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Abstract

Background: Major attention has been drawn to the prognostic value of plasma/serum neutrophil
gelatinase-associated lipocalin (NGAL) in detection of acute kidney injury (AKI) in children, but still
no consensus has been reached. Accordingly, the present study aimed to assess the diagnostic value of
this biomarker in detection of acute kidney injury in children through a systematic review and meta-
analysis.

Materials and Methods: Two independent reviewers carried out a comprehensive search in electronic
databases up to the end of August, 2016. After summarization of studies, screening performance
characteristics of plasma/serum NGAL were evaluated in detection of AKI. The area under the curve
of receiver operating characteristics curve, sensitivity, specificity, positive and negative likelihood
ratios and diagnostic odds ratio of NGAL were calculated using a mixed-effects binary regression
model. A p-value less than 0.05 was considered as significance threshold in all analyses.

Results : Data from 22 studies (2,213 non-AKI children and 1,109 AKI patients) were pooled and
analyzed. Analyses revealed that the performance of plasma/seum NGAL is maximal when the level
of this biomarker is measured in the first 12 hours after admission or surgery, considering a cut-off
level of 100 mg/dL. In this setting the area under the curve, sensitivity, specificity and diagnostic odds
ratio of plasma/serum NGAL were 0.94 (95% CI: 0.91-0.95), 0.87 (95% CI: 0.67-0.96), 0.88 (95%
Cl: 0.65-0.96) and 48.05 (95% CI: 9.20-251.04), respectively.

Conclusion: The high diagnostic value in the first few hours is one of the advantages of plasma/serum
NGAL, emphasizing its usefulness in clinical evaluations.
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Plasma NGAL and Acute Kidney Injury

1- INTRODUCTION

Acute kidney injury (AKI) is defined as
a drop in renal filtration that can happen
over a period of minutes to a few days.
This complication that follows an injury to
the renal tissues is considered as one of the
main public health issues with a rising
prevalence all over the world (1). Various
complications are associated with this
problem including metabolic acidosis,
hyperkalemia, uremia and changes in the
balance of body fluids. Long term
complications of renal failure also include
cardiovascular diseases, stroke and heart
failure. Children with renal failure most
commonly expire due to cardiovascular
diseases and infections (2). The burden of
AKI in children and its burden are much
more severe than the adult population.
However, recent studies have shown that
implementing preventive strategies and
early diagnosis of AKI can significantly
decrease the burden of this disease (3).
Early detection and treatment of AKI can
prevent progression of this disease and its
long lasting complications such as chronic
renal failure. Nevertheless, despite the vast
improvements in the medical sciences, in
some cases diagnosis of AKI cannot be
made early in the course of the disease
which leads to development of long
standing injuries. Accordingly, researchers
are currently searching for a new
diagnostic method to prevent such cases.

In recent years, serum and urine
biomarkers have been proposed as
sensitive and specific methods for early
diagnosis of renal diseases with a higher
prognostic performance compared to other
diagnostic techniques (4-6). Few of these
factors include serum creatinine, cystatin
C, Neutrophil gelatinase associated
lipocalin (NGAL) protein and Kidney
Injury Molecule 1 (KIM-1) (7-9). NGAL
iS a membrane protein  minimally
expressed in blood and kidney cells.
During an AKI the plasma/serum
concentration of NGAL increases and
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peaks within two hours. Studies have
shown that the level of NGAL in the serum
is correlated with the severity of AKI,
which makes it a good diagnostic factor in
acute injuries of the kidney (10). Much
attention has been paid to this biomarker in
recent years, but still no comprehensive
conclusion has been drawn. One of the
main methods to reach such conclusion is
implementation of a systematic review and
meta-analysis (11-14), an approach that
has not yet been taken on the performance
of plasma/serum NGAL concentration in
detection of AKI in children. Only one
meta-analysis has been carried out with a
similar aim, the findings of which have
shown an acceptable diagnostic value for
serum NGAL in detection of AKI (15).
The mentioned systematic review has
mainly focused on data gathered from
adults, and so the need for such meta-
analysis on data from children has not
been fully met. Multiple meta-analyses
other than the mentioned study have also
been published on this subject, but
similarly all of them have mainly
evaluated data from adult patients with a
brief notion of findings among children.
Moreover, only specific settings have been
assess in most these surveys such as post-
cardiac surgery or contrast induced
nephropathy. They have also not proposed
a precise cut-off point or a specific timing
of measurement for this biomarker (15-
17). Accordingly, we aimed to conduct a
systematic review and meta-analysis to
provide evidence on the diagnostic
performance of plasma/serum NGAL in
detection of AKI in children.

2- MATERIALS AND METHODS
2-1. Search strategy

A meta-analysis was designed based
on the guidelines of Meta-analysis of
Observational Studies in Epidemiology
statement (18) to assess the performance of
plasma/serum NGAL concentration in
detection of AKI in children. As the initial
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step two independent reviewers carried out
a comprehensive search in the electronic
databases of Medline, Embase, Scopus,
Cochrane library, ISI web of science and
EBSCO until the end of August 2016, with
no temporal or linguistic limitations.

The search strategy was based on words
related to neutrophil gelatinase-associated
lipocalin and acute kidney injury, the
combinations of which are presented in
Table.l. These keywords were selected
through three different steps. Initially
related terms were extracted from the
sources of Mesh (Medline database) and
Emtree (Embase database). Then by going
through the related articles, further terms
missed in the initial step were added to the
list. Finally, the extracted terms were
discussed with a pediatric specialist and
final modifications were made to the list.
Eventually the appropriate combinations
were used to screen for relevant articles on
the subject in the mentioned electronic
databases. Further articles were found by
conducting a hand-search in the
bibliographies of  relevant articles,
ProQuest database and along with the
Google and Google scholar search engines.
In cases where data could not be extracted
from the articles, corresponding authors
were contacted and asked whether they
could provide the required information.
The search strategy is described in details
in our previous publications (11-14, 19-
28).

2-2. Selection criteria

In the present study, cohort and
prospective  cross  sectional  surveys
evaluating the performance of
plasma/serum NGAL levels for detection
of AKI in children were included. Studies
were included if AKI had been established
in their subjects by a standard method, the
serum level of NGAL had been measured
in all their cases and their results had been
presented as mean and standard deviation
(SD), median with interquartile range of
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NGAL serum concentration, true and false
positive and negative cases or sensitivity
and specificity. On the other hand,
exclusion criteria included retrospective
studies, evaluating chronic renal failure or
patients with a definitive diagnosis of AKI
before measuring serum NGAL
concentration, only evaluating urine level
of NGAL and not its serum concentration,
repetitive reports and surveys with poor
qualities.

2-3. Data extraction and quality control

Two reviewers independently summarized
the articles and their titles and abstracts
were entered into EndNote X7 (Thomson
Reuters: Philadelphia, PA, USA; 2106)
software for removing duplicate studies.
Two reviewers screened the remaining
articles and selected potentially relevant
studies. Then full-text of each article was
studied and if met the inclusion and
exclusion criteria, it was summarized into
a predesigned checklist based on the
guidelines of Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses
(PRISMA) (29). Finally the summarized
articles by the two reviewers were
compared and their discrepancies were
solved through discussion with a third
researcher (inter-rater reliability=0.93).

Gathered data included characteristics of
the article (the name of the first author,
publication year and the country in the
study were conducted), age, gender,
number of cases with and without AKI
(non-AKIl), AKI definition, timing of
plasma/serum NGAL assessment, cut-off
level, true positive (TP), true negative
(TN), false positive (FP) and false negative
(FN) cases, mean and standard deviation
(or standard error) of plasma/serum NGAL
concentration in the AKI and non-AKI
groups, median and interquartile range this
biomarker in the two groups and finally
sensitivity and specificity of NGAL in
different cut-off points for detection of
AKI. Quality assessment of included
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studies was done based on the suggested
guideline of 14-item Quality Assessment
of  Diagnostic ~ Accuracy  Studies
(QUADAS?) tool (30). Details on quality
assessment method and possible bias
evaluations are presented in previous
publications (11, 13, 14, 19-24, 26-28). In
summary each article was assigned a score
based on the study protocol, patient
selection method (consecutive, random,
etc.), inclusion and exclusion criteria,
blinding status, using the appropriate
reference standard, presence of appropriate
interval Dbetween the index test and
reference standard and recruitment of all
patients into the study. According to the
assigned scores, articles were rated into
three levels of good, fair and poor quality.

2-4. Statistical analysis

Two strategies were employed in the
STATA version 11.0 (Stata Corporation,
College Station, TX) software to analyze
the gathered data. In the first strategy a
comparison was made between the serum
level of NGAL in the two groups of AKI
and non-AKI children using standardized
mean differences (SMD) with 95%
confidence intervals (Cls) based on Hedge
g. For cases where the results were
presented as median and interquartile
range, the method proposed by Hozo et al.
was used to estimate the means and
standard deviations (31). Heterogeneity
between the articles was assessed using I-
squared (I%) test and an 1? greater than 50%
or a p- value less than 0.1 was considered
as a positive heterogeneity. If the studies
were homogenous, a fixed model effect
was used; otherwise random effect model
was utilized. Finally the findings of all the
studies were pooled and an overall effect
size was calculated. In order to identify the
sources of heterogeneity, subgroup
analysis was carried out based on the main
factors affecting interpretation of the
results. Publication bias was also evaluated
using Egger’s and Begg’s tests (32). The
second strategy aimed to assess the
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screening performance characteristics of
plasma/serum NGAL in detection of AKI
in children using mixed-effects binary
regression model to calculate area under
the curve of receiver operating
characteristics curve, sensitivity,
specificity along with positive and
negative likelihood ratio and diagnostic
odds ratio with 95% confidence intervals
(95% CI). Similar to the previous strategy,
heterogeneity between the articles was
assessed based on 1> and p- value.
Publication bias was evaluated by drawing
Deeks’ funnel plot asymmetry test and
presenting the resultant p-value.

It should be mentioned that in both
strategies, meta-regression was used for
identifying the sources of heterogeneity
and a p-value of less than 0.05 was
considered as statistically significant in all
the analyses performed.

3- RESULTS

3-1. Literature Search and General
Characteristics of included studies

Search in electronic databases yielded
3,547 non-repetitive studies, from which
full-texts of 115 articles were evaluated
and 93 of them were excluded mainly due
to measuring the urine level of NGAL
instead of the serum concentration, not
including children as their study
population, presenting repetitive findings
and low quality of the article. Figure.l
depicts the flow diagram of the process
through which eventually 22 articles were
selected to be included in this meta-
analysis (4, 33-53). All these articles were
written in English. A total of 8 studies had
evaluated patients in the setting of cardiac
surgery (4, 34, 39, 42, 43, 46, 47, 49), 5
had assessed patients admitted to the
Intensive Care Unit (ICU) (33, 37, 40, 44,
45), 3 had included asphyxiated neonates
(36, 48, 50) and 3 had been conducted on
children diagnosed with sepsis or septic
shock (35, 51, 52). The age of included
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subjects ranges from 0 to 218 months
(mean age=27.23 £ 20.34 months). A total
of 3,322 children had been evaluated in
these 22 studies including 2,096 (63.09%)
boys and 1,226 (36.91%) girls. 2,213

P

children were in the non-AKI group and
1,109 subjects were categorized as AKI.
Table.2 presents a summary of the
characteristics of included studies.

Records excluded
(n=3432)

- Adult patients (n=7)
- Duplicate report (n=7)

=}
-8 Records identified through Additional records identified
_§ database searching through hand searching
= (n=5882) (n=119)
-
=]
)
=
v v
PR Records after duplicates removed
(n=3547)
£
=]
3 v
S
7] Records screened -
(n=3547) "
| —
v
Full-text articles 88 Full-text articles
-E’ assessed for eligibility ———| excluded:
= (n=115) - Not related (n=49)
5o - Review (n=12)
=
h 4
) Studies included in - Loyv quality (n=3)
qualitative synthesis - Urine assay (n=10)
(n=27)
=
@ 4
=
= Studies included in
= quantitative synthesis
(meta-analysis)
(n=27)
N

Fig.1: PRISMA flowchart of present study

3-2. Meta-analysis

3-2-1. Comparison the mean
plasma/serum level of NGAL between
the two AKI and non-AKI groups

The mean serum concentration of NGAL
was found to be significantly higher in
AKI children compared to non-AKI
subjects (SMD=2.40; 95% CI. 1.74-3.05;
P<0.001). No publication bias was found
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in evaluating the value of plasma/serum
NGAL in detection of AKI (P=0.39),
however, the heterogeneity between the
studies was found to be significant
(12=97.3%; P<0.0001) and so subgroup
analysis was performed subsequently. This
analysis showed that compared to the non-
AKI group, the plasma/serum
concentration of this protein  was
significantly higher in the first 6 hours
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(SMD=2.61; 95% CI: 1.82-3.39; P<0.001)
and in the first 7-12 hours after admission
or surgery (SMD=6.15; 95% CI. 2.08-
10.22; P=0.003) in the AKI group; but the
difference between the AKI and non-AKI
was not statistically significant in
measuring the serum level of the
biomarker 13-24 hours after admission or
surgery (SMD=1.12; 95% CI. -0.03-2.26;
P=0.06) (Figure.2).

The findings also indicated that the
plasma/serum level of NGAL significantly
increased in patients who developed AKI
after cardiac surgery (SMD=3.09; 95% CI:
2.08-4.11; P<0.001) and in asphyxiated
neonates (SMD=1.04; 95% CI: 0.30-1.41,
P<0.001), but did not change considerably
in  subjects diagnosed with  sepsis
(SMD=0.09; 95% ClI: -0.78-1.83; P=0.84).
Moreover, when AKI was defined as a
50% increase in serum creatinine (SCr)
from baseline, the serum level of NGAL
was found to be significantly higher in
AKI patients compared to the non-AKI
group (SMD=3.97; 95% CI: 2.84-5.09;
P<0.001), but the differences between the
two groups were non-significant when
AKI was defined as a 25% decrease in
estimated creatinine clearance
(SMD=0.14; 95% CI: -0.63-0.91; P=0.72)
or a rise in SCr of at least 0.3 mg/dL
(SMD=0.54; 95% CI: -0.18-1.27; P=0.14).
The findings of this section are presented
in Table.3. Meta-regression indicated that
setting of sepsis (P=0.04) and different
AKI definitions (P=0.04) were the main
factors affecting the performance value of
plasma/serum NGAL (Table.4).

3-2-2. The diagnostic value of
plasma/serum NGAL level for AKI in
children

In order to evaluate the diagnostic value of
plasma/serum NGAL level for AKI in
children, the screening performance
characteristics of this biomarker were
assessed based on the time of measurement
and the cut-off point. No publication bias
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was observed in this part of analyses
(P=0.14), but the heterogeneity was found
to be significant (12=99.3%; P<0.001).
Accordingly, the timing of measurement
was categorized into two groups of the
first 12 hours and 13-24 hours after
admission or surgery. The area under the
curve,  sensitivity,  specificity  and
diagnostic odds ratio of plasma/serum
NGAL in detection of AKI in the first 12
hours group were found to be 0.90 (95%
Cl: 0.87-0.92), 0.78 (95% CI: 0.66-0.87),
0.93 (95% ClI: 0.82-0.98) and 43.48 (95%
Cl: 15.48-122.18), respectively. The
mentioned parameters for measuring
plasma/serum NGAL 13-24 hours after
admission or surgery were 0.84 (95% CI:
0.81-0.87), 0.83 (95% CI: 0.71-0.91), 0.65
(95% CI: 0.39-0.85) and 9.26 (95% CI:
2.83 -30.32), respectively (Table.5). The
diagnostic value of plasma/serum NGAL
in different cut-off points was also
assessed. Optimum performance of this
biomarker was found with a cut-off level
of 100 mg/dL. The area under the curve,
sensitivity, specificity and diagnostic odds
ratio of plasma/serum NGAL for the 100
mg/dL cut-off level were 0.95 (95% CI:
0.93-0.97), 0.85 (95 Cl%: 0.59-0.96),
0.93(95% CI: 0.73-0.98) and 77.58 (95%
Cl: 13.08-460.02), respectively (Table.5).
In order to identify the maximum
performance of plasma/serum NGAL, the
two factors of measurement timing and
cut-off level were assessed simultaneously
in the optimum state. Based on the results
presented in Table.6, the maximum
performance of plasma/serum NGAL was
achieved when the concentration of the
biomarker was measured in the first 12
hours after admission or surgery while
considering a cut-off value of 100 mg/dL.
In this setting the area under the curve,
sensitivity, specificity and diagnostic odds
ratio of plasma/serum NGAL were
calculated to be 0.94 (95% CI: 0.91-0.95),
0.89 (95% CI: 0.70-0.97), 0.89 (95% CI:
0.68-0.97) and 48.05 (95% CI: 9.20-
251.04), respectively (Figure.3).
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Author Year

SMD (95% CI)

0-6 .
Dent 2007 1 16.62 (14.47,18.78)
Di Nardo 2013 -+ 0.18 (-1.05, 1.41)
El Farghali 2012 * 2.18(1.53,2.82)
El Raggal 2012 - 2.13(1.21,3.05)
Fadel 2012 + 2.33(1.51,3.14)
Hamed 2011 ! 0.81 (0.11, 1.50)
Hirsch 2007 X —— 9.69 (8.14, 11.25)
Hirsch 2007 ! 18.66 (15.85,21.48)
Koch 2011 * : 0.62 (0.35,0.90)
Mamikonian 2014 +i 1.35 (0.65, 2.05)
Mamikonian 2014 > : 0.58 (-0.06,1.23)
McCaffrey 2015 > 0.49 (-0.08,1.05)
Mishra 2005 ;- 5.70 (4.62, 6.78)
Parikh 2011 * 0.30 (-0.00, 0.59)
Peco-Antic 2013 * : 0.07 (-0.43,0.57)
Peco-Antic 2013 *| -1.49 (-2.03,-0.94)
Pejovic 2015 *! 0.70 (0.29, 1.12)
Pejovic 2015 *, 0.82 (0.41, 1.24)
Pejovic 2015 * : 1.09 (0.66, 1.52)
Rizk 2013 -, 0.46 (-0.45, 1.36)
Subtotal (I-squared = 97.3%, p = 0.000) 9 2.61(1.82,3.39)
. ]
7-12 :
Dent 2007 . - 11.12 (9.66, 12.59)
Fadel 2012 - 2.89(1.99,3.79)
Mishra 2005 : - 4.57 (3.65, 5.49)
Subtotal (I-squared =97.8%, p = 0.000) - 6.15 (2.08,10.22)
]
° ]
13-24 !
Dent 2007 . .- 6.24 (5.36,7.12)
Di Nardo 2013 - -0.35 (-1.59, 0.89)
Elsharawy 2016 - : -1.20 (-1.99,-0.41)
Fadel 2012 b g 2.46 (1.63,3.29)
Mamikonian 2014 - : 0.57 (-0.08,1.21)
Merrikhi 2014 - -1.89 (-2.85,-0.94)
Mishra 2005 : - 5.35(4.32,6.38)
Peco-Antic 2013 ., 0.33 (-0.18, 0.84)
Rizk 2013 - 2.12(0.99,3.25)
Sarafidis 2012 - 1.18 (-0.04, 2.40)
Smertka 2014 - -0.65 (-1.57,0.26)
Wheeler 2008 . : 0.90 (0.44, 1.37)
Yavuz 2013 - -0.51 (-1.46, 0.44)
Subtotal (I-squared = 96.3%, p = 0.000) O: 1.11 (-0.03, 2.26)
. ]
Overall (I-squared =97.3%, p=0.000) ¢ 2.40 (1.74, 3.05)
NOTE: Weights are from random effects analysis :
-21.5 0 215

ClI: Confidence interval; SMD: Standardized mean difference.

Fig.2: Standardized mean difference of plasma/serum neutrophil gelatinase-associated lipocalin
between acute kidney injured and non-injured children

Int J Pediatr, Vol.4, N.11, Serial No.35, Nov 2016

3821



Plasma NGAL and Acute Kidney Injury

O Observed Data

¢ Sensitivity = 0.89 [0.70 - 0.97]
Specificity = 0.89 [0.68 - 0.97]

— Area under the curve = 0.95 [0.93 - 0.97]

— 95% Confidence Contour

95% Prediction Contour

0.0 T 1

1.0 0.5 0.0
Specificity

0 to 24 hours

1090

O Observed Data

¢ Sensitivity = 0.87 [0.67 - 0.96]
Specificity = 0.88 [0.65 - 0.96]

— SROC Curve
Area under the curve = 0.94 [0.91 - 0.95]

— 95% Confidence Contour
95% Prediction Contour

0.0 T 1

1.0 0.5 0.0
Specificity

Fig.3: Summary receiver operating characteristic (SROC) plot of plasma/serum neutrophil gelatinase-
associated lipocalin (assessment time: 0-12 hours and 0-24 after admission or surgery) in detection of
acute Kidney injury in children

3-2-2. The diagnostic value of
plasma/serum NGAL level for AKI in
children

In order to evaluate the diagnostic value of
plasma/serum NGAL level for AKI in
children, the screening performance
characteristics of this biomarker were
assessed based on the time of measurement
and the cut-off point. No publication bias
was observed in this part of analyses
(P=0.14), but the heterogeneity was found
to be significant (12=99.3%; P<0.001).
Accordingly, the timing of measurement
was categorized into two groups of the
first 12 hours and 13-24 hours after
admission or surgery. The area under the
curve,  sensitivity,  specificity and
diagnostic odds ratio of plasma/serum
NGAL in detection of AKI in the first 12
hours group were found to be 0.90 (95%
Cl: 0.87-0.92), 0.78 (95% CI: 0.66-0.87),
0.93 (95% CI: 0.82-0.98) and 43.48 (95%
Cl: 15.48-122.18), respectively. The
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mentioned parameters for measuring
plasma/serum NGAL 13-24 hours after
admission or surgery were 0.84 (95% CI:
0.81-0.87), 0.83 (95% CI: 0.71-0.91), 0.65
(95% CI: 0.39-0.85) and 9.26 (95% CI:
2.83 -30.32), respectively (Table.5). The
diagnostic value of plasma/serum NGAL
in different cut-off points was also
assessed. Optimum performance of this
biomarker was found with a cut-off level
of 100 mg/dL. The area under the curve,
sensitivity, specificity and diagnostic odds
ratio of plasma/serum NGAL for the 100
mg/dL cut-off level were 0.95 (95% CI:
0.93-0.97), 0.85 (95 ClI%: 0.59-0.96),
0.93(95% CI: 0.73-0.98) and 77.58 (95%
Cl: 13.08-460.02), respectively (Table.5).

In order to identify the maximum
performance of plasma/serum NGAL, the
two factors of measurement timing and
cut-off level were assessed simultaneously
in the optimum state. Based on the results
presented in Table.6, the maximum
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performance of plasma/serum NGAL was
achieved when the concentration of the
biomarker was measured in the first 12
hours after admission or surgery while
considering a cut-off value of 100 mg/dL.
In this setting the area under the curve,
sensitivity, specificity and diagnostic odds
ratio of plasma/serum NGAL were
calculated to be 0.94 (95% CI: 0.91-0.95),
0.89 (95% CI: 0.70-0.97), 0.89 (95% CI:
0.68-0.97) and 48.05 (95% CI: 9.20-
251.04), respectively (Figure.3).

4- DISCUSSION

In the recent decade, the need for a
diagnostic biomarker for AKI is felt more
prominently than before.  Although,
currently SCr is used for detection of AKI,
but various limitations of this biomarker
have lead researchers to go after another
suitable indicator for this disease.
Accordingly, for the first time the present
study aimed to gather available evidence
on the diagnostic value of plasma/serum
NGAL in detection of AKI through an
analytic approach. The results of this study
showed that measuring the plasma/serum
concentration of NGAL in the first 12
hours after admission or surgery while
considering a cut-off level of 100 mg/dL
provides the highest performance.

The findings of this survey are compatible
with the results of previous meta-analyses
performed on data gathered from adult
subjects. For instance, in their evaluation
of 19 studies, Haase et al. confirmed that
the plasma/serum NGAL has an acceptable
diagnostic value for detection of AKI (15);
however, their study had some limitations
which included the few number of
included articles, not  evaluating
publication bias, high heterogeneity,
simultaneous inclusion of adults and
children and finally having passed 7 years
from their publication. Zhou et al. also
reported that plasma/serum  NGAL
provides an acceptable diagnostic value for
detection of post-cardiac surgery AKI in

Int J Pediatr, Vol.4, N.11, Serial No.35, Nov 2016

children (17). Their study was also subject
to limitations similar to that of Haase et
al.’s survey. Only 7 of their included
articles had been conducted on children
and they briefly mentioned their results
pertaining to children. In another study
Tong et al. showed the acceptable
diagnostic value of NGAL in detection of
contrast induced nephropathy (16).

The results of the present study showed the
timing of measuring plasma/serum NGAL
to be an important factor affecting its
diagnostic value for AKI. Measuring the
concentration of this biomarker in the first
12 hours after admission or surgery was
found to provide a higher prognostic value.
This finding can be attributed to the early
rise in the level of this biomarker after and
acute injury (within the first 2 hours) and
its relatively low half-life (10, 54). The
immediate increase in the serum level of
NGAL can be considered as one of the
merits of this diagnostic method which
helps the health care team of the patient to
provide immediate treatments against AKI,
leading to a decrease in the rate of its
complications.

The different cut-off values proposed by
various studies ranged from 50 to 315
mg/dL, with each providing a specific
prognostic performance. The present study
found the best cut-off level to be 100
mg/dL, granting the best balance in the
sensitivity and specificity of the diagnostic
method. To the best of our knowledge, this
is the first study presenting the optimum
cut-off level for plasma/serum NGAL
concentration for applying in the diagnosis
of AKIl in children.

Another factor that can affect the
diagnostic value of plasma/serum NGAL,
was found to be the setting in which the
patients had been evaluated. The main
settings in the included studies were
cardiac surgery, intensive care admitted
patients, asphyxia and sepsis. The results
of the present study found the diagnostic
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value of plasma/serum NGAL to be higher
in the settings of cardiac surgery and
asphyxia compared to other settings. This
finding was congruent with the reports of
Zhou et al. confirming the high diagnostic
value of plasma/serum NGAL in patients
developing AKI after cardiac surgery (17).

4-1. Limitation

One of the main limitations of this survey
was the difference in definition of AKI
between the included studies, which lead
to a significant heterogeneity between the
articles. Subgroup analysis was performed
to minimize the effect of this cofactor on
the results. Furthermore, the few number
of studies with sepsis and contrast-induced
nephropathy settings, lead to reaching
unreliable  results  considering  the
diagnostic value of plasma/serum NGAL
in these settings. All the included articles
were  observational  studies,  which
increases the risk of selection bias; an
entity that can affect the results of the
survey.

5- CONCLUSIONS

For the first time, the present meta-
analysis aimed to employ an analytic
approach to gather information on the
diagnostic value of plasma/serum NGAL
concentration in detection of AKI in
children. The results of the study indicated
that measuring the plasma level of NGAL
in the first 12 hours after admission or
surgery while considering a cut-off level of
100 mg/dL provides the best prognostic
performance for detection of AKI in
children. The high diagnostic value of this
biomarker in the first hours after admission
is one of the strengths of this method and
increases its applicability in the clinical
settings.
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Table-1: Queries used for databases searching

Database Query

1- ("Acute Kidney Injury"[Mesh] OR "Acute Kidney Injuries"[TIAB] OR "Kidney Injuries, Acute"[TIAB] OR "Kidney Injury, Acute"[TIAB] OR
"Acute Renal Injury"[TIAB] OR "Acute Renal Injuries"[TIAB] OR "Renal Injuries, Acute"[TIAB] OR "Renal Injury, Acute"[TIAB] OR "Renal
Insufficiency, Acute"[TIAB] OR "Acute Renal Insufficiencies"[TIAB] OR "Renal Insufficiencies, Acute"[TIAB] OR "Acute Renal
Insufficiency"[TIAB] OR "Kidney Insufficiency, Acute"[TIAB] OR "Acute Kidney Insufficiencies"[TIAB] OR "Kidney Insufficiencies,
Acute"[TIAB] OR "Acute Kidney Insufficiency”[TIAB] OR "Kidney Failure, Acute"[TIAB] OR "Acute Kidney Failures"[TIAB] OR "Kidney

PubMed Failures, Acute"[TIAB] OR "Acute Renal Failure"[TIAB] OR "Acute Renal Failures"[TIAB] OR "Renal Failures, Acute"[TIAB] OR "Renal

Failure, Acute"[TIAB] OR "Acute Kidney Failure"[TIAB] OR "Acute Kidney Tubule Necrosis"[TIAB]).

2- ("neutrophil gelatinase-associated lipocalin"[Mesh] OR "neutrophil gelatinase-associated lipocalin"[TIAB] OR "LCN2 protein"[Mesh] OR
"LCN2 protein"[TIAB] OR "neutrophil gelatinase associated lipocalin"[TIAB] OR "NGAL"[TIAB]).
3- (#1 AND #2).

1- 'Acute kidney injuries' OR 'kidney injuries, acute' OR 'kidney injury, acute' OR 'acute renal injury'/exp OR 'acute renal injuries' OR 'renal
injuries, acute' OR 'renal injury, acute' OR 'renal insufficiency, acute'/exp OR 'acute renal insufficiencies' OR 'renal insufficiencies, acute’
OR 'acute renal insufficiency'/exp OR 'kidney insufficiency, acute'/exp OR 'acute kidney insufficiencies' OR 'kidney insufficiencies, acute’
OR 'acute kidney insufficiency'/exp OR 'kidney failure, acute'/exp OR 'acute kidney failures' OR 'kidney failures, acute' OR 'acute renal
failure'/exp OR 'acute renal failures' OR 'renal failures, acute' OR 'renal failure, acute' OR 'acute kidney failure’'/exp OR 'acute kidney
tubule necrosis'/exp.

2- 'neutrophil gelatinase-associated lipocalin'/exp OR 'LCN2 protein'/exp OR 'neutrophil gelatinase associated lipocalin'/exp OR 'NGAL'/exp.

3- (#1 AND #2).

Embase

1- [ ( TITLE-ABS-KEY ( acute kidney injury ) OR TITLE-ABS-KEY ( acute kidney injuries ) OR TITLE-ABS-KEY ( acute renal injury) OR
TITLE-ABS-KEY ( acute renal injuries ) OR TITLE-ABS-KEY ( acute renal insufficiency ) OR TITLE-ABS-KEY ( acute renal
insufficiencies) OR TITLE-ABS-KEY ( acute kidney failure ) OR TITLE-ABS-KEY ( acute kidney failures) OR TITLE-ABS-KEY ( acute

Scopus kidney tubule necrosis) ].

2- [ ( TITLE-ABS-KEY ( neutrophil gelatinase-associated lipocalin ) OR TITLE-ABS-KEY (lcn2 protein) OR TITLE-ABS-KEY ( neutrophil
gelatinase associated lipocalin) OR TITLE-ABS-KEY ( ngal) ].

3- (#1 AND #2).
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Table-2: Characteristics of included studies

Author, year; country Setting Mean age Gender: | No-of patient AKI definition Storage Assay method Timing
(month) | (boys, n) | Non-AKI / AKI degree™ (hour)
Basu et al., 2014; USA (1) ICU admitted 42 134 185/29 Decrease in eCrCl > 50% NR ELISA 24
Dent et al., 2007; USA (2) Cardiac surgery 21.4 105 75145 50% increase in SCr -80 ELISA 2-24
Di Nardo et al., 2013; Italy (3) Sepsis 30 4 714 Decrease in eCCIl > 25 % -80 ELISA 0and 24
El Raggal et al., 2012; Egypt (4) Asphyxiated Newborn 17 18/12 Elevation of NR ELISA 6
Neonates SCr >1.5 mg/dL

El Farghali et al., 2012; Egypt (5) ICU admitted Newborn 34 26 /34 Rise SCr of > 0.3 mg/dL -20 ELISA 6
Elsharawy et al., 2016; Egypt (6) Heart failure 8 15 13/17 Rise SCr of > 0.3 mg/dL -20 ELISA 24
Fadel et al., 2012; Egypt (7) Cardiac surgery 20.75 20 21/19 50% increase in SCr NR ELISA 2-24
Hamed et al., 2011; Egypt (8) ICU admitted 11.1 19 20/15 50% increase in SCr -20 ELISA 0
Hirsch et al., 2007; USA (9) CIN 80.2 52 80/11 50% increase in SCr -80 ELISA 2and 6
Koch et al., 2011; Germany (10) Cardiac surgery 60 126 96 /122 50% increase in SCr NR ELISA 0
Mamikonian et al., 2014; USA (11) Cardiac surgery 15.5 17 24116 50% increase in SCr -80 ELISA 2-24
McCaffrey et al., 2015; UK (12) ICU admitted 36 26 25/24 50% increase in SCr -80 ELISA 0
Merrikhi et al., 2014; Iran (13) ICU admitted 48.06 18 12/13 50% increase in SCr NR ELISA 24
Mishra et al., 2005; USA (14) Cardiac surgery 41.6 45 51/20 50% increase in SCr -80 ELISA 2-24
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Parikh et al., 2011; USA (15) Cardiac surgery 45.6 171 258 /53 50% increase in SCr -80 ELISA 6
Peco-Antic et al., 2013; Serbia (16) Cardiac surgery 19.2 65 94/18 Decrease in eCCl > 25 % -80 ELISA 2-24
Pejovic et al., 2015; Serbia (17) Asphyxiated Newborn 66 35/73 Rise SCr > 0.3 mg/dL -80 ELISA 2-6
Neonates

Rizk etal., 2013; Egypt (18) Cardiac surgery 49 9 12/8 Decrease in eCCl > 25 % -80 ELISA 6 and 24
Sarafidis et al., 2012; Greece (19) Asphyxia Newborn 10 5/8 50% increase in SCr -80 ELISA 24
Smertka et al., 2014; Poland (20) Sepsis Newborn 47 68/5 Rise SCr > 0.3 mg/dL NR ELISA 24
Wheeler et al., 2008; USA (21) Sepsis 35.4 83 121/22 Scr>2 mg/dL -80 ELISA 24
Yavuz et al., 2013; Turkey (22) Burn 30.5 12 16/6 50% increase in SCr -80 ELISA 24

*Celsius; AKI: Acute kidney injury; CIN: contrast induced nephropathy; Cr: Creatinine; eCCl: Estimated creatinine clearance; ELISA: Enzyme-linked immunosorbent

assay; ICU: Intensive care unit; NR: Not reported; SCr: Serum creatinine.
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Table-3: Primary meta-analyses level of Neutrophil gelatinase-associated lipocalin (NGAL) in children

Characteristics P for publication bias Model P for heterogeneity (1%) Effect size (95% Cl) P for effect size
Overall 0.39 REM <0.001 (97.3%) 2.40 (1.74-3.05) <0.001
a) Timing of NGAL assessment

0-6 hours 0.30 REM <0.001 (97.8%) 2.61(1.82-3.39) <0.001
7-12 hours >0.99 REM <0.001 (96.3%) 6.15 (2.08 -10.22) 0.003
13-24 hours 0.76 REM <0.001 (97.3%) 1.12 (-0.03-2.26) 0.06
b) Setting

Cardiac surgery 0.09 REM <0.001 (98.0%) 3.09 (2.08-4.11) <0.001
ICU admitted patients 0.35 REM <0.001 (93.9%) 0.43 (-0.98-1.83) 0.55
Sepsis 0.18 REM 0.01 (72.8%) 0.09 (-0.78-0.96) 0.84
Asphyxia 0.19 FEM 0.07 (53.4%) 1.04 (0.30-1.41) <0.001
Other 0.21 REM <0.001 (99.0%) 6.52 (0.30-12.74) 0.04
¢) AKI definition

50% increase in SCr 0.18 REM <0.001 (98.2%) 3.97 (2.84-5.09) <0.001
Decrease in eCCl by at least 25% 0.35 REM <0.001 (86.7%) 0.14 (-0.63-0.91) 0.72
Rise SCr of at least 0.3 mg/dL 0.42 REM 0.02 (90.7%) 0.54 (-0.18-1.27) 0.14
Other >0.99 REM <0.001 (81.7%) 1.45 (0.25-2.65) 0.02

AKI: Acute kidney injury; Cl: Confidence interval; eCCl: Estimated creatinine clearance; FEM: Fixed effect model; ICU: Intensive care unit; REM: Random effect model,;

SCr: Serum creatinine.
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Table-4: Meta-regression analysis for assessment of source of heterogeneity

Variables Coef. 95% CI P-value
Sample size 0.01 -0.01-0.04 0.37
Time of assessment

0-6 hours Ref. Ref. Ref.
7-12 hours 3.12 -2.48-8.73 0.27
13-24 hours -1.93 -5.15-1.30 0.23
Setting

Cardiac surgery Ref. Ref. Ref.
Critical ill patients -2.82 -7.76-2.11 0.25
Sepsis -3.20 -8.15- -1.75 0.04
Asphyxia -2.04 -6.55-2.48 0.22
Other 3.14 -1.86-8.15 0.21
AKI definition

50% increase in SCr Ref. Ref. Ref.
Decrease in eCCl by at least 25% -3.63 -7.71-0.44 0.08
Rise SCr of at least 0.3 mg/dL -3.94 -7.80--0.09 0.04
Other -2.61 -9.13-3.91 0.42
Storage degree (Celsius)

-20 Ref. Ref. Ref.
-80 2.66 -3.56-8.87 0.39

AKI: Acute kidney injury; Coef: Meta-regression coefficient; Cl: Confidence interval; eCCl: Estimated creatinine clearance; Ref.: Reference category; SCr: Serum
creatinine.
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Table-5: Diagnostic performance characteristics of Neutrophil gelatinase-associated lipocalin (NGAL) in detection of acute kidney injury

Characteristics P for publication bias Model P for heterogeneity (1%) Effect size (95% CI)
Timing of NGAL assessment

0-12 hours

Avrea under the curve 0.08 REM <0.001 (99.0) 0.90 (0.87-0.92)
Sensitivity 0.08 REM <0.001 (81.6) 0.78 (0.66-0.87)
Specificity 0.08 REM <0.001 (93.5) 0.93 (0.82-0.98)
Positive likelihood ratio 0.08 REM <0.001 (88.1) 11.00 (4.19-28.91)
Negative likelihood ratio 0.08 REM <0.001 (89.3) 0.25 (0.16-0.41)
Diagnostic odds ratio 0.08 REM <0.001 (100.0) 43.48 (15.48-122.18)
13-24 hours

Area under the curve 0.10 REM 0.007 (76.0) 0.84 (0.81-0.87)
Sensitivity 0.10 FEM 0.24 (19.9) 0.83 (0.71-0.91)
Specificity 0.10 REM <0.001 (82.6) 0.65 (0.39-0.85)
Positive likelihood ratio 0.10 REM <0.001 (61.3) 2.40 (1.19-4.82)
Negative likelihood ratio 0.10 FEM 0.34 (10.2) 0.26 (0.14-0.49)
Diagnostic odds ratio 0.10 REM <0.001 (89.4) 9.26 (2.83 -30.32)

Cut off

Int J Pediatr, Vol.4, N.11, Serial No.35, Nov 2016

3833



Plasma NGAL and Acute Kidney Injury

> 50 mg/dI

Avrea under the curve
Sensitivity

Specificity

Positive likelihood ratio
Negative likelihood ratio
Diagnostic odds ratio

> 100 mg/dl

Avrea under the curve
Sensitivity

Specificity

Positive likelihood ratio
Negative likelihood ratio
Diagnostic odds ratio

> 150 mg/dl

Avrea under the curve
Sensitivity

Specificity

0.14

0.14

0.14

0.14

0.14

0.14

0.30

0.30

0.30

0.30

0.30

0.30

0.57

0.57

0.57

REM

REM

REM

REM

FEM

REM

REM

REM

REM

REM

REM

REM

REM

FEM

REM

<0.001 (91.0)
0.03 (65.5)
<0.001 (90.2)
<0.001 (75.9)
0.14 (44.7)

0.04 (63.4)

<0.001 (98.0)
<0.001 (94.2)
<0.001 (92.9)
<0.001 (91.5)
<0.001 (97.1)

<0.001 (100.0)

<0.001 (94.0)
0.52 (0.0)

<0.001 (98.1)

0.87 (0.84-0.90)
0.76 (0.55-0.89)
0.87 (0.59-0.97)
5.99 (1.82-19.75)
0.27 (0.15-0.50)

21.92 (7.39-65.07)

0.95 (0.93-0.97)
0.85 (0.59-0.96)
0.93 (0.73-0.98)
12.12 (2.93-50.16)
0.16 (0.05-0.51)

77.58 (13.08-460.02)

0.87 (0.83-0.89)
0.86 (0.79-0.91)

0.82 (0.43-0.96)
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Positive likelihood ratio
Negative likelihood ratio
Diagnostic odds ratio

> 315 mg/dl

Avrea under the curve
Sensitivity

Specificity

Positive likelihood ratio
Negative likelihood ratio

Diagnostic odds ratio

0.57

0.57

0.57

0.78

0.78

0.78

0.78

0.78

0.78

REM

FEM

REM

REM

FEM

REM

REM

FEM

REM

<0.001 (96.3)
0.14 (16.8)

<0.001 (99.6)

<0.001 (95.0)
0.19 (37.1)
<0.001 (96.7)
<0.001 (82.8)
0.23 (30.8)

<0.001 (100.0)

4.74 (1.12-20.05)
0.17 (0.11-0.28)

27.67 (4.76-160.88)

0.60 (0.55-0.64)
0.53 (0.42-0.64)
0.86 (0.50-0.97)
3.80 (0.89-16.32)
0.55 (0.43-0.69)

6.97 (1.39-34.96)

Cl: Confidence interval; FEM: Fixed effect model; REM: Random effect model.
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Table-6: Diagnostic performance characteristics of Neutrophil gelatinase-associated lipocalin (NGAL) assessment during 0-12 hours after admission or
operation in detection of acute kidney injury

CharaCteriStiCS P for publication bias MOdel P for heterogeneity (IZ) Eﬁect Size (95% CI)

Cut off > 100 mg/dI

Area under the curve 0.32 REM <0.001 (96.0) 0.94 (0.91-0.95)
Sensitivity 0.32 REM <0.001 (92.7) 0.89 (0.70-0.97)
Specificity 0.32 REM <0.001 (91.5) 0.89 (0.68-0.97)
Positive likelihood ratio 0.32 REM <0.001 (89.7) 7.07 (2.19-22.79)
Negative likelihood ratio 0.32 REM <0.001 (93.1) 0.15 (0.05-0.41)
Diagnostic odds ratio 0.32 REM <0.001 (199.0) 48.05 (9.20-251.04)

Cl: Confidence interval; FEM: Fixed effect model; REM: Random effect model.
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