRNS 1.397 0.626 4.987 0.026 4.043(1.186~13.777)
THALIE R 0=, 1=4 1.058 0.383 7.632 0.006 2.881(1.360~6.104)
CNIfEH 0=7t, 1=A7 -0.434 0.600 0.522 0.470 0.648(0.200~2.102)
AR 1 Il AE 0=TG, 1=4 -1.592 0.873 3.321 0.068 0.204(0.037~1.128)
P vi-{E)id 0=Ja, 1=A 2.444 0.868 7.922 0.005 11.516(2.100~63.143)

TE: [SSNS] MERBUEAEINHRLEEME; [SDNS] BERMOBENRLEG1E; [SRNS] BRI B MLEEAE; [CNL] E5RBERR I I 7 o
TR T, e R 22K X/ T 5, SR e i bkt

2.4 THHRNGALFIKIM-1 7KL i NGAL, KIM-1 K25 H Gt #E X (P

AKI 2 JR NGAL., KIM-1 7K & FHF AKI 4, <0.05)., HEWMNLKER, AKI2H4 . AKI3
LZRAGIEE L (P<0.05), W3, W2 JR NGAL . KIM-1 7K ¥ T AKI 14 (P
2.5 AKIZ45HIFR NGAL #1 KIM-1 7K FE Lk 3% <0.017), W34,

AKI 184 . AKT 23V . AKT 3313741 JR

%3 FEAKIES AKIZARNGAL, KIM-1KFELRE (M (P, Py) ]

ZH 51 %k NGAL (ng/mL) KIM-1 (pg/mL)
4k AKT4H 169 98.77(69.31, 167.31) 68.32(37.59, 95.65)
AKIZH 47 411.21(267.69, 569.91) 284.68(174.59, 395.27)
VAL -9.081 -9.343
PlH <0.001 <0.001

T [AKL] @Rt [INGAL] wPisi 2 i DI AR OC IR Buz AR 5 [KIM-1] BRSO R 1~ 1.
+ 923 -
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F4 AKIZBHHIRNGAL, KIM-17kFELE (M (P, P ]

451 [k NGAL (ng/mL) KIM-1 (pg/mL)
AKI 1740 26 291.82(195.65, 409.91) 188.94(117.54, 284.18)
AKI 231357 20 13 502.22(395.57, 576.2)" 292.29(282.03, 413.84)"
AKI 334 8 813.03(652.09, 959.11)" 496.66(469.45, 584.34)"
H{E 29.191 24817
Py <0.001 <0.001
e [AKL] 2P B0 [NGAL] rh Mk 40 e W) e B AH SC i Brig 8 1 ; [KIM-1] B HERIi N+ 1. asn 5 AKL 140 L%,
P<0.017,
3 it A PR R RSN 22 i 1) PNS O & AKL AR L

PNS J&—Fl i UL LIS VR B Nk, B
PNS LA &A= I R AE AR, J63E T 2015 4F
PEAT T —I 2 vt i s g, S5 )L E
PNS J: & AKI & 95 ik 50.9%, MBRIEYL . ik
M Z ANIER 3 KIF KA, PNS I & AKT A9 L
PUERGER R . SRHE L, WRBILTEZ X
T W)

— L JURHIG RAFSE s, B R
SRNS Jy PNSJf- & AKLIUfaks & =, A2 K
Z logistic [FIH 445 F 7R, SRNS, T4k kg
JEPNS LI & AKLF S fER R R, 5 H A G
R O RS NS HAKT R UL PR 2
— IR LS 119 B A AKT B NS LS 74
B, G55 R Y 56% Y, AR TN AL A
T, BJLHEMKE | EISEE AR R, S 8a R
b, BIETERR RS, TR NERuE
SIRTFFLL T, STREATUEWIRMNMERE, K. B
fift R AR 25 L, etk AKT B &2

B R ME 2SR AKTHR DL o R L2 )
45 ACET, CNIAE ftEdi R . Btk 25
SN, R R IHOR B R 5 A AKIT U3 in
B ARBEgE R, AKIL L CNI A4 FH L 4
(48.9%) WA TJC AKIEIL (23.1%), (HZH
% logistic [1J34347 2 7k CNTIEAE PNS HULA I AKT
(ST fE R R 2, X ATRES LAk, ARBFIE O
JNaE 7 X PNS LR CNTHAE] A Wi, AF ek el
NS ERE, i sl f5 Al N, 338 i 2 i 43t
R, YRR

AR AR WoR, Kbk RS2 PNS & LT
K AKIS fE H . PR EE AR
TSR NER E L, InE ENER B, TR
KEAT BebE E/NER A, RISl E NE TR
SNE RN IR, 2 T8O R RAT4Efl, UK E

A EREYIWE

AKLZ e LTS, Bhmayr MERE, 4K
PNS Jf- & AKL R ARG H T DI se A 2 280 i
e, ARWFsEH, PNSHBILIE & AKL Y & 9% %0
21.8%, 2016 4EAFULREAAFFE H, PNS & JLITA
AKI B IRF R 34.3% 1, X 5 JLAEF O E
PNS BJLIRTF b fE T, X3k AKTAHC fa s R 25 it
3 T T WS I R R IR A G . BCRS B I
HHNER IR 2 CEE 1

W5, SR NGAL A1 KIM-1 1] Hr B
PRI R AKTERF 7. NGAL & —F 21 kDa (5
iz 3 I F R . NCGAL 4T 41 L Y
FERPE N E BB Sr, TEA RS e
PEANMG . RN ATE /INVE AN Y. NGAL Ak
PSR B/ NVEANME,  7E AKT L30T AT 78 JRI R AS
F, MEAEAKIE, = RI A /NE F NGAL
(= A AT 1 00065 . A KIM-1 & —Ff 1 5z 41
BB T, &AH — B e Bk A A .
KIM-1 {5 {ff RNA &R (15T 76 1E 5 B E rh DAIRK P
ik, (HAEE HPE S B R S R
g o

ARBFSE T, AKIZHJR NGAL., KIM-17KF5& T
EAKI 4, HAKI 280 2H . AKI 3 )W 20 & F
AKI THAW2H, $27RIR NGAL, KIM-1 2 Wi PNS &
FF AKIL RS PESE AR, o] AT AKT, I 0] X}
AKL ™ SRR FE AT A0 I . PRAR A B3 a7
TR A i I 25 B LA R R Y, A BT
HZ W )L PNS & AKI,

AR FEAFAE— B R BR M . ARBIE ST N b
5%, MABILEEAR, 752 POk R
NGAL, KIM-1 A1/ Bhi2 Wr PNS 3 & AKI [t HAH B
HIEY2EbR S

Zi FRF R, KIM-1 F NGAL 1 E Jy 5L 32 thr
PNS LA IF AKLRAEYFRED) . i PNS 2 LT
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S AKT IR E R AR, s AR SC £ 6 PR 2R 1 e
HATHEEE L

E TR ER: SF R THRIBKE, LT
B, ¥R KL RIR G T LF T RS
B Bofm, FERATHEST; e, £
oAb, HARF ﬁzl n ﬂi%ﬁi%{t

F) 35 7F % 75 A
RER,

BT B AR & 5 AR A A ) b
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