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Introduction 
Acute kidney injury (AKI) is an alarming pathological 
event resulting in rapid decrease in the kidney function 
and can lead to kidney cell damage. The hallmark feature 
of AKI is the decrease in glomerular filtration rate (1,2). 
Moreover, during AKI there is a substantial elevation of 
kidney diagnostic indices such as serum creatinine (sCr), 
and blood urea nitrogen (BUN) with a corresponding 
decrease in urine output (3). The patients affected with 
AKI have significant burden with increased mortality rate, 
hospital stay, intensive care unit admissions and hospital 
cost (4). For cases in which there is no timely diagnosis 
and accurate management, the resultant would be poor 
clinical outcome (5). Up to the present there is no standard 
management protocol for AKI, albeit renal replacement 
therapy (RRT) has displayed a significant outcome in the 

reduction of AKI and the success rate is associated with 
the various factors such as time of therapy initiation and 
completion (6,7). The present definition of AKI is solely 
based on loss of kidney function without considering 
the ultra- structural changes in the kidney. Meanwhile, 
clinically sCr is employed as a reliable marker to assess 
the kidney function but its accuracy is very limited during 
acute changes. Further, sCr level is largely dependent 
upon various factors such as age, sex, BMI, food intake, 
drugs, and hydration status (8).

Neutrophil gelatinase-associated lipocalin (NGAL) is 
a glycoprotein of low molecular weight which belongs 
to the family of lipocalin. It has the capacity to bind with 
low size lipophilic components derived from bacterial 
lipopolysaccharide (9). Generally, human NGAL is located 
in neutrophils in the form of secondary granules (10). In 
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Abstract
Objective: To evaluate the predictive and diagnostic accuracy of neutrophil gelatinase-
associated lipocalin (NGAL) in acute kidney injury (AKI) and also to predict the renal 
replacement therapy (RRT) using NGAL as a marker. 
Methods: This prospective study was conducted among the patients admitted to intensive 
care units. Plasma samples were collected 24 hours after admission and NGAL was measured 
using Triage® NGAL test, a specific point of care test which is based on the mechanism of 
fluorescence immunoassay. The diagnostic accuracy of plasma NGAL (pNGAL) to predict AKI 
in critically ill patients of ICU was assessed by applying receiver operator curve (ROC) analysis 
and calculating the area under the curve (AUC). 
Results: In this study, 100 patients with the mean age of 49.56 ± 19.2 years were included for 
the period of 18 months. The blood samples were withdrawn from the patients 24 and 44 
hours after admission. Totally, 55% (n = 55) of ICU patients were diagnosed with AKI. Plasma 
NGAL level was significantly increased in AKI patients as compared to non-AKI patients 
(742.65 ± 734.72 vs. 255.62 ± 440.09 μg/L; P < 0.01). The sensitivity and specificity of NGAL for 
diagnosing AKI was 83.6% and 88.9%, respectively. The overall diagnostic accuracy was 86%. 
Diagnostic accuracy of NGAL for requirement of RRT was 51%. 
Conclusion: Plasma NGAL is a reliable marker for patients with AKI in ICU, in case the cause 
of kidney injury is not known. In addition, NGAL also predicts the RRT need based on AKI 
severity.
Keywords: Neutrophil gelatinase-associated Lipocalin, Acute kidney injury, Renal 
replacement therapy
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normal physiological conditions, in organs like kidney, 
small intestine, colon and lung, NGAL is expressed at low 
concentrations (11). However, during disease conditions 
like epithelial cell injury the protein level of NGAL is 
upregulated in various organs like lungs, colon and kidney 
(12) as well as in tumor of breast cancer, colon and pancreas 
(13,14). Generally, in blood and urine, NGAL exists in 3 
forms such as monomer, homodimer and heterodimer 
which is connected to gelatinase through linkage (15). 
NGAL is used as a reliable AKI biomarker since it is the 
chief protein expressed rapidly during ischemic condition 
or as a result of various stress factors in renal tissues. 
Furthermore, during renal injury there is a substantial loss 
of renal cell membrane integrity and due to this the NGAL 
is rapidly released into the bloodstream and urine (16). 
Previous studies show the diagnostic accuracy of NGAL 
as well as a prominent marker in the early diagnosis of 
AKI (17). In addition, it has been employed as an effective 
predictor for the requirement of RRT and dialysis in AKI 
patients (18, 19). In this backdrop, the current study 
was conducted to evaluate the predictive and diagnostic 
accuracy of NGAL and also the prediction of RRT based 
on NGAL values in AKI patients. 

Methods
This was a prospective study conducted for a period of 
18 months and included all the Emergency Department 
admissions at Vydehi Institute of Medical Sciences and 
Research Centre, Bangalore which fitted the inclusion/
exclusion criteria. The patients were followed up for the 
period of 4 weeks. Informed written consent was granted 
from all patients included in the study. 

The inclusion criteria encompassed patients with 
varying ages presenting to the Emergency Department 
having a complaint of decreased urinary output and 
features of AKI.

Patients affected with myeloproliferative disorder, 
peritonitis, acute chronic obstructive pulmonary disease 
exacerbation and urinary tract infection were excluded 
from the study. 

AKI was defined based on the criteria of creatinine and 
urine output stated in RIFLE (Risk-Injury-Failure-Loss-
End stage renal disease) classification (20). The kidney 
function at baseline was defined as least value of sCr 
measured during the past 3 months. In patients where 
the previous sCr was not measured it was calculated 
by solving the MDRD equation (20,21). Initial RIFLE 
denotes the RIFLE class on day 1 of AKI. RIFLE-max is 
the alarming RIFLE class exhibited by the patient during 
the ICU admission. In patients with AKI, the kidney 
functions during discharge from ICU were as follows: 
Complete renal function recovery when sCr <150% as 
that of the baseline; partial renal function recovery when 
sCr <150–199% as that of the baseline; no renal function 
recovery when sCr ≥200% as that of baseline or the patient 
was on RRT. 

The blood collection for analysis was done daily and 
processed for NGAL estimation within 1 hour. The 
collected samples were subjected to centrifugation at 
3500RPM for ten minutes and the supernatant was stored 
at −80°C before measurement. Plasma NGAL (pNGAL) 
was estimated using the Triage® NGAL Test (Biosite 
Inc, San Diego, CA), a point-of-care fluorescence-based 
immunoassay. 

Data analysis was done by using SPSS software version 21 
with receiver operator curve (ROC). All the demographic 
variables were represented using percentage, and 
mean ± standard deviation. Sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV), 
true positives and true negatives of NGAL test were found 
by using sCr test as gold standard method. Gold Standard 
for AKI is the value of sCr calculated by approved 
Laboratory investigation and AKI graded according to 
RIFLE criteria. Prediction of AKI and calculation of 
baseline SCr using Risk-Injury-Failure-Loss-End Stage 
(RIFLE-sCr) was proposed by the Acute Dialysis Quality 
Initiative (ADQI) group. A twofold increase in sCr from 
baseline value is considered as AKI. Cut off 150 ng/mL of 
Plasma NGAL was used for the prediction of AKI.

Results
The current study was done on 100 patients admitted to 
ICU. The mean age of patients (n = 100) was 49.56 ± 19.2 
years with a male preponderance of 58%. Majority of 
the subjects displayed the Glasgow coma scale score 
between 12 and 15 (93%). The major complication during 
ICU admission was mainly due to cardiac failure (33%) 
followed by sepsis (26%) and acute gastroenteritis (21%). 
Table 1 shows the general and clinical characteristics of 
the patients.

In this study, out of 100 patients admitted to ICU, 55 

Table 1. Demographics and clinical details of patients (n = 100) admitted to 
ICU

Characteristics No. (%)

Age 49.56 ± 19.2 years

Sex

Male 58 (58)

Females 42 (42)

GCS Score

≤8 2 (2)

9 to 12 5 (5)

12 to 15 93 (93)

Final diagnosis during ICU admission 

Cardiac failure 33 (33)

Sepsis 26 (26)

Acute GE 21 (21)

Acute coronary syndrome 7 (7)

Shock 5 (5)

Seizures 2 (2)

Snake bite 2 (2)

Toxin ingestion 2 (2)

Diabetic ketoacidosis 1 (1)

GE, gastro enteritis
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patients (55%) developed AKI and the prevalence was 
found to be 55%. Further, no significant difference 
(P > 0.05) was observed in patients with and without 
AKI with respect to Glasgow Coma Scale, respiratory 
rate, partial pressure of oxygen and heart rate. The blood 
pressure was found to be normal in majority of the 
patients with AKI and non-AKI and it was found to be 
insignificant. Moreover, there was no significant alteration 
in complete blood count and electrolytes levels between 
AKI and non-AKI patients. However, blood gas analysis 
revealed that the metabolic acidosis was observed in 
67.3% of cases with AKI as compared to 46.7% of non-
AKI cases and it was insignificant (P = 0.14).

In the present study, there was a significant (P < 0.01) 
decrease in urine output in AKI subjects at 6 hours, 12 
hours and 24 hours as compared to non-AKI patients 
(Table 2). Also, the blood urea and sCr at 2 hours and 24 
hours significantly (P < 0.01) increased in AKI patients in 
comparison to non-AKI patients (Table 3).

Our study shows that the plasma NGAL level was 
significantly elevated in AKI subjects as compared to 
non-AKI subjects (742.65 ± 734.72 vs 255.62 ± 440.09 
μg/L; P < 0.01). Besides, the area under NGAL curve 
for the prediction of AKI development was found to be 
0.846 with 95% CI of 0.76 to 0.93 (P < 0.01; Figure 1). 
The sensitivity, specificity, PPV and negative predictive 
of NGAL for diagnosing AKI was 83.6%, 88.9%, 90.2% 
and 81.6%, respectively. By the same token, the overall 
diagnostic accuracy of NGAL in predicting AKI was 
found to be 86%. 

In this study, out of 100 ICU cases, 8 patients required 
RRT and in these patients the mean NGAL level was found 
to be 446.88 ± 407.02 μg/L and the remaining 98 patients 
did not require RRT during their hospital admission 
and the NGAL level was found to be 530.15 ± 682.05 
μg/L. However, the value was not statistically significant 
(P = 0.73). Also, the area under NGAL curve for the 
prediction of RRT requirement was found to be 0.499 
with 95% CI of 0.29 to 0.707 (P 0.99; Figure 2). We assume 

that NGAL is effective in predicting AKI other than RRT. 
The sensitivity, specificity, PPV and negative predictive 
of NGAL for analyzing the RRT requirement in AKI was 
found to be 62.5%, 50 %, 9.2% and 93.9%, respectively. 
The overall diagnostic accuracy of NGAL in predicting 
the requirement of RRT in AKI patients was found to be 
51% (Table 4). 

Discussion 
In this study a prospective analysis was conducted 
to evaluate the diagnostic accuracy of plasma NGAL 
(pNGAL) for the rapid detection of AKI in ICU admitted 
patients. In our study, out of 100 patients admitted to ICU, 
55 patients were diagnosed with AKI and the prevalence 
rate was 55%. We observed that pNGAL level significantly 
increased in AKI patients as compared to the non-AKI 

Table 2. Urine output among AKI and non-AKI subjects

Urine output AKI (n=55) (mL) Non-AKI (n=45) (mL) P value

6 h 190.09 ± 169.73 346.33 ± 214.60 <0.01 

12 h 378.61 ± 301.89 802.44 ± 488.26 <0.01 

24 h 725.85 ± 445.41 1486.44 ± 896.22 <0.01 

The values are represented as mean ± SD. Comparison were done between 
AKI vs Non-AKI.  P value < 0.01 was found to be statistically significant.

Table 3. Renal function test among AKI and non-AKI subjects

Renal function test AKI (n=55)  Non-AKI (n=45) P value

Blood Urea (mg/dL)
2 h 67.13 ± 35.06 40.09 ± 23.44 <0.01 

24 h 109.47 ± 44.38 42.58 ± 18.62 <0.01 

Serum Creatinine 
(mg/dL)

2 h 2.38 ± 2.10 1.25 ± 0.88 <0.01 

24 h 2.94 ± 1.42 1.20 ± 0.66 <0.01 

The values are represented as mean ± SD. Comparison were done between 
AKI vs Non-AKI. p value < 0.01 was found to be statistically significant

Figure 1. Receiver operator characteristic (ROC) curve for plasma 
NGAL. The area under the ROC is 0.846 (95% CI 0.76 to 0.93), which 
displays a good performance for the prediction of AKI.

Figure 2. Receiver operator characteristic (ROC) curve for plasma 
NGAL for the requirement of RRT. The area under the ROC is 0.499 with 
95% CI of 0.29 to 0.707. 
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patients (742.65 μg/L vs 255.62 μg/L; P < 0.01). Similar to 
our study, the research undertaken by Soto et al., showed 
an increase in the level of pNGAL in patients with AKI 
(146–174 ng/mL) estimated at various time ranges (22). 
Another study done by Khan et al. also displayed an elevated 
pNGAL level in AKI patients with a median range of 126–
274 ng/mL (23). In the present study, area under the curve 
(AUC) of NGAL for the prediction of AKI development 
was 0.846 with 95% CI of 0.763 to 0.93 (P < 0.01). In line 
with our study, researches done by Yamashita et al (24) and 
Dai et al (25) revealed an AUC of 0.94 (95% CI, 0.88-0.97) 
and 0.92 (95% CI, 0.84-0.96) for the accuracy of pNGAL 
as a predictor of AKI in ICU patients. In another study 
conducted by Md Ralib et al, a similar AUC was reported 
(95% CI 0.74 to 0.87) for pNAGL in AKI prediction (26). 
In our study, the sensitivity, specificity, PPV and NPV of 
NGAL for diagnosing AKI was found to be 83.6%, 88.9%, 
90.2% and 81.6%, respectively. However, in a study done 
by Hjortrup et al the sensitivity, specificity, PPV and NPV 
was found to be 58%, 76%, 45% and 85%, respectively 
(27). We reported an overall diagnostic accuracy of 86% 
in predicting AKI. In a study conducted by Tecson et al, 
they reported a diagnostic accuracy of 75.45 which is less 
when compared to our study (28).

Mean of NGAL levels among cases with and without 
requirement of RRT was 446.88 μg/L and 530.15 μg/L, 
respectively (P = 0.73). The area under NGAL curve for 
predicting RRT requirement was 0.499 with 95% CI of 
0.29 to 0.707 (P = 0.99). The sensitivity and specificity of 
NGAL for predicting the requirement of RRT was 62.5% 
and 50% respectively with the overall diagnostic accuracy 
of 51%. However, in our study NGAL was not observed 
to be a significant biomarker for the requirement of 
RRT which might be due to the relatively small sample 
of population (n=8) requiring RRT to come to a valid 
statistical conclusion. The recent meta-analysis conducted 
on biomarkers for the prediction of RRT need shows that 
albeit with high heterogeneity, multiple studies show good 
predictive performance for NGAL, however, the authors 
are unable to substantiate the efficacy of NGAL compared 
to other biomarkers in RRT prediction (29).

Conclusion 
The present study reveals that plasma NGAL is a very 
effective marker in rapid diagnosis of AKI in ICU admitted 
patients. Further, it enhances AKI diagnosis within 48 

hours before routine clinical diagnosis as per RIFLE 
criteria. It is also effective in predicting RRT need and 
effectively correlates with AKI severity as well as overall 
illness. Future studies are highly recommended to validate 
the accuracy of urine and plasma NGAL by measuring its 
sensitivity and specificity from different clinical samples 
among a large set of ICU admitted patients with different 
clinical conditions.
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