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ABSTRACT: NO is involved in normal kidney function and per-
turbed in acute kidney injury (AKI). We hypothesized that urinary
concentration of NO metabolites, nitrite, and nitrate would be lower
in children with early AKI presenting to the emergency department
(ED), when serum creatinine (SCr) was uninformative. Patients up to
19 y were recruited if they had a urinalysis and SCr obtained for
routine care. Primary outcome, AKI, was defined by pediatric Risk,
Injury, Failure, Loss of function, End-stage renal disease (pRIFLE)
criteria. Urinary nitrite and nitrate were determined by HPLC. A total
of 252 patients were enrolled, the majority (93%) of whom were
without AKI. Although 18 (7%) had AKI by pRIFLE, 50% may not
have had it identified by the SCr value alone at the time of visit.
Median urinary nitrate was lower for injury versus risk (p � 0.03);
this difference remained significant when the injury group was com-
pared against the combined risk and no AKI groups (p � 0.01).
Urinary nitrite was not significantly different between groups.
Thus, low urinary nitrate is associated with AKI in the pediatric
ED even when SCr is normal. Predictive potential of this putative
urinary biomarker for AKI needs further evaluation in sicker
patients. (Pediatr Res 70: 203–207, 2011)

Acute kidney injury (AKI), previously referred to as acute
renal failure (ARF), is a common complication among

ambulatory and hospitalized patients (1,2). The incidence of
AKI varies from 5% in hospitalized patients to 30–82% of
patients in intensive care units (ICUs) (3,4). Children who are
or will get critically ill from AKI are likely to pass through the
emergency department (ED). From the ED perspective, know-
ing the type and/or severity of AKI will help in the judicious
usage of fluid therapy; being more liberal in administering
fluid in fluid responsive (e.g. prerenal azotemia) AKI versus
otherwise (fluid nonresponsive, e.g. acute tubular necrosis).
Early diagnosis will also help avoid usage of potential neph-
rotoxic medication in the ED.
The gold standard kidney function marker, serum creatinine

(SCr), is a poor one for AKI, only rising at a relatively late
stage of kidney injury when intervention is unlikely to be of
benefit. AKI diagnosis is currently based on SCr increase from

baseline or absolute SCr values above a certain threshold
(4–6). Recent data on urinary biomarkers for AKI in the adult
ED have shown that a single novel urinary biomarker, neu-
trophil gelatinase-associated lipocalin (NGAL), was predic-
tive of hospitalization, need for dialysis, and patient mortality,
at a time when SCr was uninformative (7). Shapiro et al. (8)
showed that in patients with suspected sepsis in the ED, an
increased plasma NGAL concentration was associated with
the development of AKI. Thus, there is potential benefit for
the discovery and validation of biomarkers for AKI in the ED
setting (9,10). We have recently shown that urinary NGAL,
independently as well as part of a panel, was able to accurately
predict AKI in the pediatric ED, even in cases where SCr was
normal (11). Ultimately, it is conceivable that a panel of
urinary biomarkers may be needed for better outcomes of
AKI. Thus, there is a significant unmet need to describe
additional early biomarkers that can be diagnostic and prog-
nostic of AKI in the pediatric ED, at a time when baseline SCr
is often unavailable.
NO, a gaseous signaling molecule, is shown to have several

functions in the kidney, depending on its concentration, site of
release, and duration of action (12). Lack of NO generation by
a specific isoform of NO synthase may reflect endothelial
damage in the kidney after ischemia-reperfusion (12,13), the
leading cause of acute tubular necrosis type of AKI. In an
adult postischemic model of AKI, urinary concentration of
NO (as measured by its metabolites nitrate and nitrite) was
markedly lower, suggesting that this was a reflection of po-
tential endothelial damage in the kidney (13). These may be
potential biomarkers for the disease. Thus, we conducted this
study to test the hypothesis that urinary concentration of NO
metabolites, nitrite, and nitrate would be decreased in early
AKI in children presenting to the ED.

METHODS

Study design, study setting, and population. We performed a cross-
sectional single-center evaluation of multiple urinary biomarkers in children
who presented to the Texas Children’s Hospital ED in Houston, TX, from
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January 1 through March 31, 2009. Patients were included if the ED physician
ordered a SCr and urine test as part of the standard of care for evaluation.
Urine was collected in the same manner in all patients using age-appropriate
techniques (catheter or fresh void). Patients were excluded if they had a
known diagnosis of chronic kidney disease including dialysis or transplanta-
tion. Patient caregivers provided informed written consent. The protocol and
consent forms were approved by the Baylor College of Medicine Institutional
Review Board before study commencement (IRB#H-24243).

Study protocol.We assessed the following data at the time of the ED visit:
patient age, gender, height, weight, ethnicity, and vital signs. We also
recorded the primary diagnosis listed on the ED visit written medical record
and categorized these diagnoses by primary organ involvement. If the patient
was admitted to the hospital, we recorded the primary medical or surgical
service of record, length of hospitalization and need for ICU admission,
and/or renal replacement therapy.

Laboratory data. Data from the ED that were required for entry into the
study included SCr and urinalysis. We also recorded any other relevant
laboratory data including complete blood counts, serum and urine electro-
lytes, and liver and pancreatic enzymes. If the patient was admitted, we
recorded subsequent SCr values obtained as part of the patient’s clinical
course; no additional laboratory values were obtained as part of this study.

Urinary biomarker assessment. Urine was obtained for biomarker assess-
ment at the time of urinalysis collection in the ED. Five milliliters of urine
was obtained, spun at 3000 rpm for 15 min, and then the supernatant decanted
into five 1-mL aliquots and stored at �80°C. Combined nitrate and nitrite
(NOx) analysis was performed in the laboratory of one of the authors (N.S.B.)
by a dedicated ENO-20 HPLC System (EiCom Corporation, San Diego, CA)
(14). This system is sensitive and selective for the measurement of NOx in all
biological matrices and has the capacity for high throughput. In brief, to
separate nitrite and nitrate, the nitrate was first reduced to nitrite through a
reaction with cadmium and reduced copper inside a reduction column. The
two resolved peaks were then mixed with Griess reagent (dinitrogen trioxide,
N2O3, generated from acidified nitrite that reacts with sulfanilamide) in-line to
form the classical diazo compound that was then detected spectrophotometri-
cally. Triplicate determinations were performed on each specimen and the
final values averaged.

AKI definition. Patients were classified by the validated pediatric Risk,
Injury, Failure, Loss of function, End-stage renal disease (pRIFLE) criteria
per which AKI outcome can be categorized as Risk, Injury, Failure, Loss of
function, or End-stage renal disease using the changes in estimated creatinine
clearance (eCCl) from baseline eCCl (4,11). Briefly, the pRIFLE criteria
grade AKI severity into pRIFLE-R (Risk; 25–50% change in eCCl),
pRIFLE-I (Injury; 50–75% change), and pRIFLE-F (Failure; �75% change).
Baseline kidney function was defined as the lowest known SCr value in the
previous 3 months. The minimal diagnostic criterion for AKI was a 25%
decrease in eCCl. Patients with no known prior SCr were assumed to have
normal baseline renal function and assigned a baseline eCCl of 120 mL/min/
1.73 m2. This cut-off was chosen because the Schwartz eCCl is known to
overestimate GFR and we have previously validated this cut-off as the most
accurate method when back calculating in patients with known baseline
creatinine values (15).

Data analysis. SPSS version 18 (SPSS Inc., Chicago, IL) was used to
perform the statistical analysis. Patient demographic characteristics were
described using frequencies for categorical variables and measures of central
tendency and dispersion for continuous variables. Distributions were explored
for absolute urinary nitrate and nitrite as well as after normalization to urinary
creatinine; all were found to be non-Gaussian in distribution. Therefore, these
measures were described using medians and compared using nonparametric
methods (Kruskal-Wallis test for multiple groups and Mann-Whitney U test
for two groups). We compared median urinary nitrite and nitrate concentra-
tions across AKI severity categorized by pRIFLE strata: 1) no AKI,
pRIFLE-R, and pRIFLE-I and 2) no AKI and pRIFLE-R combined and
pRIFLE-I. The diagnostic accuracy of normalized urinary nitrate was evalu-
ated using receiver operator characteristic (ROC) techniques.

RESULTS

Demographics and clinical follow-up data. Two hundred
fifty-two patients who met inclusion criteria were enrolled in
the study. Median age was 12 y (range 0–19 y), 50% male,
38% white, 31% Hispanic, 24% black, and 4% Asian. We
observed a high hospitalization rate of 56% (142 patients),
likely because enrollment was restricted to patients who had a
SCr assessed. The median hospital length of stay was 3 d

(range 1–39 d). Only three patients were admitted to the ICU
during hospitalization.
AKI results. The primary diagnostic categories for all the

patients enrolled in the study showed a high prevalence of
diabetic ketoacidosis (32%); gastrointestinal and infectious
disease-related diagnoses were also commonly represented
(14% each). Eighteen of the total 252 patient cohort (7.1%)
had AKI as defined by pRIFLE; 12 (5%) had pRIFLE-R and
6 (2%) had pRIFLE-I. There were miscellaneous primary
diagnoses and organ systems involved in the 18 patients with
AKI: type 1 diabetes mellitus was the commonest (17%).
Fifteen of the admitted patients (11%) had AKI; 10 (7%)

had pRIFLE-R; and 5 (4%) had pRIFLE-I. No patient had or
developed pRIFLE-F. The mean SCr was 0.6 � 0.26 mg/dL
(range 0.2–2.2 mg/dL) and mean eCCl was 154 � 40 mL/
min/1.73m2 (range 45–315 mL/min/1.73m2). Sixty patients
(24%) had a baseline SCr within the 3 months before the ED
visit. Demographic data did not differ between patients with
versus without known SCr within the 3 months before the ED
visit.
While the mean SCr was higher and corresponding mean

eCCl lower, for patients with AKI, nine of the AKI patients
had SCr �1 mg/dL and six had eCCl �90 mL/min/1.73m2 in
the ED. Thus, 33–50% of the patients with AKI calculated by
pRIFLE may not have had AKI identified by the SCr value
alone at the time of ED visit.
The rate of AKI detection by pRIFLE was higher in patients

with versus patients without a known baseline SCr (8.7 versus
4.9%, p � 0.03). Fifty-four (38%) of the hospitalized patients
had a subsequent SCr measured as part of the course of their
clinical care, none of whom developed new onset or worsen-
ing AKI.
Urinary nitrite and nitrate results. We compared urinary

biomarker concentrations for the entire 252 patient cohort
across AKI severity by pRIFLE strata. Figure 1 shows abso-
lute median urinary nitrate values in the three groups; there

Figure 1. Absolute median urinary nitrate concentrations in patients present-
ing to TCH-ED with no AKI, at risk for AKI (pRIFLE-R), and those with
injury (pRIFLE-I; n � 252 patients). Data are shown as box plots with the
heavy line in the box representing the median (50th percentile) and the ends
of the box representing 25th and 75th percentiles, respectively. Groups were
compared using the nonparametric Kruskal-Wallis test *(p � 0.03). TCH, TX
Children’s Hospital.
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was a significant decline in urinary nitrate in pRIFLE-I versus
pRIFLE-R or the no AKI groups (p � 0.033 by Kruskal-
Wallis test). Table 1 lists the results for the controls (no AKI)
and AKI patients (pRIFLE-R and pRIFLE-I) as absolute
values of nitrite and nitrate (�M) and normalized to urinary
creatinine (�g/mg Cr). Using the Kruskal-Wallis test, urinary
nitrate normalized to creatinine was significantly lower in
pRIFLE-I versus pRIFLE-R or the no AKI groups (p �
0.036). A separate analysis of urinary biomarker levels re-
vealed absolute median urinary nitrate to be significantly
lower for the injury group (pRIFLE-I) compared with the
combined risk (pRIFLE-R) and no AKI groups (p � 0.012;
Table 2). Urinary nitrate normalized to creatinine was also
significantly lower (712 �g/mg Cr in the combined group
versus 389 �g/mg Cr in pRIFLE-I; p � 0.020). Urinary nitrite
failed to show any significant differences between the AKI
versus no AKI groups.
Urinary biomarker diagnostic characteristics. Figure 2

shows the ROC curve to predict the sensitivity and specificity
of urinary nitrate for AKI and to predict the presence of
pRIFLE-I. Diagnostic accuracy using ROC curve analysis of
urinary nitrate demonstrated good accuracy, area under curve
[(AUC) 0.778; 95% CI 0.642–0.914] to predict patients with
pRIFLE-I versus patients with pRIFLE-R or without AKI.
Maximizing both sensitivity and specificity, the best cut point
for the identification of pRIFLE-I was a normalized nitrate
�410 �g/mg Cr with sensitivity 66.6% and specificity 80.9%.

DISCUSSION

Data from our study provide the first evidence that urinary
nitrate, a metabolite of NO, is associated with early AKI in the
pediatric ED setting. This is at a time when baseline kidney
function, as reflected by SCr, is normal, unchanged, or most
often, unavailable. An important aspect of our study was that

the majority of patients (75%) did not have a SCr available in
the 3 months before the ED visit. This highlights the potential
utility of a urinary biomarker to detect acute illness in the setting
of unknown baseline kidney function. Nitrate is the predominant
urinary NO-based metabolite, whereas nitrite is low to undetect-
able in urine (16). Hence, it is not surprising why nitrate and not
nitrite was the more informative of the two.
Our findings are supported by the study by Kwon et al. (13)

which showed diminished excretion of urinary NO metabo-
lites in postischemic AKI, albeit the study was done in adult
recipients of cadaveric renal allografts. Ischemia is the most
common cause of AKI in both native and transplanted kid-
neys, with cardiac arrest, sepsis, and shock exposing the
kidney to ischemic injury (13). Recent findings have sug-
gested that endothelial injury acts as a primary event leading
to renal hypoxia with disturbances in NO pathways playing a
major role (12). Studies have suggested that these metabolites

Figure 2. ROC curve for normalized urinary nitrate (�g/mg Cr) to predict the
presence of pRIFLE-I.

Table 1. Urinary nitrite and nitrate concentrations in patients by pRIFLE strata

Total

pRIFLE category

No AKI Risk Injury p*

N 252 234 12 6
Median nitrite (IQR)† (�M) 0.06 (0.00, 0.15) 0.06 (0.00, 0.14) 0.07 (0.00, 0.32) 0.10 (0.06, 0.84) 0.463
Median nitrite/Cr‡ (IQR) (�g/mg Cr) 0.06 (0, 0.23) 0.06 (0, 0.2) 0.05 (0, 0.24) 0.24 (0.03, 2.34) 0.331
Median nitrate (IQR) (�M) 512.26 (255, 1122) 550.1 (261, 1140) 394.5 (214, 1017) 192.3 (125, 339) 0.033
Median nitrate/Cr (IQR) (�g/mg Cr) 707.98 (443, 1200) 717.9 (450, 1229) 634.6 (317, 852) 389.2 (249, 591) 0.036

* Using Kruskal-Wallis test for nonparametric measures.
† Interquartile range (IQR) for medians.
‡ All values/Cr normalized per mg of Cr.

Table 2. Urinary nitrite and nitrate concentrations in patients by combined pRIFLE strata

Total

pRIFLE category

No AKI and pRIFLE-R pRIFLE-I p*

N 252 246 6
Median nitrite (IQR)† (�M) 0.06 (0.00, 0.15) 0.06 (0.00, 0.15) 0.10 (0.06, 0.84) 0.219
Median nitrite/Cr‡ (IQR) (�g/mg Cr) 0.06 (0, 0.23) 0.061 (0, 0.22) 0.244 (0.03, 2.34) 0.142
Median nitrate (IQR) (�M) 512.26 (255.75, 1122.22) 548.57 (260.85, 1134.22) 192.25 (125.50, 339.67) 0.012
Median nitrate/Cr (IQR) (�g/mg Cr) 707.98 (443.41, 1200.41) 712.38 (449.61, 1220.14) 389.19 (249.33, 591.22) 0.020

* Using Mann-Whitney U test for nonparametric measures.
† Interquartile range (IQR) for medians.
‡ All values/Cr normalized per mg of Cr.
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may be useful markers of endogenous NO synthase activity
(17). Thus, diminished urinary nitrate in patients with early
AKI may reflect diminished endothelial production of NO and
suggests targeting the NO pathway as a means to treat or
prevent the development of AKI.
The morbidity we observed was far less severe; no patients

required dialysis; only three patients required ICU admission
and we did not observe any patient mortality. However, given
that urinary nitrate was lower in patients with pRIFLE-I, we
speculate that this biomarker may detect AKI presence and
severity in more severely ill children, similar to what was
observed for a different set of urinary biomarkers, including
NGAL, in a previous study of critically ill children (18,19).
However, larger numbers of patients need to be enrolled in
more prospective studies to confirm that urinary nitrate can
predict severe outcome in children.
We attempted to distinguish sepsis or ischemic causes from

the rest, but lack of clear-cut diagnostic categories such as the
above and the small number of cases for pRIFLE-I (n � 6)
precluded adequate statistical comparison. As hydration status
was readily available, we compared urinary biomarkers be-
tween patients with and without dehydration; no significant
difference was obtained for the biomarkers NGAL and nitrate
(data not shown). Nitrate being a relatively novel urinary
biomarker prompted us to internally validate it for AKI. Using
the cutoff points from the ROC curves for the values that
corresponded to the highest diagnostic accuracy, the correla-
tion between the urinary nitrate and NGAL was 0.32. Specif-
ically, of the six patients with renal injury, five would be
correctly identified by NGAL and four by nitrate. Three would
overlap and all identify the injury.
Our study had limitations. We only had a single measure-

ment of urinary NO metabolites during the ED admission and
are thus unable to conclusively correlate changes in markers
with subsequent changes in renal function in hospitalized
patients. The number of patients with AKI in the ED was
relatively small compared with adult studies. However, our
study represents the largest single group of children with AKI
in the ED from whom urinary NO metabolites have been
assessed. We also did not observe any patients with pRIFLE-F
(Failure). Because 96% of the filtered nitrite and nitrate is
reabsorbed in the renal tubules (20), we speculate that
pRIFLE-F may be associated with an increase in urinary NO
metabolites due to reduced reabsorption. Enrolling sicker
patients will also enable us to assess if urinary NO metabolites
are associated with important patient outcome parameters
such as the need for ICU admission, renal replacement ther-
apy, hospital length of stay, or patient mortality.
Plasma and urinary levels of nitrate are extremely variable

in the individual and between individuals, mainly due to the
impact of dietary NOx and endogenous formation of NO (16).
Thus, human plasma and urinary nitrate measurements are
recommended only after a low NOx diet for at least 4 d (16).
However, given the rapid clinical setting of the ED, ensuring
a low dietary NOx state in the patient before collection of
specimens would be exceedingly hard. Furthermore, our re-
sults indicated an effect on urinary nitrate that was opposite to
what one would predict given high levels of dietary nitrate,

and thus this may be a valid tool in the ED setting. We did not
confirm return of the low urinary nitrate excretion to normal
after recovery in patients with pRIFLE-I because our study
was not designed to collect follow-up urinary specimens.
Future prospective study would be needed to elucidate this
important aspect because NO production is low in chronic
kidney disease and the low urinary nitrate excretion could
reflect chronic rather than acute kidney disease.
We are aware of overlap between the groups and the

difficulty that arises with a biomarker that is potentially diag-
nostic when the concentration is low. Our study was not
powered to determine the diagnostic accuracy of urinary
nitrate, and that coupled with the small number of patients
with pRIFLE-I likely explains the high steps on the ROC
curve in Figure 2. Our study was not designed to collect and
bank extra blood specimens for plasma AKI biomarkers, and
thus we could not attempt correlations between plasma NOx
and urinary NOx. Plasma NOx would have enabled us to
determine the fractional excretion of urinary NO metabolites,
potentially a more informative parameter. Ongoing studies
will address all the above issues.
In conclusion, our study indicates that in the pediatric ED,

decreased urinary nitrate, as a proxy for NO, may be an early
biomarker for acute AKI. Given the low prevalence of AKI in
our patient group in the ED, it is not prudent to speculate that
in all the AKI detected there was an ischemic component
given the association with low urinary nitrate. Prospective
cohort studies with larger numbers and of more severely ill
AKI patients will be required to truly ascertain if urinary nitrate
levels obtained in the ED setting can serve well to predict
important in-patient clinical outcomes. These studies will enable
us to (1) control for potential confounders such as dietary NOx
and (2) obtain plasma NOx to determine correlations with urinary
NOx in pediatric AKI. Finally, additional work is required to
determine whether diminished urinary nitrate in AKI is truly
indicative of renal endothelial dysfunction.
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