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Acute kidney injury (AKI) is a common syndrome resulting in kidney damage and malfunction
within a few days or even a few hours. The diagnosis of AKI depends on routine biochemical tests,
including serum creatinine, aspartate aminotransferase (AST), alanine aminotransaminase (ALT),
blood urea nitrogen (BUN), and electrolytes. Plasma neutrophil gelatinase-associated lipocalin
(NGAL) is a biomarker that shows correlation with the severity of acute infections and kidney
injuries. The predictive value in other conventional assays for kidney functions has been reported
to cause distraction for AKI syndrome. The aim of this study is to verify the predictive value of
plasma NGAL in patients with established AKI. The NGAL kit for checkup demonstrates sensitivity
of =300 (92.2%), =200 (95.6%), =100 (99.6%), specificity of =300 (95.1%), =200 (97.3%), =
100 (99.4%), positive predictability of =300 (93.3%), =200 (93.4%), =100 (99.2%), and
negative predictability of =300 (96.7%), =200 (97.7%), =100 (98.1%), respectively. The plasma

NGAL compared with the enzyme-linked immunosorbent assay (ELISA) has been shown to be an Corresponding author: Sangwook Park

early predictive biomarker of AKI. The NGAL kit, recently developed for point-of-care of plasma Department of Biomedical Laboratory Science,
specimens, is thought to be a useful and reliable biomarker for the early diagnosis of decreased College of Health, Kyungwoon University, 730,
kidney functions. Gangdong-ro, Sandong-myeon, Gumi 39160,
Korea
. . . . . . L. Tel: 82-54-479-2582

Keywords: Neutrophil gelatinase-associated lipocalin (NGAL), Acute kidney injury (AKI), Fax:82-54-479-1280

Biomarker, Point of care testing E-mail: spark367@ikw.ac.kr
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License Received: February 6, 2016
(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in Revised 1% February 13, 2016
any medium, provided the original work is properly cited. Revised 2": March 1,2016
Copyright © 2016 The Korean Society for Clinical Laboratory Science. All rights reserved. Revised 3'°: March 1 5,2016

Revised 4™ March 18, 2016
Accepted: March 21, 2016

N2 O uj A o] 214 ok Aeko =M, QAR 5%, oA
2o 30 ~50%004 &3] WAYSHH, TL AFgEC] A HalE 1
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43} AT, e U Q18] 2] AREARE B3]
ol A A3 e,

T4 T &9 27 A2 Biomarker) =4 NGAL
(Neutrophil Gelatinase-Associated Lipocalin), KIM-1 (Kidney
Injury Molecules-1), Interleukin-18, Cystatin C, ZL2]1Z NAG
(N-acetyl-beta-D-glucoseamidase) 5 tho¥ot A&+ F 22}
S0 A7N=aL oot 71 A ofu|7t o} 4] ElsHA W A A=
okolet6]. B4 Al Aol A= E 2 ZU(Troponin)i}t 242 A&
&8 A A7} SAFSFHA Aekat X zof g 7o) QlIATE
28 Aol A= WS X = 0A| 7ol ALESHA ZA E] o] gl

AA APl o] 22 MR A E A QLT o]

gk olf ERO

FAAT} glol Al A-e A= AIE wA47] giZogict. oo
T, Htoll= 716 A A st A A st 22 Hd7]so] 74
e H A Aot BAAR of g 7HA] f A o] B 2| AL 9
oH7. 34 T8 £409] YAEL ool T8 R 1A, 5
T E5AEY, FA S 5% X3t o] & AT AR 1A
o} Z+2 oAk BUN (Blood Urea Nitrogen)/Creatinine H]-&
o] 37}, Algh A wof met thAbg A5(Metabolic acidosis), 112
F5(Hyperpotassemia), A H+3 2] 3} Yl o}2 27|84 55
23 PSS el & g,

NGAL-S €% Creatinine 2t} 34 32 &4 27] Adkst=
A= BAREN AT T8 Alede] Aul oA HE s =
chf el of g 7] Ulo 2 FA FE &4 oA =W, F4
SHA S7Fohe AT AR A ook 34 T8 &4 A
Creatinine®] A5 o] ol KA X &2 0 2 Ab5dl= Aks
HoluR A T8 &S AT 4= 9= 7MY R-83 AR R
HE D Qleh, @A 8 3275 oS 2710 Adstal ¥
T o]A Tt of| & kel AR L8 EI g0, FA4 T
T &4 Aoy A&77hs AT 4= U9l wHbA
NGAL HAF|EQ] AR 1A A 0 & SHHAE k= 83 9=
Zlo A AAR] AHH A5E A5 47 QL oA 9 -5

3 NGAL A= NGALS] 525 4143
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ARFH T ZHG 4= 7] whitel 948 2 Aeke] Briet A
=0 $& =7HE 4= ATH1LL

B 917= 20139 01€0llA] 20134 129 Afolof ti2] % <]
SHEAEE W 32 Ao TS A= NGAL kit
A}E ELISA (Enzyme-linked immunosorbent assay) AAFR Z4
¢ ATHS vl asto] NGAL kitZh 4 3-8 Ak ghato] A8 el
AAEA Q] 74 Loka-o 24, Tx}e] 27|t X gof =

22 704} B AT LAt

e X g

=~

1. &1 Ot
20139 01456 20139 12€7H4] =g A] 24 CHY &
TATE S Ul Hste] A 55 72 204 o/4fe] Stz Aol &

X 5 0] A NGAL 1Ak 24 X)7h 391 8473 ] o)
p=| 1

i

= tjipo 2 B9tk NGAL kite] 984 772 9ja) S5re)
SAIEE Y8 84 5 4275007 NGALAAIE 4148 3 ELISA
= Zag3t Ao} wwEA 9. ATE A7) Aol A1
1 43} ol ol P AF FOIA] A2 A Bl T
Q152 ALAJSIT, Q171 o] A Aokl ciiet 2]
A 208 T8, el A1 A 2 AR ekrond,
Ze}o] AL Mo 2 Gz ofwfdk AT AAIBH) Qpoke

AFA1= Collaborative Institutional Training Initiative (CITI)
Program Biomedical Research & 4 5(K-2016-18485898)
st o, A B wgA AR oA Ag-gay T 28}l
WEIPE $R(15-A-00004844)5H3A .

2. AAYH

NGAL®] A=FHAR= NGAL kit (Alere Inc., San Diego, CA,
USAYE AHgsl9om, EDTA & 511 HEE o]88te] Triage
Meter | &334 7| (Biosite Inc., San Diego, CA, USA)& 59
NGAL®] 555 574 skoich. AP Al (device)= B U4t
7} A3 NGAL So| U S23A1E 3ok Td o] Eetiy

AZEA= 60~1300 ng/mLe. =, FA
AR Ee AI7F 9F 1550 F Triage Meter 238 of 4 gko] Lt
ERdt},

ELISAS ©]-8-¢F NGALS| 742 3,500 rpmo-& 107+ 44
Ealoto] A2 T 0 2 Versa Max ELISA reader (R&D systems
Inc., Minneapolis, MN, USA)& 274 3}tk AARIHLS 44
AE 6082 ZoF AFLof| A ¥lX| et 3 1X working buffer= 3|43}

31 enzyme conjugates H7Fsto] HAE 308 F<t Aol A v



A8kt ThA] working buffer2 348kl TMB (Tetramethy-
Ibenzidine) 7] A& % 7}5}o] working substrate solution< Bt
STk 204 S} AR -, A H(Stop solution)& ol RH-&
AN T, 450 nmoll A 85 578 3Hl T NGAL kit Ak
ZA3te} ELISA HAFATHE Hlwsto] W17, B0l oS,

227 SAeI S T

3. SAEN

Az o] B2 9108 SPSS version 18.0 (SPSS Institute,
Chicago, IL, USA)E o]-8-3fo] B4 83t Mt rtestE A3
SFAL, Adbg Btk REAAE FASICE HEY AR
| ol x*S ARESFA T, 7] ghol 2 7ol = Fisher?] ]
A BEAMEE o] 83 ATh BE A BAL et fol5E(p)

2 p<0.05% AAs}Act
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1. 17 CRARIO) S 2 ASBTS S

F 847 9] AR} F FA7F 5018(59.5%)01 %131, =7}
347(40.5%)°1QL, A= 60A] mlTte] 217(25.0%)0] 9.2
™, 60A| o]4Fo] 637(75.0%)°] 2K Table 1).

Autd o2 AP S 75 At GAIAblAl AST

(Aspartate aminotransferase) 112.3+35.6 U/L, ALT (Alanine

Table 1. General characteristics in patient

Variable N %
Gender Male 50 59.5
Female 34 40.5

Total 84 100
Age <60 21 25.0
=60 63 75.0

Table 2. Clinical blood test indicators

Variable Mean SD
AST (U/D) 112.3 35.6
ALT (U/D) 95.7 29.5
BUN (mg/dL) 84.6 35.6
Creatinine (mg/dL) 5.3 2.4
Na (mEg/L) 138.2 3.2
K (mEg/L) 4.2 1.2
Cl (mEqg/L) 98.5 3.9
NGAL (ng/mL) 625.3 125.8

Abbreviation: SD, standard deviation; AST, aspartate aminotrans—
ferase; ALT, alanine aminotransaminase; BUN, blood urea
nitrogen; NGAL, neutrophil gelatinase-associated lipocalin.
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aminotransferase) 95.7 +29.5 U/L, BUN (Blood Urea Nitrogen)
84.6+35.6 mg/dL, Creatinine 5.3%2.4 mg/dL, Sodium
138.24+3.2 mEqg/L, Potassium 4.2+1.2 mEq/L, Chlorine
98.5+3.9 mEq/L, NGAL 625.3 +125.8 ng/mLe] %I tHTable 2).

2. HHZAIRL NGALTO| At

o 7% Aok G R G AR} NGALTFS] AFhatA o] A NGAL
o] Z7}842, Creatinineo] 42814 571381AH p-value=0.018).
ASTRFALTS] AHHAIG= 212 —0.168, —0.1712 SAH o2 &
9J81A] ¢¥kal, BUN, Sodium, Potassium, Chlorine %3+ 574

o §ol8A] tTHTable 3),

I oo

3. NGAL kit ELISA RIZE E0|=

SO BAIE S U3t 3110 NAGL kite} ELISAS] W ==
=300 (92.2%), =200 (95.6%), =100 (99.6%), Eo|=+ =300
(95.1%), =200 (97.3%), =100 (99.4%) 2.2 ZAFE| 1o, o9
g FhdEEE =300 (93.3%), =200 (93.4%), =100
(99.2%), &73e& 5= =300 (96.7%), =200 (97.7%), =100
(98.1%) ©] %t Table 4).
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Table 3. Correlation coefficients between blood tests and NGAL

Variable NGAL pvalue
AST (U/D) —0.168 0.325
ALT (U/D) —0.171 0.315
BUN (mg/dL) 0.215 0.065
Creatinine (mg/dL) 0.385 0.018
Na (mEqg/L) 0.154 0.425
K (mEq/L) 0.133 0.412
Cl (mEqg/L) 0.124 0.398

Table 4. Characteristics of NGAL and ELISA at various cut-off
values

Cut-off point (ng/mL)

Variable
=300 =200 =100
Sensitivity (%) 92.2 95.6 99.6
Specificity (%) 95.1 97.3 99.4
Positive predictive value (%) 93.3 93.4 99.2
Negative predictive value (%)  96.7 97.7 98.1

Abbreviation: ELISA, enzyme-linked immunosorbent assay.
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AT Aol Qlom W A-Lo|A] X Creatinine AREA|

ol ¥}-go] T3] 7haH o|Fof H3lE Ko, Gt o 35 7
olaL 2710 oA A 55 Alohs AR E FA et 9
o] ZJufHolc}H12].

AgHoR FA4 T FAS I T £ 9de X
Creatinine?] A5olut £HFF] 114 5-2 g &4fo] g H o]

o] hebe [13], 417 o] 4] & Arigke] fgo] HHs] 7hadk
745, B4 ARSI 7 Aol A 0 & sty i= u
o9 27| FE HE delF= oSt
%] o] Lrth14]. A4 o1 7-8(Glomerular filtration rate, GFR)-
TEO| YA SR EE S S| AAL 5 Q= ERS
2 goluy, 38715 B7H S8t FAAE o&ErH15].
Aol TRe 24 0] F2HHS Inulin, Iohexol, *'Cr-EDTA,
99mTC-labeled diethylenetriamine pentaacetic acid (DTPA),
"PI-labeled iothalamate % 915 A A] A7 &8 24 3H= 4
olc}. SHAIRE, 2hAte]l Al A FAE 23] = sfioF shar Algto]
o] A2 48 HARE= Al8sl7] o]F7] wiioll Creatinine, BUN,
2-microglobulin & ©1-§-3t] AR THe-& Sk
o] ARg-E] 11 gl o, 13 ¥H Creatinineo] YAHA 0 & 714k
o] AR&-E|L SITH16).
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Ao A= A S S FATE of| st 34 8 &4
SAFe] ARHA QI 43S 2Pl AN Aketo] AtA|
Aottt S 7% Aokeha] FAH ALl NGALTHE] A
A NGALe| 57}8=% Creatinine©] 2I3HA 57Fst3itt. 14|
9k AST, ALT, BUN, Sodium, Potassium “12] 27, Chlorine2] A%
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NAGL kit2} ELISAS] W7 == =300 (92.2%), =200 (95.6%),
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Q oF
B4 A A% TR E 2 U (troponin) T 7 % Y5314 327
ZHbiomarker)7} 574PH Al X3t X gof B2 7iAlo] 21t

T8 Aol A= w2 A 5oFA] 7ol JFT&W Al ol
Eolal AA| AFEClY o)3HE R JHAEA] okt 34
TE & RS gt o g SFoRAlE oA Z43NGALS] &
AX=NGALe| Z7V84-E Creatinine©] -2J8HA 271 slict.
11}, AST, ALT, BUN, Na, K, Cl o] A Al = 5A 208 &
oJ3}#] okekth, NAGL kit®} FLISAS] 1755 =300 (92.2%), =

200 (95.6%), =100 (99.6%), E°l%= =300 (95.1%), =200
(97.3%), =100 (99.4%)5 ZAFE|Glom oS Es =300
(93.3%), =200 (93.4%), =100 (99.2%), SAdZ%= =300
(96.7%), =200 (97.7%), =100 (98.1%)= A= Qlom, F4d &
T O A EE Bl AAEA 27] A Yl o FE o 55
of QlofA gkate] X 5.0 Aol f-851A o8- 2 4= Utk F £ &

FORANA T2 I 0] S5 BRI AR P S

=YY=
A3, oS5 A&3h=t lolA NGAL kit HAPF o] 2
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