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Abstract

BACKGROUND

Acute kidney injury (AKI) is a common complication of
decompensated cirrhosis with high clinical mortality and
poor prognosis, of which acute tubular necrosis (ATN) has
the worst prognosis. Timely and accurate identification of
ATN is a difficult problem to solve clinically. Previous studies
have shown that urinary neutrophil gelatinase-associated
lipocalin (NGAL), trefoil factor 3 (TFE3), and kidney injury
molecule-1 (KIM-1) have potential value in the differential
diagnosis of ATN and other types of AKI in patients with
liver cirrhosis, but they still cannot be applied in clinical
practice due to the low diagnostic efficacy. It is necessary
to further explore whether the combined detection of the
indicators can improve their diagnostic efficacy for ATN
associated with cirrhosis.

AlM

To analyze the value of urinary NGAL, KIM-1, and TFE3,
either alone or in combination, in the differential diagnosis
of ATN in patients with cirrhosis complicated with AKI,
and explore the cut-off values of urinary NGAL and other
indicators in the differential diagnosis of ATN.

METHODS

A total of 190 patients with decompensated cirrhosis were
selected, including 108 patients with AKI. They were divided
into different subgroups according to the cause of AKI,
including 33 cases of prerenal azotemia, 27 cases of acute renal
injury with hepatorenal syndrome, and 48 cases of ATN. The
value of urinary NGAL, TFF3, and KIM-1, either alone or in
combination, in the differential diagnosis of ATN in patients
with cirrhosis complicated with AKI was then assessed.

2023-10-08 | Volume 31 | Issue 19 |
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RESULTS

Urinary NGAL was of great value in the differential
diagnosis of ATN in patients with cirrhosis complicated
with AKI. The area under the curve (AUC) was 0.902;
when the diagnostic threshold was 271.8 pg/g Cr, the
sensitivity was 81.3% and the specificity was 85.0%. The
combination of two biomarkers could improve the efficacy
of differential diagnosis, with the diagnostic perfomance of
urinary NGAL combined with urinary TFF3 being the best
(AUC = 0.933, sensitivity 85.4%, specificity 88.3%).

CONCLUSION

Urinary NGAL, KIM-1, and TFF3 are of great value in
differentiating ATN from other types of AKI in patients
with cirrhosis. The combined detection of any two of these
biomarkers can further improve the diagnostic efficiency,
which is worthy of further study and clinical promotion.

© The Author(s) 2023. Published by Baishideng Publishing
Group Inc. All rights reserved.
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FEAT I3 70 A 1) H & H - 35 £ AR i 2 (mean £ SD)
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TAEE R, A M TRARTEATNAL FHUE I 2 K TPRAA
JHRSHL, 22 5335976 Giit 243 X, VEWLZR2.

2.3 AMArE S TATNG S B UL ARE0 T — 25 F]
FAROCHI £ A5 2L Mt broxd T AL & IR AK LR 3
ATNIJIZI N E, SRFTFSWENME, 5 & IERIA
(1154 VP B ThAE R AR (FeNa & R Albumin)idE 47 %
Et, 3N EAR I EARIZ Wi R RE Y B T FeNa 2 JR Albumin,
LW i R JENGAL, AUCHE0.902, 2 Wil A Al
4271.80 ug/g Critf, BUKEH81.3%, it 485.0%. H:
K, FabrdL A IR m R WiRE 71, o JRNGALECS JR
TEE3 {2 i 1 5R(AUC = 0.933), H K ZuNGALEE &
uKIM-1(AUC = 0.918), 4= T FeNa% AR A HEH, 71
73, ROCHIZE I LI 1.

31718

AK AR RAREE AR Ak, S 18 in 2t FFF 3008 1) 5 WL
i, FHRNAET e HIG PR TS 22, B fff b 4 1 AKT
MR, X T8 SR YT ROCE TS Ty I, LR
] R 3 TR 50 435 ) 2 55 45 £ AT NT SR 2 e AR 0 15 A e [
), H B Rz N GRS W BT LA
MSCEL, BTIIRTFC AR, FRNGALYS T % HIATNA —5E [
G RANME, {H A2 WG SR AT 75 2208 58 2 1 78 ISR IE,
HIZW e A IR, AREAENIZWATN [&brik, anfi
HBE— 05 m PRN G AL F I AR 2 W1 RURE T T80 1R T
A EH RS AT, JRNGALS T ATNZ I 2 6E
L, AUCH0.902. # 1B A271.8 ug/g Critf, HUSMEN
0.813, Hr5FMM0.85. I s, HAthFa bRl JRTFF3FI
JRKIM- 1A ATNH A B a1 S e Wi e, 4 A%
(R R FRFR LA AT g S 2 W RE /), L JRNGAL
PG RTFF3RZ e /i m(AUC = 0.933, Uit N
0.854, 'F 7 °H0.883).
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GambinofIPianoZ5!20224F 78 & KA i B o0y
W FHUE S IRNGAL R LAIX 7 ATN(1162 ng/mL)F1HE
ATN(PRA. HRS-AKIFRGBIAKIK K ART. 11151109
ng/mL), P<0.001), 2 Wi AT 59220 ng/mL(AUC =
0.854, R N8I, Fi w1t AT8%). Fi P IHL A L
TS T R EE IR, 435 A Huelin' "% A20194F
TEPGHE A ELIE B AN % 32044 HHAEAL A5 J R AK LR I 2,
WFFEUE S R AR AKTER 3 R JRN G ALK AT NP 4853112 Wi
e, 12 W EIE 9220 pg/g Cr [AUC = 0.87, (95%CI:
0.78-0.95)]. 73— 7t ~20214F Allegretti®h N7 Iy
T RN LRI, B9 B R RN G ALK ATNIF 2 W
Il FH1E ~244 ug/g Cr{AUC = 0.762, (95%CI: 0.682-0.842)].
AR R B JRNGALIX 4) ATN S HAR KR AKI(EL
FEPRAMHRS-AKDHIREIL S, G FHETE271.8 ug/g Cr
i, AUCH0.902, s ~0.813, 544 80.85, S
HIZRABAAI 7T 45 FAH LIRS AR 2 W R T £E, 2521
T DAERIBE AL, PTREAR HH T4 T R AR A58
Holl, ¥ PRNGALH R WUEH B G @A TS0 E, HIEH T K
A AKUE I3 R I FRBRAHEA TR, [F]HERR G
I T, phah, IS4 R R TS5 ABEAR
Al BEAREE /N R A FAR DG, (HEam S 2, A
FIE K N AN RIS 777245 e 5 SR i) — Sk
F B, NGALTEA [A] B ZFA R 40 N B0 T-ATN
A R AT S22 Wik gl

KIM-1/2&—Fig i A, 1E1EE B HL L PAR
ik, ARAE G/ NETEIT /N P 2 4E R R B R AR,
AT AR T E SEFAE A AK T B2 W 0058 2L A= b ) B
A B AR T HKIM- 1A TR SR A Sk, 76 S H:
fhgs B IR RIE, FN ARG RE R, 5
TAE R R IR, DA b A B A9 E (I R A EAE
DR, B IR, JRKIM-17EATNI R 5]
i S EEH, BelcherZ B9 1 FRKIM-1%F T FFAEAL,
G IFAKITATNAIA —E F401EH, AUC = 0.639, Ariza
2SI T 2 IR K IM-17E AL £ I AK LR IATN
A — 2 SRS E FH, AUCIH0.704, BUBNE N67%, H
S NT4%. AR R IURKIM- 10T ATN 4502
Wit A 240, AUC = 0.821, BUskit: SR 8 Kk T
80%, AVETEMImIRANMA, (EAFEE— ST,

H TEF34 A I LK, ARG IR o] e R AR RIEH —
BT WS 2 —, KRR iS5 BRI,
TEF37/E MR (¥ R A= B R R v R P s (™, Bt AT
XFTFF3AEY 2B DG, TR B AT 25 A0k i) 1 FH 7
B SRR 220, A IR SR Y, TRR37E s
A FHAKIHFNT T ATNA BT 2B Re, AUC = 0.824,
BBURRE N75%, Hr5 1 A8 1%, #iWT A°M3040 ug/g Cr. {H
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R 1 AINASEMEEIAKILABIZRN LA E YRS K F LR

EVRFEY) ATN(7 = 48) EhZERIAKI 7 = 60) P
FH() 62+ 11 63+10 0.060
BHEEBI(%) 27(56.3) 34(56.7) 0.132
BFIEN(%)
SIS 13(27.1) 18(30.0) 0.842
FERRIR 13(27.1) 19(31.7) 0.810
BIWNE 8(16.7) 11(18.3) 0.098
FFERERN (%)
RS 22(45.8) 27(45.0) 0.172
SRR 11(22.9) 12(20.0) 0.145
RECHBRBIETR 5(10.4) 8(13.3) 0.390
EBREIEASED AR 5(10.4) 6(10.0) 0.270
BEREIETR 4(8.3) 5(8.3) 0.472
Hith 1(2.0) 2(3.3) 0.069
FHEICFHAAEN (%)
=Y 36(75.0) 24(40.0) 0.005
HF RS 5(10.4) 10(16.7) 0.155
Bhhatm 20(41.7) 31(51.7) 0.093
SHEER
AT (wmol/L) 214.23 +88.07 156.43 +39.41 <0.001
PRZEZ(mmol/L) 23.81+£8.83 18.10 +6.09 <0.001
5/ N\ BRIEYZR (mL/min) 69(60-102) 80(50-94) 0.090
FRENHEIE D %) 2.1(0.8-2.5) 0.5(0.3-2.1) <0.001
FREBE&EB(mg/dL) 73(48-94) 26(23-60) <0.001
AHAESHR
BE8(g/L) 28.23+4.10 30.02 +7.56 0.120
RHIBZLZ (umol/L) 107.10 +53.16 47.32 +169.31 0.182
EbMmEEE 1.554 + 0.52 1.70£0.79 0.352
RRINBIRBNE (%) 41+17.87 58.40 + 26.40 0.873
Child—Pughi¥4) 10.72 £3.32 9.80+2.54 0.071
ER(mmol/L) 130.12+4.12 130.32 +8.21 0.132
MELDIEA) 30+8.5 25+4.8 <0.001
FRNGAL(ug/g Cr) 371.8(227.8-821.7) 69.4(49.4-196.1) <0.001
FRKIM—-1(ug/g Cr) 1.69(1.23-2.64) 1.02(0.73-1.13) <0.001

PRTFF3(ug/g Cr)

5421(4585-6338)

2377 (1652-3425) <0.001

ATNA vs EIZHIAKIA. @I ERDE + REET PO ME VS ESEINBRNTAEDIRSINIE. ATN: RIETE/NEWIE; AKI: BIMEEIR
{0; NGAL: M R4BIRERBEs RIS CEED; KIM-1: BR{hE<-1; TFF3: =[tHF3.

R LR, HTtm LA 58/ NE B

K, BEAIRES JOE B INEIE R FAER OGP, ENGAL K
KIM- 1T+ LA AR A, (AR IR E— DR T A
FiH, JRTFE3NT LA AK T ATNI 45012
Witg — e E, AUC = 0.807, 5515 N85.0%, SUEE N
79.2%. TFF3 AT RERCNAK T A Pbn 58, FLRiH KAE
FAMLEMTE 5 7E 2 A0 BTRE I AR 70 i — DR R,

F B — I = AR SIS W AR A TR, 17
AEEAE NGRS HATN &b, BEAE 78 SR, £
TEFR A REdR mob T AR & FEAKTH ATNIF 2 7
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IHERRPE, L5 R8BI PRI AR (AR 7 ) 450 2 BT RUAR,
AT TR A P TFEAR /AT ATN AR FZ (. AR
gt R R, IR FRICA BEE— D AR AR AT T
JHAEAL 3 T ATNI 2 W 2k Re, Hrh FJRNGAL+JRTFF3
LW s, AUCH0.933, BURE 985.4%, F5 R N
88.3%, FHAEF T ARSI REe, H 5 R W] REA
PRI I T AL AS [, ASTRIATLA e b (AT e 25 ] 3
—BIRF WG, A FREZHARRIUE, HTFF3SE
N b R A HAE A S, AR A ARG e PR 5 25
WHE 2, TFF3TERHEL & FEAK LSS T e A5
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R 2 NEEAKABEVIREHIKT LR

FREMIRGH) 2R = 23) JEAKI = 82) PRA(7 = 33) HRS-AKI(7 = 27) ATN(7 = 48)

NGAL (ug/g Cr) 19.3(6.6-36.4)  23.4(9.9-40.9) 68.7(50.1-144.2)>¢  80.0(48.4-212.6)"¢ 371.8(227.8-821.7)>%™"
KIM—1(ug/g Cr) 0.72(0.13-1.36) 0.67(0.18-1.53)  1.02(0.64-1.10) 1.07(0.83-1.81) 1.69(1.23-2.64)>*"
TFF3(ug/g Cr) 323(183-429) 373(189-532)  2592(1794-3368)>¢  1993(1207-4289)"¢ 5421(4585-6338)>"
FRENHEBE D £ % 0.5(0.3-2.1) 0.5(0.4-2.1) 2.1(0.8-2.5)"
BZ&EB8(mg/dL) 25(22-34) 29(24-89) 73(48-94)%9

JEAKIZE vs PRAZH vs HRS-AKIZH vs ATNA. @ BUEIDE + ivEEPREIUOEN TSR AR EMNGIENE, °P<0.001, BN
FRAALLER; “P<0.001, HBEIBIRSIEAKIALLER; °P<0.05, P<0.001, HBEIBIRSPRAALLER; %P<0.05, "P<0.001, HHEIEIRSHRSALLE. NGAL: ChiIE
HI4BIEERREB XSG ES; KIM-1: BIRHET-1; TFF3: =[tA=3; AKl: RMEIR; PRA: SEIMERINE; HRS-AK: FFSGRETERMS
DAY, ATN: RS/ )BIAZE.

= 3 ZHIATNHIROCHHLZ:

EYRREYD AUC P Hili NRE UK AV
FRNGAL(ug/g Cr) 0.902 <0.001 217.8 85.0% 81.3% 0.663
FRKIM=1(ug/g Cr) 0.821 <0.001 1.19 81.7% 81.3% 0.630
FRTFF3(ug/g Cr) 0.807 <0.001 4428 85.0% 79.2% 0.642
FRNGAL+ERTFF3 0.933 <0.001 88.3% 85.4% 0.737
FRNGAL+ERKIM=1 0.918 <0.001 85.0% 85.4% 0.704
FRKIM—1+ERTFF3 0.810 <0.001 80.0% 85.4% 0.654
FRENHEIE D %) 0.708 <0.001 1.05 65.0% 75.0% 0.400
FREZEB(mg/dL) 0.756 <0.001 385 73.3% 87.5% 0.608

ATN: BIEES)VEIASE; ROC: 18 TIFIBEERL: NGAL: P RZBIRERES B RIS UG EED; KIM-1: BIRIHEF-1; TFF3: =[1HF3; AUC: £
ANEI A

Hh sk
— RBEZEH
— RENHRIEL
—— JENGAL
—— JRKIMI
JRTFF3
JENGAL+/EKIM
JENGAL+TFF3
— JRKIM1+TFF3
e

0.8

0.2

0.0 L
0.0 0.2 0.4 0.6 0.8 1.0
15
DOI: 10.11569/wcjd.v31.i19.808 Copyright ©The Author(s) 2023.

1 YRR SYINIROCEIZE. JENGAL: ik ZmiEiAE NS FHEEE 1, AUC: B4 FHER = 0.902; JRKIM—-1: SHEHEF -1, AUC
= (.821; JRTFF3: =M-K7-3, AUC = 0.807; JRNGAL+JKKIM—1, AUC = 0.918; JRKNGAL+JKTFE3, AUC = 0.933; JKRKIM—1+JK TFF3, AUC =
0.810; FREATE T, AUC = 0.756; JRAHRI %L, AUC = 0.708. ROCHIZE: 2 THREHIFITIZE: NGAL: sk il RitE e Tus a8 1
KIM—1: B F—1; TRF3: =HEF-3; AUC: fi4k NEif.

—BHR. HEATBRA AN, S [T DAAEAI 50 h B 2 R BRI 4R
ARSI A UHT AT RN FHRAR MBI AnfOail, PRI B TR AR IS W 2 fE. A SLI0 i)
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JRIRMEETREA RN, B UUMENEFZEIE IRR AR
Ve NS R W E S ST R R .

ITAER, B B AR EE AL & FFAK TS 1)
Sl SRS W . TS KR TT R TN T R
@ I HT S, KEBFFUESE, JRNGAL. JRKIM-1 /2 JRTFF3
SRR SRR X 4y AL N B ATN S AR
RAKIL, HAPRNGALHF AT i 2 HAESEREE A I AR N H
A R, HISEHS TR, 2 dh. K
FEAIE RIS, IEAh, PSR AR B 2 TR AR 5 Ao DU
X T AL N B ATNSE 502 W KT EE AN B AN B,
BRI, 2, S A br S A BN
JHFAEEAL £ 3 AR ST AN R R A, JE 45 W 1k ' 4
PS5 F B, 3T BRGSO A =T AR
EHE AR,

4 &g

B, Wk AR T AL AK T2 I X 3
JZWT, RNGAL. TFF3. KIM-1J4RARAIBCE T4
AL AP ATNA FLAt SR A AK TG B 2 (I PR AR B, (1
TR DR T LIRS

NERER

[oad HE
TRE=

B i (acute kidney injury, AKI)& JAREEI i
A WL IR RE, T8 BAE T2, IhR BRI
AR B P 2 B /NE R St (acute tubular necrosis,
ATN)YXTVRIT 7 SEII% 8 S 08 Pl s -+ B2, T
F ST S, BRIV ML 4 i B e I A S i o i 8k 2 1
(neutrophil gelatinase-associated lipocalin, NGAL)X -4 ]
ATNA RUFHIEEE, (HHZWIG FHED R &t B 205
HIZIE, bk, =M F-3(trefoil factor 3, TFF3) X 54515
[AF-1(kidney injury molecule-1, KIM-1)/2& I E R AE T
WA FHAKIF B A E R YR EN, X TATNS HAh
R AKIMAELE R LK E, AikGe i — PR
Fo IR AL WbR A B TR BRI G e U AE A 5
AKLEF HXT T ATN S 52 W 34 e,

Eal /A

ARG E 2 I AR TR A B, BSRIYNGAL.
TFF3. KIM-1 R F8A5 8] P P A A a7 10 46 ) T
L& I AKLE# TP ATNAEYIAR EY).

folig =
RIINGAL. KIM-1. TFE3 235485 A e ke 78 JFF
AL A FEAK LR o T ATN S S W iE, AR
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B2 K Aa T IR O TSR by, 08 BE TR,

L HE

EHURAEE HIRT AL H 5 19061, Fh &R AKTEE# 108
1], HRAR AKDIE K] 43 AN )20, 5334510 15 i 1k U5
JiE, 27 B R AR T B 140 8 A 4815 ATN, 481 IfIL AR
NGAL. TFF3. KIM-1 & $&hrEBEA R T ATN) %
HIER.

JENGALRF 4L A AK TS 2 o ATN 48 5012 b
W, 2k #H TAE#Z T fi#H (area under the curve,
AUCQC)/20.902, 2 Wil FE 4271.8 ng/mLI, HUKE N
81.3%, it N85.0%. FRIRZH& I m S iz WiEe
HA JRNGALEL A JRTFF3 2 Wi e J18m(AUC = 0.933,
TBURKE N85.4%, Hi- 5714 h188.3%).

LR

AGRI R IING ALY T 50 L & H AK TR # HHATN
HHABSMAKIWA EEMME, HARFRABCS R a4
EZWTRE 71, NGRS IE R HER i L.

REF=

AGER O A O, BEA R/, HLCL LA i E
B R AKIRIZ Wibn e, 77755 SEBRts LA 17 1Y
HIRE, AAHENIR RIRTE, AR HE DI INFEA R, £+
CoBIFTE, PRICA bR 5 AR AR IAIEE A 72 I AR (1 2
.
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