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Abstract: Neutrophil gelatinase-associated lipocalin (NGAL) is a rapidly emerging biomarker for
early detection of acute kidney injury (AKI). The aim of the study is to evaluate the impact of sepsis
on serum NGAL in critically ill children, and to investigate whether the presence of sepsis affects the
ability of serum NGAL to predict AKI. Thirty-five patients, who met criteria of sepsis and related
syndromes, were classified into three groups (septic shock, systemic inflammatory response syndrome
[SIRS], and severe sepsis). They were reclassified regarding who developed AKI into AKI and non-
AKI groups. Thirty-two sex and age matched healthy subjects served as a control group. Serum NGAL
was assayed using Enzyme-linked Immunosorbent Assay (ELISA), and serum creatinine was
measured using kinetic spectrophotometric method. Serum NGAL levels were significantly high in
critically ill septic patients compared to healthy controls (median: 51.1ng/ml vs. 8 ng/ml, P=0.001),
and were significantly higher in septic shock (median 87ng/ml) than in SIRS (median 37ng/ml) or in
severe sepsis (median 42ng/ml) with P values of 0.01 and 0.02, respectively. However, there was no
significant difference in the levels of serum NGAL between AKI patients and non- AKI patients (P=0.16).
Receiver operating characteristic (ROC) curve analysis of serum NGAL for prediction of AKI showed an
area under the curve (AUC) =0.65, cutoff value (C.0O.) = 47ng/ml, sensitivity= 84.6%, specificity=52.6%,
positive predictive value (PPV) =55%, negative predictive value (NPV) =83.3%, and accuracy = 66% vs.
AUC of 0.95, C.O. of 0.45 mg/dl, sensitivity= 92.3%, specificity 73.7%, PPV=70.6%, NPV=93.3%
and accuracy=81% for serum creatinine. In conclusion, serum NGAL is raised in critically ill septic
children in pediatric ICU and is a marker of bacterial infection and systemic inflammation. However,
in AKI associated with sepsis, serum NGAL is not a specific biomarker for the prediction of AKI and
it loses its early predictive property. In such patients, serum creatinine is more specific than serum
NGAL.
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INTRODUCTION

Acute kidney injury (AKI) represents a very common and potentially devastating problem in critically ill
children and adults. The reported incidence of AKI in this population varies greatly due to the lack of a standard,
consensus definition. However, AKI affects between 5% and 50% of critically ill patients in reported series,
Bailey et al., (2007). Unfortunately, the mortality and morbidity associated with AKI remain unacceptably high,
up to 80% mortality in critically ill children and adults with multiple organ dysfunction syndromes. Recent
studies have revealed that AKI may be an independent risk factor for mortality in both critically ill children,
Plotz et al., (2005) and adults, Bagshaw et al., (2006). In addition, the treatment of AKI represents an enormous
financial burden on the society, Devarajan P., (2007).

AKI is typically diagnosed by measuring serum creatinine. However, it is well known that creatinine is an
unreliable and insensitive indicator during early changes in kidney function. First, serum creatinine
concentrations may not change until about 50% of kidney function has already been lost. Second, serum
creatinine does not accurately depict kidney function until a steady state has been reached, which may require
several days. Thus, the use of serum creatinine significantly impairs our ability to both detect and quantify renal
damage during the early, crucial stages of AKI when renal replacement therapy (RRT) may have the highest
potential for improving outcome, Moran et al., (1985). So, recent efforts have focused on identification of early
and reliable biomarker of kidney injury, Parikh et al., (2008).

Neutrophil gelatinase-associated lipocalin (NGAL) is a rapidly emerging biomarker for early detection of
AKI. Seemingly, NGAL levels in both plasma and urine can be used to detect AKI days before creatinine at least
when the time of insult to the kidneys is known, Wagener et al., (2006) and Hirsch et al., (2007). Being released
by neutrophils upon activation, NGAL is also a marker of bacterial infection and systemic inflammation,
Fjaertoft et al., (2005). AKI often is associated with sepsis, Uchino et al., (2005), so this might hamper the
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predictive properties of plasma NGAL (pNGAL) as a biomarker of AKI in the general intensive care unit (ICU)
setting, Bagshaw et al., (2007).

Few studies have investigated the predictive properties of NGAL as an AKI marker in general ICU
population. Wheeler et al., (2008) showed that serum NGAL is a non-specific predictor of AKI in pediatric ICU
patients when coincided with sepsis. Bagshaw et al., (2010) reported that AKI and sepsis coincide to a great
extent in ICU patients and might obstruct the interpretation of elevated NGAL in plasma and urine . Cruz et al.,
(2010) found that plasma NGAL was a good predictor of AKI, although sepsis incidence was almost twice as
high in their AKI patients versus non- AKI .

Before introducing NGAL as an early AKI marker in pediatric ICU, it is vital to clarify the effects of
infection/ sepsis on serum NGAL in patients with and without AKI. So, the aim of this work is to study the
impact of sepsis on the level of serum NGAL in critically ill pediatric ICU patients and to evaluate whether the
presence of sepsis affects the ability of serum NGAL to predict AKI.

MATERIALS AND METHODS

This is a prospective observational cohort study that was conducted in Pediatric Intensive Care Unit
(PICU) at Children Hospital of Cairo University, from January 2010 to January 2011. Thirty-five patients (19
males and 16 females) aged from 1 month to 13 years (median 9 months) were included in the study, who met
the criteria of sepsis on admission or developed sepsis during staying in ICU. Also, they were either
hemodynamic unstable or on high doses or high number of nephrotoxic drugs but without any previous
elevation in their creatinine level. Assessment of urine output for 24 hours was done. Blood samples were
collected when criteria were met during stay.

Sepsis and related syndromes (systemic inflammatory response syndrome [SIRS], severe sepsis, and septic
shock) were classified according to the definitions of the American College of Chest Physicians/Society of
Critical Care Medicine, (1992) modified specifically for pediatrics, Goldstein et al., (2005).

Clinical data were collected (demographic, diagnosis on admission, diuretics, nephrotoxic and /or
inotropic drugs, length of stay and outcome). For each patient, the severity of illness was calculated using the
PRISM III (Pediatric risk of mortality) score of Pollack et al., (1996). Also, organ failure was assessed and
defined according to previously published criteria, Wilkinson et al., (1987) and Proulx et al., (1996).

Septic patients were reclassified into two groups regarding the diagnosis of acute kidney injury. AKI was
defined using the creatinine and urine output criteria of the RIFLE (Risk-Injury-Failure-Loss-End stage renal
disease) classification, Bellomo et al., (2004) and Mehta et al., (2007).

Thirty-two healthy subjects, age and sex matched, served as a control group. They fulfill the following
exclusion criteria: any acute illness, a recent febrile illness (within 2 weeks), recent use of anti-inflammatory
medications (within 2 weeks), and any history of chronic or acute disease associated with inflammation.

Informed consents to participate in the study were obtained from all subjects' parents. The study was
approved by National Research Center (NRC) and Cairo University Ethical Committees.

Laboratory Methodology:
Samples Collection:

Venous blood samples were withdrawn from all subjects on plain blood-collection tubes. The obtained
samples were centrifuged at 3000 xg for 15 minutes, and serum was stored at -20°C until analysis. Samples
were thawed and mixed thoroughly just prior to the assay to avoid erroneous results of repeated freeze/thaw
cycles, hemolyzed and lipemic samples were avoided. Serum Neutrophil gelatinase-associated lipocalin
(NGAL) was assayed by Enzyme- linked Immunosorbent Assay (ELISA) and serum creatinine was assayed
using the enzymatic spectrophotometric method.

Assay of Serum NGAL.:

Serum NGAL was assayed according to manufacturer’s protocol using Human Lipocalin-2/NGAL ELISA
kit (BioVendor Laboratory Medicine. Inc., Cat. No. RD191102200R) for the quantitative measurement of
human Lipocalin-2/NGAL. The standards, quality controls and samples were incubated in micro titer wells pre-
coated with polyclonal anti-human Lipocalin-2 antibody. Then biotin-labeled polyclonal anti-human Lipocalin-2
antibody was added and incubated with captured Lipocalin-2. After washing away any unbound biotinylated
antibody, the streptavidin-HRP conjugate was added. Following a wash to remove any unbound antibody-
enzyme reagent, the remaining conjugate was allowed to react with the substrate solution (TMB) resulting in
yellow color development proportional to the amount of NGAL bound in the initial step. The color development
was stopped by addition of acidic solution and the intensity of the color was proportional to the concentration of
Lipocalin-2. The absorbance of the resulting yellow color was measured spectrophotometrically at 450 nm. A
standard curve was constructed by plotting absorbance values against concentrations of the standards, and
concentrations of the samples were determined using this curve, Mori et al., (2007).
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Assay of Serum Creatinine:

Serum creatinine levels were measured by using the kinetic spectrophotometric method according to Jaffe
method without deproteinization, Mazzachi et al., (2000). This is a compensated method based on
manufacturer's instructions (Roche Diagnostics GmbH, Mannheim, Germany).

Statistical Analysis:

Data was analyzed using Statistical Package for Special Science software computer program version 16.0
(SPSS Inc., Chicago, Illinois, USA). Continuous variables were expressed as median, minimum, and maximum.
Categorical variables were expressed as number (n), percent (%) and were compared using the Chi square test or
Fischer's Exact tests, as indicated. Continuous variables were compared using Mann-Whitney test and Kruskal-
Wallis ANOVA, as indicated. The associations between variables were assessed by Spearman rank order
correlation analysis. In order to measure the sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of serum NGAL for the prediction of AKI, receiver operating characteristic (ROC) curve
was generated and the area under the curve (AUC) was calculated. An AUC of 0.5 is no better than expected by
chance, whereas a value of 1.0 signifies a perfect biomarker, Hanley and McNeil (1982). Multivariate regression
analysis was used to test the association between multiple quantitative and qualitative independent variables
with the dependent variable. P value less than or equal 0.05 was considered statistically significant.

Results:

Our results showed that the levels of serum NGAL were significantly high in critically ill septic patients
compared to healthy controls [median: 51.1ng/ml, range (18-120 ng/ml) vs. 8 ng/ml (1-16 ng/ml), P=0.001].
While the levels of serum creatinine showed no significant difference between the two groups [median: 0.5
mg/dl (0.2-1.6 mg/dl) vs. 0.4 mg/dl (0.2-0.8 mg/dl), P=0.15].

There was a positive correlation between serum NGAL level and numbers of inotropic drugs given to the
patient signifying hemodynamic unstability (P=0.03, r=0.36). Otherwise, there were no significant correlations
between serum NGAL and the number of organ failure or the PRISM III score. Also, there was no correlation
found between the levels of serum NGAL and serum creatinine.

Table 1: Comparison between different septic patients' groups.

SIRS Severe sepsis Septic shock P-value
Number 6 11 18
Age (months) 34(1-144) 6(2.5-156) 6.5(2-48) 0.37
sex* Females 2 4 10
0.48
Males 4 7 8
Diagnosis at Cardiac disease 1 4 5
admission* Septic shock 0 0 3
Respiratory disease 2 2 6
Metabqlic apd 0 1 1
endocrine disease 0.5
neurological disease 2 2 0
dGizsetar:;ntestmal 0 1 1
Postoperative 1 1 2
LOS (Days) 9.5(4-75) 11.5(4-30) 10(2-180) 0.87
PRISM III score 17.5(9-33) 18(9-37) 14.5(9-33) 0.89
Number of organ 1 2 1 3
failure* ) 2 5 9 07
3 2 5 6
Outcome* Death 4 5 12
Discharge 2 6 6 03
Serum Creatinine (mg/dl) 0.5(0.2-1.3) 0.65(0.2-1) 0.45(0.2-1.6) 0.8
Serum NGAL (ng/ml) 37(18-63) 42(23-110) 87(33-120) 0.01

*Data are represented as median and range except* represented as frequency. SIRS=systemic inflammatory response syndrome, PRISM III=
pediatric risk of mortality, LOS= Length of stay in ICU, NGAL= neutrophil gelatinase- associated lipocalin
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Serum NGAL was higher in males than in females [median: 60ng/ml (21-105ng/ml) vs. 48ng/ml (18-
120ng/ml)], and in non-survivors than in survivors [median: 72ng/ml (18-120ng/ml) vs. 45ng/ml (23-87ng/ml)],
though the difference was not statistically significant.

Patients were grouped into systemic inflammatory response syndrome (SIRS), severe sepsis and septic
shock according to the definitions of the American College of Chest Physicians/Society of Critical Care
Medicine modified specifically for pediatrics. Different septic patients' groups are shown in table (1), the groups
were otherwise similar with the exception of serum NGAL (P=0.01).

Serum NGAL level was significantly increased in critically ill children with septic shock [median:
87ng/ml (IQR 44.25-98.25ng/ml)] compared to either critically ill children with SIRS [median: 37ng/ml (IQR
20.25-60.75ng/ml), P=0.01] or those with severe sepsis [median 42ng/ml (IQR 32.75-59.25ng/ml), P=0.02]
(Figure 1).
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Fig. 1: Level of serum NGAL in different septic groups and control.

Multivariate regression analysis showed that septic shock was the only independent variable for elevation
of serum NGAL, patients with septic shock are at 0.5 fold more risk of increase in their serum NGAL level than
other variables, P=0.009 (Table 2).

AKI was developed in 15 (42.85%) out of 35 critically ill patients, there was no significant difference in
the level of serum NGAL between patients with AKI compared to those without AKI (P=0.16). In consistence
with the definition of AKI used in this study, serum creatinine was significantly increased in critically ill
children with AKI (P=0.001) (Table 3).

Figure (2) shows the receiver operating characteristic (ROC) curve analysis of serum NGAL and serum
creatinine for prediction of AKI in critically ill septic children. For serum NGAL, the area under the curve
(AUC) was 0.65 (95% C.I. =0.45-0.84) with an optimal cutoff value of 47ng/ml, sensitivity=84.6%, specificity
52.6%, PPV =55%, NPV =83.3%, and accuracy=66%. For serum creatinine, the AUC was 0.95 (95% C.I.
=0.88- 1.02) with an optimal cutoff value of 0.45 mg/dl, sensitivity= 92.3%, specificity 73.7%, PPV=70.6%,
NPV=93.3% and accuracy=81%.

Table 2: Multiple Linear regression analysis of NGAL as dependent variable.

Variable Unstandardized coefficient Standardized coefficient Significante
B B P- value

Sex -2.731 -0.046 0.941

Age 0.135 0.186 0.365
Inotropic drugs 7.112 0.248 0.287
Nephrotoxic drugs 2.524 0.08 0.606
PRISM III score -0.584 -0.168 0.385
Number of organ failure 13.969 0.337 0.084

Out come 9.05 0.148 0.432
Septic shock 14.025 0.475 0.009*

*Septic shock was the only independent variable for elevation of serum NGAL.
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Table 3: Clinical data of critically ill children (AKI patients vs. non- AKI patients).

AKI Non-AKI P- value

Number 15 20
Age(months) 7(1-24) 8(2-156) 0.08
Urine output® Low
(ml/kg/hr) 7(46.67%) 0 0.001

Normal 8(53.33%) 20(100%)
Blood pressure Low 7 12

Normal 8 8 02
Nephrotoxic drugs 2(0-3) 2(0-4) 0.8
PRISM III score 19 (10-33) 12 (9-37) 0.2
LOS (days) 7(2-30) 12.5(4-180) 0.05
Number of organ failure 2 (1-3) 2( 1-3) 0.6
sepsis* SIRS 2(13.33%) 4(20%)

Severe sepsis 4(26.67%) 6(30%) 0.8

Septic shock 9(60%) 10(50%)
Outcome* Death 10(66.67%) 11(55%)

Discharge 5(33.33%) 9(45%) 043
Blood urea nitrogen (BUN) mg/1 9(4-17) 25(19-73) 0.001
Serum creatinine (mg/dl) 0.8(0.4-1.6) 0.4 (0.2-0.6) 0.001
Serum NGAL(ng/ml) 51(33-110) 45(18-120) 0.16

*Data are represented as median and range except* represented as frequency.
SIRS=systemic inflammatory response syndrome, PRISM IlI=pediatric risk of mortality, LOS= Length of stay in ICU, NGAL= neutrophil
gelatinase- associated lipocalin
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Fig. 2: Receiver operating characteristic (ROC) curve analysis of serum NGAL and serum creatinine
concentrations for prediction of AKI in critically ill septic children.
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Discussion:

Sepsis and related syndromes (severe sepsis and septic shock) account for significant morbidity and
mortality in critically ill children, Wheeler et al., (2008). Actually Sepsis and septic shock are the dominant
causes of acute kidney injury (AKI), accounting for nearly 50% of episodes of acute renal failure, Martin et al.,
(2007).

Neutrophil gelatinase-associated lipocalin (NGAL) is a rapidly emerging biomarker for early detection of
AKI. NGAL is a 25 KDa protein that is expressed at very low concentrations in several human tissues including
the kidney, lungs, and gastrointestinal tract, Kjeldsen et al., (2000). It is released by neutrophils upon activation
and it is a marker of bacterial infection and systemic inflammation, Mori et al., (2005).

In this study, we evaluated serum NGAL as a biomarker of sepsis and as a specific predictor for AKI in
septic children. We found that, serum NGAL was significantly increased in critically ill children with different
grades of sepsis (SIRS, severe sepsis and septic shock) compared to healthy controls. Also, serum NGAL in
critically ill children with septic shock was significantly higher than in critically ill children with severe sepsis
or SIRS, reflecting the severity of illness in those patients.

Our results are in accordance with, Wheeler et al., (2008), Kiimpers et al., (2010) , Bagshaw et al., (2010)
and Martensson et al.,2010 who found that serum NGAL not only depicts sepsis but also reflects the severity of
systemic inflammation. In addition, Kiimpers et al., (2010) found that serum NGAL was highly sensitive to
discriminate between survivors and non-survivors. In line with this interpretation, increased levels of serum
NGAL was found in our non-survivors patients.

Shapiro et al., (2009) suggested that NGAL may represent an emerging global biomarker for
inflammation, tissue injury, illness severity and organ failure, and correlate with survival in sepsis, they also
added NGAL to the biomarker panel for the early optimally diagnosis of septic shock and multi-organ failure.

Serum NGAL in our critically ill septic children who developed AKI was not significantly increased
compared to those who did not develop AKI .This may be due to that septic shock was almost equally
distributed between both groups. Sepsis might hamper the predictive property of serum NGAL as a biomarker of
AKI in the general intensive care unit (ICU) setting, Bagshaw et al., (2007).

In accordance to our results, Martensson et al., (2010) found that, there was a stepwise increase in peak
levels of pNGAL with increasing sepsis severity, and concomitant AKI raised the peak levels further. However,
difference in peak pPNGAL levels between septic shock patients with and without AKI was not-significant. They
added that patients with AKI had a significantly higher change in plasma creatinine relative to baseline than
non-AKI patients.

Bagshaw et al., (2010) found that plasma NGAL was higher in septic AKI compared to non septic AKI at
12 h; however there was no difference at 24h and 48 h. Axelsson et al., (1995) reported that NGAL has a short
life span so its peak value could be missed.

In contrast to our results, Wheeler et al., (2008) stated that serum NGAL is significantly increased within
the first 24 hours and remains increased at day 3 following admission to the pediatric ICU in critically ill
children who develop AKI compared to critically ill children who do not develop AKI. But, in accordance with
our results they reported a sensitivity=86% and specificity=39% and concluded that serum NGAL is a high
sensitive but a non-specific predictor of AKI in critically ill children with septic shock. Zappitelli et al., (2007)
hypothesized that sepsis induced a greater “injury” to the kidney compared with other contributing factors, and
higher pPNGAL levels have been associated with greater severity of AKI

In our study, ROC analysis showed that serum NGAL had a high sensitivity , albeit with poor specificity
for prediction of AKILand their ability to predict AKI in patients with septic shock was poor with an AUC-ROC
=0.65. In accordance to our result ,Wheeler et al., (2008) and Martensson et al., (2010) found that the ability
of pNGAL to predict AKI in patients with septic shock was poor with AUC-ROC(0.68 and 0.67
respectively).Meanwhile, ROC analysis of serum creatinine in our study showed a higher sensitivity and albeit
better specificity for prediction of AKI,so serum creatinine has better ability to predict AKI in septic patients .

Hilde et al., (2011) stated that NGAL measured at ICU admission predicts the development of severe AKI
similarly to serum- creatinine- derived eGFR and adds significant accuracy to this prediction in combination
with eGFR alone or with other clinical parameters. However, they pointed to discrepancy in the previous
literatures regarding the usefulness of NGAL as a biomarker for early detection of acute kidney injury in
intensive care patients.

Conclusion:

We concluded that serum NGAL is raised in critically ill septic children in pediatric ICU and is a marker
of bacterial infection and systemic inflammation. However, in AKI associated with sepsis, serum NGAL is not a
specific biomarker for the prediction of AKI and it loses its early predictive property. In such patients, serum
creatinine is more sensitive and specific than serum NGAL.
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