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 1 

AKI 	 2 

AKI 3 

TIMP-2 ICU AKI 4 

5 

NGAL ICU AKI 6 

7 

AKI 8 

	 IGFBP1 9 

	  10 

11 
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 1 

AKI Acute Kidney Injury  2 
TIMP-2 tissue inhibitor of metalloproteinases-2 3 
ICU Intensive Care Unit 4 
NGAL neutrophil gelatinase- associated lipocalin 5 
IGFBP insulin-like growth factor-binding protein 6 

ARF Acute Renal Failure  7 
ADOQI Acute Dialysis Quality Initiative 8 
KDIGO Kidney Disease: Improving Global Outcomes 9 

CKD Chronic Kidney Disease  10 
L-FABP liver-type fatty acid-binding protein 11 
KIM-1 kidney injury molecule-1 12 
IL interleukin 13 
HIF hypoxia-inducible factor 14 

EPO  15 
NAG N-acetyl- - D- glucosaminidase 16 
CCU coronary care unit 17 
APACHE Acute Physiology and Chronic Health Evaluation 18 
GFR glomerular filtration rate 19 
ACCP American College of Chest Physicians 20 
SCCM Society of Critical Care Medicine Consensus 21 
ELISA enzyme-linked immunosorbent assay 22 

4-HP-NAG 4- -2- 2- -2- 23 
-1- - -D-  24 

EDTA ethylenediaminetetraacetic acid 25 
ROC receiver operating characteristic 26 
NRI net reclassification improvement 27 
IDI integrated discrimination improvement 28 
PaO2 partial pressure of oxygen 29 
AUC-ROC area under the ROC curve 30 
CI confidence interval, 31 
MAKE major adverse kidney events 32 



 5 

FiO2 fraction of inspiratory oxygen 1 
MMP matrix metalloproteinase 2 
FDA U.S. Food and Drug Administration 3 

4 
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 1 

 2 

Acute Renal Failure ARF 3 

[1] 4 

2.0 2.5 5 

mg/dL 	 35 6 

[2] 7 

	 8 

9 

Acute Dialysis Quality 10 

Initiative (ADQI) RIFLE 2004 11 

[3] 	 0.3~0.5 mg/dL 12 

30 13 

[4] 14 

Acute Kidney Injury 15 

AKI [5] 2012 KDIGO (Kidney Disease: Improving 16 

Global Outcomes) 	KDIGO 17 



 7 

AKI Table 1 [2]  1 

 2 

Table 1. KDIGO AKI  3 

 Cre  

Stage1 0.3mg/dl 1.5

 

0.5ml/kg/h 6  

Stage2 2  0.5ml/kg/h 12  

Stage3 3      

4mg/dl

 

0.3ml/kg/h 24                  

12  

 4 

AKI  5 

AKI 6 

7 

AKI 20 intensive care unit (ICU) 8 

50 [6, 7] 9 

Stage3 50 [8] 10 
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AKI 1 

Chronic Kidney Disease, CKD 2 

[9] 3 

4 

AKI 5 

[10]  6 

 7 

AKI  8 

AKI 9 

10 

	AKI 11 

	 12 

13 

AKI 14 

heterogeneity 15 

16 

AKI 	 17 
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1 

neutrophil 2 

gelatinase-associated lipocalin (NGAL) L-type fatty acid-binding protein (L-FABP) 3 

kidney injury molecule-1 (KIM-1) interleukin-18 (IL-18) C ICU 4 

AKI 5 

[11-14] 6 

[15] 	NGAL 7 

C AKI 8 

	KIM-1 IL-18 9 

24  10 

 11 

AKI TIMP-2 12 

2013 Kashani 340 AKI n=522 13 

tissue inhibitor of metalloproteinases-2 (TIMP-2) 14 

insulin-like growth factor-binding protein 7 (IGFBP7) 15 

ICU 36 16 

AKI [16] 17 
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Kashani n=728 ICU 1 

TIMP-2 IGFBP7 / NGAL C KIM-1 2 

IL-18 L-FABP 3 

12 AKI 4 

TIMP-2 IGFBP7 AKI 5 

30 6 

TIMP-2 7 

	 	AKI 8 

[17] 2 9 

G1 10 

	 TIMP-2 11 

 12 

 13 

AKI  14 

AKI ICU AKI 15 

16 

2/3 [18] AKI 17 



 11 

AKI 1 

2 

3 

	 HIF hypoxia-inducible factor 4 

5 

[19] 	 AKI 6 

EPO 	 7 

	 8 

EPO 	 9 

AKI 10 

[20-22] 	 11 

AKI [23] AKI 12 

	AKI 13 

14 

	  15 

IGFBP1(insulin-like growth factor-binding protein 1) 16 

ICU 17 
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[24] HIF 1 

IL-1 IL-6 [25, 26] 2 

	 HIF 3 

	 4 

	 5 

 6 

 7 

8 
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 1 

AKI ICU 2 

TIMP-2 3 

4 

5 

NGAL interleukin-6 (IL-6) 6 

7 

N-acetyl- - D- glucosaminidase (NAG) 8 

ICU AKI 50 [27] 9 

10 

 11 

AKI 12 

NGAL TIMP-2 NAG 13 

AKI 14 

	 ICU AKI 15 

	 16 

 17 
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	 1 

ICU 2 

	IGFBP1 3 

 4 

5 
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 1 

 2 

ICU  3 

2011 7 11 ICU 100 4 

5 

1 98  6 

 7 

2013 10 2015 3 ICU 8 

125 27 9 

98  10 

 11 

 12 

13 

APACHE 14 

Acute Physiology and Chronic Health Evaluation II Supplementary Table 1 15 

[28] AKI ICU 16 

KDIGO [2] 17 
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Supplementary Table 1. APACHE II  1 

† 
 

+4 +3 +2 +1 0 +1 +2 +3 +4 

1 ℃  ≥ 41° 39–40.9° — 38.5–38.9° 36–38.4° 34–35.9° 32–33.9° 30–31.9° ≤29.9° 

2 mmHg  ≥160 130–159 110–129 — 70–109 — 50–69 — ≤ 49 

3  ≥180 140–179 110–139 — 70–109 — 55–69 40–54 ≤ 39 

4  ≥ 50 35–49 — 25–34 12–24 10–11 6–9 — ≤ 5 

5           

a) FiO2 ≥ 0.5 A-aDO2 ≥ 500 350–499 200–349 — < 200 — — — — 

b) FiO2 < 0.5 PaO2 mmHg   — — — — > 70 61–70 — 55–60 < 55 

6 pH ≥ 7.7 7.6–7.69 — 7.5–7.59 7.33–7.49 — 7.25–7.32 7.15–7.24 < 7.15 

7 Na mMol/L  ≥ 180 160–179 155–159 150–154 130–149 — 120–129 111–119 ≤ 110 

8 K mMol/L  ≥ 7 6–6.9 — 5.5–5.9 3.5–5.4 3–3.4 2.5–2.9 — < 2.5 

9 mg/dL   ≥ 3.5 2–3.4 1.5–1.9 — 0.6–1.4 — < 0.6 — — 

10 Hct  ≥ 60 — 50–59.9 46–49.9 30–45.9 — 20–29.9 — < 20 

11 WBC  ≥ 40000 — 20000–39900 15000–19900 3000–14900 — 1000–2900 — < 1000 

12 GCS   15 GCS  

13 HCO3  mMol/L  ≥ 52 41–51.9 — 32–40.9 22–31.9 — 18–21.9 15–17.9 < 15 

1-12 ICU 24 	  

pH HCO3          
9 2         

          
 44   0 45-54  2  55-64  3  65-74  5 75  6  

  2 5  
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3 48 0.3 1 

mg/dL ] 2 

50 AKI 3 

ICU 4 

5 

] ICU 6 6 

KDIGO 3 estimated 7 

glomerular filtration rate, eGFR  75 ml/min/1.73m2 8 

[29] 3 9 

3] AKI KDIGO 10 

Stage2 Stage3 ] Table 1 11 

ICU AKI ] ICU 7 AKI 12 

] late-onset AKI ICU 13 

ICU ] 14 

progression of AKI ACCP (American College of Chest 15 

Physicians) / SCCM (Society of Critical Care Medicine Consensus) 16 

3 [30]   17 
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 1 

ICU ICU 2 

3 

-80 TIMP-2 4 

NAG NGAL ICU EPO 5 

IL-6 IGFBP1 TIMP-2 IL-6 ELISA 6 

enzyme-linked immunosorbent assay R&D , 7 

; , 3 8 

NAG 4-HP-NAG 4- -2- 2- -2- 9 

-1- - -D- L  NAG; 10 

3 11 

NGAL Triage NGAL 12 

3 [31] EPO 13 

IGFBP1 human hypoxia multiplex kit 14 

± MSD2400 15 

± 3 16 

  17 
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 1 

3] 2 

Wilcoxon ] 3 

Kruskal–Wallis 3 Kruskal–Wallis 4 

Steel– Dwass 3 post hoc 5 

Pearson  2 ] Fisher 3 6 

receiver operating characteristic ROC 7 

ROC ] DeLong 8 

3 [32, 33] 9 

AKI continuous 10 

net reclassification improvement (NRI) index integrated discrimination improvement 11 

(IDI) index [34, 35] 12 

3 13 

14 

15 

] ] NRI index continuous NRI index 16 

] 17 
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] IDI index 1 

2 

3 

] 4 

] 5 

3 6 

JMP Pro 11.0.0 SAS Institute 7 

 R 3.1.1 (R Foundation for Statistical Computing 8 

) p 0.05  9 

 10 

 11 

12 

2810 63 ] 13 

 14 

15 
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 1 

ICU  2 

ICU Table 2 AKI 3 

42 42.9 27 KDIGO stage2] 3 4 

AKI AKI AKI 5 

41 41.8 6 

6 AKI 3 7 

APACHE II AKI 6 8 

15.3 AKI  9 

42 AKI 9 21.4 ICU AKI 10 

3] ICU AKI 11 

late-onset AKI 16 ICU 7 AKI 12 

progression of AKI  13 
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Table 2. ICU  1 

 AKI (n=56) AKI (n=42) p  

( ) 63 (43–76) 69 (60–76)  .046 

, n (%) 37 (66.1%) 34 (81.0%)  .116 

 n (%) 6 (10.7%) 15 (35.7%)  .005 

, n (%) 20 (35.7%) 20 (47.6%)  .300 

, n (%)    .027 

 12 (21.4%) 2 (4.8%)   

 9 (16.1%) 4 (9.5%)   

  35 (62.5%) 36 (85.7%)   

, n (%) 15 (26.8%) 26 (61.9%) < .001 

, n (%)    

 0 (0%) 0 (0%) 1.000 

 3 (5.4%) 1 (2.4%)  .633 

 0 (0%) 7 (16.7%)  .002 

 4 (7.1%) 3 (7.1%) 1.000 

 8 (14.3%) 1 (2.4%)  .074 

SIRS  2 (2–3) 3 (3–4)  .004 

Cre (mg/dL) 0.65 (0.46–0.79) 0.68 (0.49–0.95)  .213 

eGFR (ml/min/1.73 m2) 95.9 (79.4–125.7) 79.4 (63.0–131.6)  .101 

ICU Cre (mg/dl) 0.70 (0.52–0.89) 1.46 (0.99–2.87) < .001 

±  (g/dL) 11.5 ± 2.6 10.7 ± 2.6  .091 

 (ng/mL) 139 (45–295) 513 (165–1937) < .001 

 (mmol/L) 2.4 (1.5–4.3) 3.3 (2.3–6.00)  .012 

PaO2 (mmHg) 128 (88–174) 101 (83–150)  .074 

APACHE II  14.5 ± 8.1 27.0 ± 8.5 < .001 

, n (%) 4 (7.1%) 11 (26.2%)  .012 

ICU  ( ) 5 (3–8) 9 (5–17)  .001 
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AKI  1 

Table 3 AKI 63 2 

NGAL NAG AKI 3 

Figure 1 [36] AKI 3 ROC 4 

Table 4 NGAL NAG 5 

ROC area under the ROC curve, AUC-ROC 6 

AKI ] 3 NGAL 7 

NAG 3 ROC  8 

 9 

Table 3. ICU 6 ICU  10 

 AKI (n=56) AKI (n=42) p  

NGAL (ng/mL) 80 (60–142) 322 (157–540) < .0001 

IL-6 (pg/mL) 45.1 (22.9–226.3) 322.4 (70.3–5150.6)  .0002 

EPO (mIU/mL) 16.1 (9.9–28.5) 27.8 (10.8–106.0)  .012 

TIMP-2 (ng/mL) 2.08 (0.72–4.59) 10.85 (2.23–34.60) < .0001 

NAG (U/L) 5.9 (3.1–15.0) 31.8 (14.1–71.4) < .0001 

 11 
  12 
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Figure 1. AKI  1 

 2 

non-AKI [n = 56], stage 1 [n = 15], stage 2 [n = 7], stage 3 [n = 20]). *p < .05 3 

4 
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Table 4. AKI ROC 95  1 

 AKI AKI AKI AKI 

NGAL 0.84 (0.74–0.91)* 0.87 (0.76–0.93)* 0.94 (0.88–0.97)§ 0.92 (0.84–0.96)† 

IL-6 0.72 (0.61–0.81) 0.70 (0.57–0.80) 0.88 (0.79–0.93)† 0.84 (0.74–0.91) 

EPO 0.63 (0.51–0.74) 0.71 (0.57–0.82) 0.65 (0.52–0.77) 0.78 (0.66–0.87) 

TIMP-2 0.75 (0.63–0.84) 0.81 (0.66–0.90) 0.78 (0.65–0.88) 0.84 (0.68–0.92) 

NAG 0.84 (0.73–0.90)# 0.88 (0.78–0.94)* 0.84 (0.72–0.91)† 0.90 (0.81–0.95)† 

95  2 
* p < .05 vs. IL-6 and EPO, # p < .05 vs. EPO and TIMP-2, § p < .05 vs. EPO, TIMP-2 3 

and NAG,  p < .05 vs. EPO 4 

 5 

6 
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Late-onset AKI NGAL 1 

progression of AKI EPO 2 

Table 5, 6  3 

Table 7  4 

 5 

Table 5. Late-onset AKI progression of AKI  6 

 AKI 

(n=56) 

Established AKI 

(n=33) 

Late-onset AKI 

(n=9) 

Progression of AKI 

(n=16) 

NGAL (ng/mL) 80 (60–142) 400 (227–622)a 196 (101–390)a 261 (124–469)a 

IL-6 (pg/mL) 45.1 (22.9–226.3) 500.6 (62.5–5209.6)a 294.4 (68.9–10348.2)a 318.5 (120.1–14371.8)a 

EPO (mIU/mL) 16.1 (9.9–28.5) 28.7 (11.4–109.4)a 26.9 (5.85–97.9) 33.1 (7.9–83.1) 

TIMP-2 (ng/mL) 2.08 (0.72–4.59) 12.64 (2.45–35.83)a 3.94 (1.75–28.75) 8.92 (2.37–47.41)a 

NAG (U/L) 5.9 (3.1–15.0) 36.1 (15.7–76.1)a 26.4 (6.0–44.4)a 33.9 (9.7–97.7)a 

a p < .05 vs. AKI 7 

8 
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Table 6. Late-onset AKI progression of AKI ROC  1 

 
Established AKI 

 (n=33) 

Late-onset AKI 

(n=9) 

Progression of AKI 

(n=16) 

NGAL 0.84 (0.72–0.91)a 0.77 (0.55–0.90) 0.76 (0.60–0.87) 

IL-6 0.70 (0.57–0.80) 0.72 (0.49–0.87) 0.74 (0.59–0.85) 

EPO 0.65 (0.53–0.76) 0.54 (0.27–0.79) 0.58 (0.39–0.75) 

TIMP-2 0.75 (0.62–0.85) 0.66 (0.44–0.83) 0.73 (0.55–0.85) 

NAG 0.83 (0.72–0.90)a 0.75 (0.48–0.91) 0.77 (0.58–0.89)b 

95  2 
a p < .05 vs. IL-6 and EPO, b p < .05 vs. EPO 3 

 4 

Table 7.  5 

 
AKI AKI 

AKI AKI 

Late-onset 

AKI 

Progression 

of AKI 

NGAL       

IL-6       

EPO     × × 

TIMP-2     ×  

NAG       

 6 

7 
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AKI 1 

] AKI 2 

Figure 2 	 3 

NGAL IL-6 AKI 4 

TIMP-2 NAG 5 

EPO AKI 3 6 

AKI AKI NGAL ROC 7 

0.94 95% confidence interval, 0.88–0.97 0.92 95  CI, 0.84–0.96 8 

Table 4  9 

10 
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Figure 2. AKI  1 

 2 

Nonseptic non-severe AKI (n = 49), septic non-severe AKI (n = 22), nonseptic severe 3 
AKI (n = 8), and septic severe AKI (n = 19). *p < .05. 4 
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ICU  1 

Table 8 2 

NGAL TIMP-2 NAG 63 3 

IL-6 EPO 4 

ROC 7 3 63 ] 5 

TIMP-2  ROC ] Table 9 6 

63 TIMP-2 7 

ROC  8 

9 
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Table 8.  1 

  

(n=83) 

 

(n=15) 

p  

NGAL (ng/mL) 111 (60–282) 269 (91–583) .03 

IL-6 (pg/mL) 78.2 (25.1–545.5) 342.7 (48.3–924.0) .06 

EPO (mIU/mL) 17.1 (9.8–36.9) 33.6 (10.4–88.7) .21 

Cre (mg/dL) 0.83 (0.61–1.41) 1.04 (0.75–2.42) .19 

TIMP-2 (ng/mL) 2.8 (0.9–6.9) 11.4 (3.8–65.7) .004 

NAG (U/L) 11.9 (3.5–24.9) 33.0 (13.4–51.1) .01 

 2 

Table 9. 7 ROC  3 

 7   

NGAL 0.79 (0.67–0.88) 0.68 (0.53–0.80) 

IL-6 0.82 (0.57–0.94) 0.66 (0.50–0.79) 

EPO 0.63 (0.38– 0.90) 0.60 (0.44–0.75) 

Cre 0.67 (0.53–0.78) 0.61 (0.45–0.74) 

TIMP-2 0.83 (0.59–0.94)* 0.74 (0.60–0.85)* 

NAG 0.80 (0.58–0.92)* 0.70 (0.54–0.82) 

95  4 
* p < .05 vs. Cre 5 

6 
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 1 

AKI 2 

ROC continuous NRI 3 

index IDI index AKI 4 

Table 2 5 

6 

7 

ROC 8 

3 63 ] Table 10 9 

continuous NRI index IDI index TIMP-2 NAG 10 

AKI Table 11 11 

TIMP-2 continuous NRI index 12 

 13 

14 
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Table 10. ROC  1 

 AKI  

 0.87 (0.76–0.94) 0.72 (0.57–0.83) 

 + NGAL 0.89 (0.77–0.95) 0.72 (0.58–0.83) 

 + IL-6 0.88 (0.76–0.94) 0.72 (0.58–0.83) 

 + EPO 0.88 (0.75–0.94) 0.72 (0.57–0.83) 

 + TIMP-2 0.89 (0.76–0.95) 0.76 (0.64–0.86) 

 + NAG 0.93 (0.82–0.97) 0.74 (0.61–0.84) 

95  2 

3 
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Table 11. NRI IDI  1 

 AKI  

 Continuous NRI IDI Continuous NRI IDI 

     

 + NGAL 25 (-19 to 69) 0.03 (-0.00 to 0.07) 24 (-31 to 79) 0.00 (-0.01 to 0.01) 

 + IL-6 -8 (-51 to 35) 0.00 (-0.00 to 0.01) 10 (-44 to 64) 0.01 (-0.02 to 0.04) 

 + EPO 34 (-10 to 78) 0.01 (-0.01 to 0.03) -13 (-68 to 42) 0.00 (-0.00 to 0.01) 

 + TIMP-2 41 (1 to 82)* 0.04 (0.00 to 0.08)* 64 (17 to 109)* 0.03 (-0.01 to 0.06) 

 + NAG 79 (38 to 119)* 0.13 (0.05 to 0.21)* 24 (-30 to 78) 0.01 (-0.01 to 0.03) 

95  2 
* p < .05 vs.  3 

 4 

 5 

6 
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 1 

3 2 

2 χ 3 

4 

ROC 5 

Table 12 6 

continuous NRI index IDI index 7 

3 TIMP-2 NAG EPO 8 

6 AKI Table 9 

13  10 

11 
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Table 12. ROC  1 

 
 (n=41)  

AKI (n=19) 

 (n=57)  

AKI (n=8) 

 0.91 (0.76 to 0.97) 0.85 (0.65 to 0.95) 

 + NGAL 0.91 (0.77 to 0.97) 0.83 (0.60 to 0.94) 

 + IL-6 0.91 (0.75 to 0.97) 0.86 (0.69 to 0.95) 

 + EPO 0.96 (0.86 to 0.99) 0.86 (0.66 to 0.95) 

 + TIMP-2 0.96 (0.86 to 0.99) 0.86 (0.70 to 0.95) 

 + NAG 0.99 (0.92 to 1.00) 0.88 (0.68 to 0.96) 

95  2 

3 
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Table 13. NRI, IDI 1 

 
 (n=41)  

AKI (n=19) 

 (n=57)  

AKI (n=8) 

 Continuous NRI IDI Continuous NRI IDI 

     

 + NGAL -9 (-68 to 51) 0.00 (-0.02 to 0.03) 56 (-17 to 128) 0.07 (-0.00 to 0.15) 

 + IL-6 23 (-37 to 84) 0.01 (-0.02 to 0.03) 93 (40 to 147)a 0.05 (-0.07 to 0.16) 

 + EPO 75 (18 to 131)a 0.12 (0.02 to 0.21)a 10 (-64 to 85) 0.00 (-0.03 to 0.04) 

 + TIMP-2 103 (51 to 156)a 0.11 (0.00 to 0.21)a -10 (-85 to 64) 0.00 (-0.04 to 0.05) 

 + NAG 179 (151 to 207)a 0.30 (0.15 to 0.46)a 14 (-60 to 89) 0.06 (-0.04 to 0.16) 

95  2 
a p < .05 vs.  3 

4 
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ICU 63  1 

AKI TIMP-2 AKI NGAL 2 

NAG  3 

ICU TIMP-2 4 

 5 

NGAL IL-6 6 

TIMP-2 NAG 3  7 

3 TIMP-2 NAG 8 

EPO 6 AKI 9 

 10 

11 
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 1 

 Table 14 2 

44 44.9 8 3 

14.8 6 13.0 4 

50 5 

50 6 

major adverse kidney events, MAKE 3 ] χ  7 

 8 

9 
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Table 14.  1 

   

(n=98) 

 

 (n=54) 

  

(n=44) 
p  

 ( ) 70 (55 – 78) 65 (53 – 73) 75 (64 – 78)  .01 

, n (%) 76 (78%) 43 (80%) 33 (75%)  .63 

 n (%) 37 (38%) 22 (41%) 15 (34%)  .54 

, n (%) 60 (61%) 33 (61%) 27 (61%) 1.00 

, n (%)     .03 

 19 (19%) 15 (28%) 4 (9.0%)  

 7 (7.1%) 2 (3.7%) 5 (11%)  

  72 (73%) 37 (69%) 35 (80%)  

, n (%) 37 (38%) 16 (30%) 21 (48%)  .09 

, n (%)     

 16 (36%) 9 (17%) 7 (16%) 1.00 

 5 (5.1%) 1 (1.9%) 4 (9.1%)  .17 

 3 (3.1%) 1 (1.9%) 2 (4.5%)  .59 

 0 (0%) 0 (0%) 0 (0%) 1.00 

 1 (1.0%) 1 (1.9%) 0 (0%) 1.00 

SIRS  2 (1–3) 2 (1–3) 2 (2–4)  .02 

Cre (mg/dL) 0.96 (0.76–1.66) 1.08 (0.78–2.01) 0.85 (0.68–1.44)  .04 

eGFR (ml/min/1.73 m2) 59 (35–75) 56 (23–75) 67 (37–75)  .12 

ICU Cre (mg/dl) 2.11 (1.27–3.34) 2.28 (1.31–497) 2.01 (1.20–2.95)  .18 

CRRT Cre (mg/dl) 3.01 (2.12–3.95) 3.13 (2.14–5.04) 2.80 (1.99–3.60)  .12 

 (mmol/L) 1.8 (1.1–5.2) 1.3 (0.8–2.1) 4.3 (1.7–9.7) < .001 

APACHE II  26 (19–32) 22 (18–27) 31 (25–44) < .001 

ICU  ( ) 9 (4–18) 9 (5–16) 10 (3–26)  .71 

, n (%) 8 (15 ) 8 (15 )   

eGFR 50% , n (%) 6 (13 ) 6 (13 )   

2 
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6  1 

NGAL TIMP-2 NAG 2 

ICU Table 15 3 

6 4 

Table 16 TIMP-2 < 3 ng/ml 5 

2 TIMP-2  3 ng/ml 6 

28 90 Fisher 7 

p=0.032 p=0.045 χ 63 8 

TIMP-2 < 3 ng/ml 28 3 90 3 9 

 10 

11 
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Table 15. 6  1 

 ICU  

(n=98) 

CRRT   

(n=98) 

p  

NGAL (ng/mL) 134 (60–292) 460 (204–770) < .0001 

TIMP-2 (ng/mL) 3.5 (1.0–11.3) 13.2 (5.7–30.4) < .0001 

NAG (U/L) 13.2 (4.1–31.3) 28.7 (14.7–61.1) < .0001 

 2 

Table 16. 6  3 

  

 (n=54) 

  

(n=44) 

p  

NGAL (ng/mL) 373 (204–590) 612 (215–540)  .10 

TIMP-2 (ng/mL) 11.9 (5.2–27.6) 13.9 (8.2–37.0)  .27 

NAG (U/L) 25.8 (14.1–80.0) 32.8 (14.8–55.1)  .71 

 4 

5 
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6  1 

3 2 

MAKE 3 χ ROC 3 

NGAL 4 

MAKE3 ] Table 17  5 

 6 

Table 17. ROC  7 

   +  MAKE 

NGAL 0.60 (0.48–0.71) 0.65 (0.54–0.76) 0.72 (0.60–0.81)* 

TIMP-2 0.57 (0.45–0.68) 0.57 (0.45–0.69) 0.58 (0.46–0.70) 

NAG 0.52 (0.40–0.64) 0.51 (0.39–0.62) 0.52 (0.40–0.64) 

95  8 
* p < .05 vs. TIMP-2 and NAG 9 

10 
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ICU 6  1 

ICU 6 ± 2 

r2 = 0.13, p < .001 AKI AKI 3 

± 3] Table 2 4 

AKI AKI 5 

Table 18 AKI AKI 6 

± 7 

r2 = 0.21, p < .001 AKI Figure 3 [37]  8 

 9 

Table 18. AKI IGFBP1  10 

 AKI 

(n=56) 

AKI 

(n=42) 

p  

EPO (mIU/mL) 16.1 (9.9–28.5) 27.8 (10.8–106.0)  .012 

IGFBP-1 (pg/mL) 19208 (8820–50780) 63199 (25289–147489) < .001 

NGAL (ng/mL) 80 (60–142) 322 (157–540) < .001 

IL-6 (pg/mL) 45.1 (22.9–226.3) 322.4 (70.3–5150.6) < .001 

NAG (U/L) 5.9 (3.1–15.0) 32.2 (14.1–71.4) < .001 

11 
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Figure 3. AKI ±  1 

 2 

3 
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Table 19 1 

AKI ± 24 ] partial pressure of oxygen  2 

(PaO2) / fraction of inspiratory oxygen (FiO2) 3 PaO2 NGAL 3 

6 AKI IGFBP1 NAG 4 

3 5 

AKI ± PaO2 6 

IL-6 3 7 

63 ]  8 

9 
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Table 19.  1 

 
AKI AKI 

 p   p  

 0.0114  .087    

   0.579  .054 

   0.575  .048 

±  -0.174 < .001   

   0.264  .039 

PaO2 -0.00509  .033    

APACHE II  0.0281  .093    

IGFBP1 0.00000745  .071  0.0000144  < .001 

NGAL 0.499  .031    

NAG   0.380  .037 

p < .10  2 

3 
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p < .10 3 1 

Table 20 AKI ± NGAL 2 

6 AKI IGFBP1 3 

3 63 ] AKI ± 4 

 5 

 6 

Table 20.  7 

 
AKI AKI 

 p   p  

   .726   

   0.533  .002 

     .199 

±  -0.164 < .001   

     .503 

PaO2   .167    

APACHE II    .201    

IGFBP1   .071  0.0000140  < .001 

NGAL 0.418  .047   

NAG      .774 

 8 
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 1 

AKI TIMP-2 2 

AKI 10 3 

AKI 4 

AKI 3 1960 5 

LDH 3 CK CK-MB 6 

] 3 7 

AKI 3 6 8 

AKI 9 

NGAL  L-FABP  KIM-1 IL-18 C 10 

6 3 3 11 

] ICU 3 12 

3 [38] 300 AKI 13 

ICU 14 

TIMP-2 [16] TIMP-2 15 

6 ] 16 

3 3 TIMP-2 ICU 17 
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TIMP-2 1 

 2 

ICU TIMP-2 ROC 0.80 3 3 

NGAL NAG AKI 4 

TIMP-2 5 

ICU IGFBP7 ] 6 

AKI 3 [16] ICU 7 

] ICU 8 

3 AKI ] 6 9 

ICU 6 TIMP-2 AKI 10 

11 

TIMP-2 AKI 63 ] 3 ROC 12 

3 3 3 3] NGAL 13 

NAG 3 ROC 14 

3 15 

6 3 16 

63 ] 17 
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TIMP-2 TIMP-2 1 

TIMP-2 2 

χ 6 3 

ICU 63 TIMP-2 4 

TIMP-2 5 

 6 

TIMP-2 [ 3 7 

matrix metalloproteinase 8 

MMP MMP 9 

G1 ] 10 

] 3 [39] 11 

] 12 

3 [40] 63 13 

[41] TIMP-2 IGFBP7 ] 14 

AKI 63 ] 15 

3  16 

63 TIMP-2 63 17 
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AKI 3 3 [16] ] AKI 1 

NGAL ROC 0.90 2 

3 [42-44] AKI 3 

IL-6 AKI ] 4 

EPO AKI 5 

TIMP-2 NAG 6 6 

AKI 7 

3 EPO TIMP-2 NAG 8 

3 AKI 9 

3 10 

3 [45] 5 11 

12 

] χ  AKI 63 13 

 14 

ICU 6 TIMP-2 15 

16 

AKI AKI 17 
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3 3 Haase 1 

n=2,322 ICU 63 2 

3 NGAL 3 

[46] AKI 4 

] [47]  5 

Supplementary Table 2 6 

 7 

 8 

Supplementary Table 2. 6  9 

 ICU  (n=15) CRRT  (n=44) 

 11 (73%) 16 (36%) 

 1 (6.7%) 14 (32%) 

 0 (0%) 3 (6.8%) 

 3 (20%) 11 (25%) 

 10 

  11 
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3 ] 3 AKI 1 

3 AKI ] 2 

3 [48] AKI 3 

3 AKI 4 

63 6 5 

[49] 6 6 

3 [50] ] AKI 7 

AKI ] 3 8 

3 [51, 52] AKI ] 6 9 

AKI AKI ] 10 

3 3 AKI 3 [53]  11 

63 TIMP-2 63 12 

3 TIMP-2 13 

AKI 6 6 AKI 14 

3  15 

16 

3 ] 17 
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AKI ] 1 

3 AKI 63 TIMP-2 ROC 2 

NGAL NAG 3] 3 

4 

NGAL 5 

AKI 3 3 [45]  6 

TIMP-2 IGFBP7 ICU [54, 55] 7 

] 6 [56, 57] 2014 9 5 8 

(U.S. Food and Drug Administration, FDA) AKI 9 

TIMP-2 IGFBP 10 

NephroCheck® ] AKI 11 

12 

 13 

 14 

 15 

2 AKI 6  16 

AKI 63 17 
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NGAL TIMP-2 NAG 1 

2 

3 [15] 3 

3 3 ] 63 ] 4 

NGAL ] TIMP-2 5 

NAG 3 ] 6 

3 TIMP-2 TIMP-2 7 

28 90 ] 8 

9 

10 

NGAL ] 11 

12 

 13 

 14 

 15 

3.  16 

TIMP-2 AKI 17 
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6 63 ] ICU 1 

2 

ICU 3 

] 3 4 

] 5 

3 3] 6 

FDA 6 AKI 7 

8 

6  9 

NGAL AKI ] 10 

AKI 11 

12 

]  13 

 14 

 15 

4 AKI 6 IGFBP1 16 

ICU 63 AKI 17 
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AKI ± 3 AKI 1 

± IGFBP1 3 2 

63 ] ICU AKI 3 3 63 3 

6 4 

[58] β AKI 63 5 

] IGFBP1 IGFBP1 6 

IGF-1,-2 [59] IGFBP 7 

IGFBP3 ] IGFBP3 3 8 

IGF-1 3 IGFBP1 IGFBP1 9 

HIF 10 

IL-1 IL-6 11 

[25, 26] IGFBP1 IGF-1 IGF-1 12 

IGFBP1 IGF 13 

14 

] IGFBP1 15 

6 6 16 

] 3 [60]  17 
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AKI 6 3 1 

AKI 6 2 

6 3 3 

4 

] CKD 5 

3 [61] 6 

[62] [63] 7 

[64] 3 AKI 8 

6 9 

10 

63 6 [65] 11 

12 

AKI 13 

] IL-6 14 

 15 

63 AKI 16 

3 3[23] 63 AKI 17 
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AKI 1 

3 2 

IGFBP1 3 

4 

3 AKI 63 5 

IGFBP1 6 

3 7 

χ] 3 AKI 8 

] 9 

 10 

 11 

 12 

5  13 

3 14 

3 15 

ICU AKI 79 ICU 16 

AKI 17 
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6 χ 1 

AKI 2 

3 χ 3 χ 3 3 AKI 3 

3 [66] AKI ] 4 

3 [48] 3 ] χ 5 

IGFBP1 6 

3 [67, 68] 7 

ICU 3 8 

9 

± 3 χ 10 

3 3 ICU 19 19 11 

3 CKD 12 

3 3 [69] 6 3  13 

14 
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 1 

AKI TIMP-2 NGAL NAG 2 

AKI 63 ] 3  3 

NGAL IL-6 TIMP-2 4 

NAG 3 3 63 5 

TIMP-2 NAG  6 

TIMP-2 NGAL 7 

] 6 8 

 9 

AKI 63 3 10 

IGFBP1 6 11 

3  12 

 13 
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