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Abstract: The incidence of pediatric acute kidney injury (AKI) is increasing globally, as are
the associated morbidities and mortality. A recent standardization of the definition of AKI has
allowed for a more accurate assessment of the epidemiology of pediatric AKI. Recent advances in
leveraging electronic medical health record systems have allowed for real-time risk stratification
and prevention of pediatric AKI in the hospital setting. Newly developed and validated clinical
scores have improved our ability to predict AKI and provide a rational context for biomarker
utilization in hospitalized children. Novel non-invasive diagnostic and predictive biomarkers
have been launched globally to improve our ability to diagnose and predict AKI and its adverse
outcomes as well as recovery. This review summarizes the most current literature, focusing on
the epidemiology, management, and early diagnostic strategies in pediatric AKI.

Keywords: acute kidney injury, acute renal failure, children, epidemiology, biomarkers, neu-
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Introduction

Acute kidney injury (AKI) is described as a spectrum of abruptly compromised renal
functions that result in impaired balance of fluid, electrolytes, and waste products. It is
recognized as an increasingly common cause of morbidity and mortality in children.
This review summarizes the most impactful current literature, focusing on the defini-
tion, epidemiology, impact and management, and early diagnostic strategies of AKI
in the pediatric clinical and research communities.

Definition

Several definitions have been used, most notably the Risk, Injury, Failure, Loss of
kidney function, End-stage renal disease (RIFLE) criteria, the subsequent pediatric
RIFLE (pRIFLE) score, and the Acute Kidney Injury Network (AKIN) criteria. Each
of these definitions defined and staged kidney injury slightly differently, which made
comparison studies and standardized recommendations regarding management more
difficult.!

A standardized definition of AKI was proposed by the Kidney Disease: Improv-
ing Global Outcomes (KDIGO) AKI working group in 2012 and has been validated
in pediatric populations subsequently.** This definition identifies and stages AKI
based on changes in serum creatinine from baseline or urine output as detailed in
Table 1. Baseline creatinine is defined as the lowest serum creatinine value in the
previous 3 months, estimating the baseline glomerular filtration rate (GFR) using
the original Schwartz equation.” Where no previous serum creatinine measures are
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Table | KDIGO staging of AKI?

Stage Serum creatinine Urine output

Less than 0.5 mL/kg/h
for 6—12 hours

| Increase by 1.5-1.9 times baseline within
7 days
OR
Increase by >0.3 mg/dL (26.5 umol/L)
within 48 hours

2 Increase by 2—-2.9 times baseline Less than 0.5 mL/kg/h
for 212 hours

3 Increase by >3 times baseline Less than 0.3 mL/kg/h
OR for >24 hours
Increase to >4 mg/dL (353.6 pmol/L) OR
OR Anuria for 212 hours
Renal replacement therapy initiation
OR

In patients younger than 18 years,
decrease in estimated GFR to
<35 mL/min/1.73 m?

Abbreviations: KDIGO, Kidney Disease: Improving Global Outcomes; AKI, acute
kidney injury; GFR, glomerular filtration rate.

available, it is recommended to use a presumed baseline of
120 mL/min/1.73 m?2.° In the future, we may see these defini-
tions further expanded to include criteria using serum cystatin
C or urinary biomarkers such as neutrophil gelatinase-
associated lipocalin (NGAL), both of which have recently
been shown to represent earlier markers of AKI and recovery
than serum creatinine.”®

Epidemiology

Given the historical discrepancy of definitions for AKI in the
pediatric population, it has been difficult to establish consis-
tent measures of incidence and prevalence trends over time.
Additionally, most investigations had previously been limited
to small single-center retrospective studies. Assessment of
pediatric AKI epidemiology will be easier with the adoption of
standardized definitions using the KDIGO AKI staging criteria
in multiple centers worldwide. However, there will still be ongo-
ing limitations in capturing AKI cases, for example, most data
continue to focus exclusively on inpatients rather than outpatient
populations. Therefore, further studies on specific populations
at increased risk, for example, children with chronic kidney
disease, nephrotic syndrome, etc., are warranted.’

Assessment of Worldwide Acute Kidney
Injury, Renal Angina, and Epidemiology
(AWARE) — critically ill children

The AWARE study began in 2014 as a prospective obser-
vational study of AKI incidence, outcomes, and risk factor
stratification in critically ill children aged 3 months through
25 years admitted to intensive care settings in 32 hospitals

throughout Asia, Australia, Europe, and North America.'
As part of the assessment of AKI risk, the renal angina
index (RAI), which will be described in more detail later in
this review, was validated in this international population.'!
Data continue to be published from this extensive database.
Epidemiologic analysis published in November 2016 found
that the overall incidence of AKI in the 4683 critically ill
children evaluated was 26.9%, and the incidence of severe
AKI (KDIGO Stage 2 or 3) was 11.6%. Diagnosis of severe
AKI conferred an increased risk of mortality by an adjusted
odds ratio of 1.77 (95% CI, 1.17-2.68), with a mortality rate
of 11% versus 2.5% (P<0.001) in patients without severe
AKI." The benefit of including multiple criteria (both serum
creatinine and urine output) by which to increase sensitivity
was also confirmed, as 67.2% of the patients found to have
AKI by oliguria would have been missed if using serum cre-
atinine alone. Strikingly, a significant increase in mortality
was also observed (7.8% versus 2.9%, P=0.02) when severe
AKI threshold (KDIGO Stage 2 or 3) was achieved due to
oliguria compared to creatinine.'?

AWAKEN - neonates

In 2014, an interdisciplinary 24-center collaboration
developed a large retrospective cohort (the Assessment of
Worldwide Acute Kidney injury Epidemiology in Neonates
[AWAKEN]) with goals to better understand the physiol-
ogy of fluid and electrolyte balance in neonates, understand
the risk factors for AKI in this population, and validate the
KDIGO AKI definition in neonates.* Given that maternal
serum creatinine is transmitted across the placental barrier
and is cleared at varying rates based on the infant gestational
age, the KDIGO definition was altered such that baseline
creatinine was instead the lowest serum creatinine level in
each infant. In addition, the serum creatinine threshold for
Stage 3 AKI was determined to be >2.5 mg/dL rather than
the KDIGO threshold of 4 mg/dL. Preliminary data from the
AWAKEN study have revealed an AKI rate of 27% among
neonates, remarkably similar to the AWARE results. Table 2
lists a concise comparison of these landmark pediatric studies.

Management and prevention

Despite the ever-expanding body of knowledge surrounding
AKI in the pediatric population, management at this time is
still chiefly limited to reducing risk factors and providing
supportive care. There is still a lack of curative treatment. At
this time, validated strategies available in the current literature
primarily focus on injury prevention and mitigation. Table 3
lists a summary of the strategies detailed in the following.
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Table 2 Comparison of recent epidemiological studies of AKI

Table 3 AKI prevention projects

in children Study NINJA 14 RAI' 'S
Study AWARE'*"? AWAKEN* Method Automated using EHR Score calculated using
Study design Prospective, multi-center, Retrospective cohort of risk data in patients with 3+ patient demographic data

Patient
characteristics

Numbers

AKI definition

observational

Age 3 months-25 years
Admitted to pediatric
ICU

No kidney transplant in
past 90 days

No prior dialysis
Baseline-estimated GFR
>15 mL/min/1.73 m?

4683 patients

32 hospital centers
KDIGO staging, except
renal replacement
therapy was omitted from
the definition of Stage 3

Infants

Admitted to neonatal ICU
Admission by <14 days
old

IV fluids >48 hours

No cardiac surgery

<7 days old

No lethal congenital
anomalies

Survival >48 hours
2162 patients

24 hospital centers
KDIGO staging, except
baseline creatinine
defined as lowest
previous value

AND

Stage 3 creatinine
threshold of >2.5 mg/dL
(rather than 4 mg/dL)
Overall: 27%

(as it was a secondary
study outcome)

Incidence of AKI Overall: 26.9%

Severe (KDIGO Stage 2

or 3): 11.6%
Abbreviations: AKI, acute kidney injury; AWARE, Assessment of Worldwide
Acute Kidney Injury, Renal Angina and Epidemiology; AWAKEN, Assessment of
Worldwide Acute Kidney injury Epidemiology in Neonates; ICU, intensive care unit;
GFR, glomerular filtration rate; IV, intravenous; KDIGO, Kidney Disease: Improving
Global Outcomes.

Nephrotoxic Injury Negated by
Just-in-time Action (NINJA) —
reducing nephrotoxic AKI
The NINJA project piloted in 2011 at the Cincinnati Chil-
dren’s Hospital Medical Center (CCHMC) and now in use
at >15 children’s hospitals throughout the US has provided
a translatable framework for near real-time risk stratifica-
tion and prevention of AKI in the hospital setting. Under
this paradigm, a hospital pharmacist who rounds with the
inpatient care team receives a daily report (via automated
data mining of the hospital’s electronic health record) of the
patients receiving more than three nephrotoxic medications
concurrently or at least 3 consecutive days of intravenous
aminoglycoside therapy. This information is then utilized dur-
ing team rounds so that daily monitoring of serum creatinine
levels can be optimized and nephrotoxin exposure minimized
as clinically appropriate.'>!4

Since its introduction at the Cincinnati Children’s Hos-
pital, the NINJA project has shown significant and lasting
effects in decreasing the incidence of pediatric AKI in qual-

stratification nephrotoxic medications
or 3+ days of IV

aminoglycoside exposure

and clinical and laboratory
indicators at the time of
pediatric ICU admission
Intervention  Pharmacist facilitates team RAI score >8 triggers
discussion to encourage

daily serum creatinine

urinary biomarker
measurement (NGAL);
monitoring and nephrotoxin these results drive
minimization subsequent fluid/medical
management

RAI <8 has NPV of 95%
for developing severe AKI
by Day 3 of ICU admission
Abbreviations: AKI, acute kidney injury; NINJA, Nephrotoxic Injury Negated
by Just-in-time Action; RAI, renal angina index; EHR, electronic health record;
IV, intravenous; ICU, intensive care unit; NGAL, neutrophil gelatinase-associated
lipocalin; NPV, negative predictive value.

Results Nephrotoxin exposure
decreased by 38%

AKI rate decreased by 64%

ity improvement assessments. Overall, there was a decrease
by 38% in nephrotoxic medication exposure rates with AKI
rates decreased by 64%. Importantly, despite these decreases
in nephrotoxin exposures (including several antimicrobi-
als), no negative unintended consequences of persistent
bacterial or fungal infections were noted compared with
baseline rates.'

RAI — clinical AKI scoring

The RALI is another paradigm that has been proposed as a
means to better predict and intervene in pediatric AKL." In
2014, it was validated in a two-center, four-cohort study,
which utilized patient demographic data along with clini-
cal and laboratory indicators of renal injury at the time of
admission to the pediatric intensive care unit (ICU) to predict
those patients at high risk of developing severe AKI within
72 hours.!" This prediction model allows for discriminat-
ing acquisition of AKI biomarkers in appropriate patients
such that the positive predictive value of these tests can be
augmented, in much the same way that discretionary use of
troponin I in a patient with coronary angina symptomatol-
ogy allows for improved patient care and outcomes. More
concretely, utilization of this risk stratification model to
guide management of patient care in real time during the
critical early period of ICU admission improves outcomes
and decreases incidence of severe AKI.

The results of this cohort study showed that across three
of the four cohort groups, the incidence of AKI on Day 3 of
admission was significantly higher in the group assessed to
having renal angina (RAI score of >8). More helpfully, an
RAI score of >8 had a significant negative predictive value of

International Journal of Nephrology and Renovascular Disease 2017:10

submit your manuscript 79

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Ciccia and Devarajan

Dove

>95% in all three validation cohorts. Therefore, calculating
an RAI score at pediatric ICU admission can be expected to
provide context for which patients the novel AKI biomarkers
may be judiciously obtained."!

Challenges of dialysis in children

Even as there have been rapid advancements in developing
novel means of predicting and ameliorating pediatric AKI,
there remain significant challenges to its treatment and
management, especially when renal replacement therapy is
required. While peritoneal dialysis is the modality of choice,
particularly for neonates, it is unfortunately not always
available or effective, such as the case in patients with pre-
vious abdominal surgeries or infections or in those patients
requiring clearance and fluid removal more rapidly than the
exchange across the peritoneal membrane allows. Dialysis
via hemocatheter poses its own set of difficulties. Access
remains a major challenge, given the small size of pediatric
vessels. Also unique to the pediatric population, the large
relative total extracorporeal volume used in conventional
renal replacement modalities requires exposure to blood
products for blood priming in the smallest patients. Likewise,
the standard volume-based ultrafiltration measurements used
on these machines are less accurate than weight-based mea-
surements and have increased risk of inadvertent clinically
significant fluid gains or losses in small patients.

CARPEDIEM - dialysis for neonates

To address some of the limitations of using conventional
continuous renal replacement therapy (CRRT) in neonatal
patients, a 5-year prospective study was designed to develop
and implement use of a miniaturized Cardio-Renal Pediatric
Dialysis Emergency Machine (CARPEDIEM).!¢ This device
has an extracorporeal priming volume of <30 mL and accu-
rate ultrafiltration to within 1 g and has been used effectively
in an infant as small as 2.9 kg in weight. This technology,
and other advancements like it, will continue to expand
the therapies and interventions available to the smallest of
patients affected with AKI.

Novel diagnostic and predictive

biomarkers

Pediatric AKI is largely asymptomatic and often occurs in
the wake of other underlying conditions such as cardiac
surgical procedures, critical illness, and nephrotoxin use.
Making the diagnosis in the estimated 5% of all hospitalized
children and ~30% of critically ill neonates and children who
suffer from AKI and its consequences currently depends

on serial measurements of functional biomarkers such as
serum creatinine. This approach is flawed due to several
reasons.!”!? First, non-renal factors such as age, gender, diet,
muscle mass, and medications can influence serum creatinine
concentration independent of changes in kidney structure or
function. Serum creatinine in a neonate is merely reflective
of maternal creatinine for approximately the first 10 days
of life. GFR is normally low in infants, and physiological
maturation of renal function occurs until ~2 years of age.
Children with chronic conditions such as congenital heart
disease display low muscle mass, resulting in falsely low-
ered serum creatinine. Second, a previously healthy kidney
displays a significant functional reserve, such that >50% of
kidney function can be lost due to an acute damaging insult
without any change in serum creatinine. This is especially
true in the pediatric population, where the lack of chronic
comorbid conditions generally results in pristine kidneys
with maximal functional reserve. Third, a rise in serum cre-
atinine concentration accompanies any condition that leads
to transient renal hypoperfusion. These episodes of “pre-renal
azotemia” are common in children with gastrointestinal
illness and must be differentiated from the more ominous
forms of “intrinsic AKI” with accompanying structural
damage. Fourth, there is typically a lag period of hours to
days after an acute injurious event before serum creatinine
rises. During this time, structural damage is known to occur
to the kidney tubules. Accumulated experimental data have
identified several interventions that can prevent and/or treat
AKI during this “sub-clinical” phase, before the serum cre-
atinine rises. The paucity of an early biomarker of structural
AKI has hampered our ability to translate these promising
interventions to human AKI in a timely manner. The search
for biomarkers for the early diagnosis of AKI and its out-
comes is an area of intense contemporary research that has
yielded several promising candidates. A select few that are
especially pertinent to pediatric AKI are summarized in the
following and in Table 4.

NGAL

The most extensively studied and promising biomarker in
pediatric AKI is NGAL. Preclinical gene expression analyses
reported in >150 distinct studies performed in AKI models
from several species ranging from rodents to humans have
consistently revealed the NGAL gene to be one of the most
dramatically upregulated genes in the kidney soon after an
ischemic or a nephrotoxic insult.?**' The NGAL protein is
also highly induced in regenerating and recovering kidney
tubule cells.”2 NGAL binds iron; chelation of toxic iron is an
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Table 4 Novel urinary biomarkers

Biomarker Source Function Clinical utility
NGAL Distal tubule Regulates iron trafficking, e Confirmed early marker of AKI severity, renal
and collecting promotes tubule cell replacement need, mortality, and renal recovery
duct survival e Three clinical platforms available
e Results in 15-30 minutes
e Pending FDA approval
KIM-1 Proximal tubule Promotes epithelial e Delayed marker compared with NGAL
regeneration, regulates e Awaits confirmatory studies
apoptosis ® No clinical assays available
IL-18 Proximal tubule Promotes tubule cell e Predicts AKI in post-CPB
apoptosis and necrosis e No clinical assays available
L-FABP Proximal tubule Antioxidant, suppresses o Awaits confirmatory studies
tubule-interstitial damage e No clinical assays available
TIMP-2, IGFBP7 Tubule cells Limits proliferation of e AUC comparable to NGAL for predicting AKI post-CPB

damaged tubule cells

Point-of-care clinical test is FDA approved

Abbreviations: NGAL, neutrophil gelatinase-associated lipocalin; AKI, acute kidney injury; FDA, US Food and Drug Administration; KIM-1I, kidney injury molecule-1; IL-
18, interleukin-18; CPB, cardiopulmonary bypass; L-FABP, liver-type fatty acid-binding protein; TIMP-2, tissue inhibitor of metalloproteinases-2; IGFBP7, insulin-like growth

factor-binding protein 7; AUC, area under the curve.

important mechanism that protects the kidney tubules from
worsening injury. Thus, the biologic role of NGAL in AKI
is one of enhanced tubule cell proliferation and recovery.?
The induced NGAL protein is rapidly secreted into both the
urine and the plasma in animal models of AKI, and a decade
of translational studies in human beings have now established
NGAL as a biomarker to predict AKI and its adverse out-
comes independent of serum creatinine.

Cardiac surgery-associated acute kidney injury (CS-AKI)
is a common cause of AKI in children, with a reported inci-
dence of 20-60%.%* However, the increase in serum creatinine
typically occurs only 1-3 days after cardiopulmonary bypass
(CPB). As first highlighted by Mishra et al,”® a dramatic
increase in both urine and plasma NGAL is detected within
2—6 hours of CPB in children destined for AKI, with a pre-
dictive area under the receiver operating characteristic curve
(AUC) of >0.9. These findings have now been confirmed
in >7500 patients,??® with measurements obtained within
4-6 hours after initiation of CPB, yielding an overall predic-
tive pooled AUC of 0.86. The predictive performance for CS-
AKI was similar for both urine and plasma NGAL. Subgroup
analyses revealed that NGAL displays the highest predictive
accuracy for CS-AKI in children (AUC 0.89 versus 0.83 in
adults) and in subjects without pre-existing renal insufficiency
(AUC 0.87 versus 0.81 with pre-existing renal insufficiency).

Critical illness, including sepsis, is the most common
cause of AKI worldwide, with a reported incidence of
30-50%. The ability of NGAL to predict AKI in this hetero-
geneous population has been confirmed in >8500 critically
ill patients,?” with measurements obtained within 6 hours of
clinical presentation yielding an overall predictive AUC of
0.8.!! In a recent meta-analysis®® specifically examining the

value of NGAL for the prediction of AKI in patients with
sepsis, the specificity of plasma NGAL for predicting AKI
was inferior to that of urine NGAL in sepsis, although the
sensitivities and pooled AUCs were similar and promisingly
high (0.8-0.9).

Contrast-induced acute kidney injury (CI-AKI) is a
common cause of AKI, although less common in chil-
dren compared to adults. However, the increase in serum
creatinine occurs only 1-3 days after contrast administration.
As first described by Hirsch et al,* both urine and plasma
NGAL concentrations increase within 2—6 hours of contrast
administration, with a predictive AUC of >0.9. A recent meta-
analysis® of 1520 patients has confirmed the high diagnostic
accuracy of NGAL in the early detection of CI-AKI, with
measurements obtained 2—24 hours after contrast administra-
tion yielding a pooled AUC of 0.93.

An increase in serum creatinine occurs in both true
structural (intrinsic) AKI and functional volume-responsive
pre-renal azotemia or even in chronic kidney disease. It is
critical to make these distinctions in the acute setting, since
the medical management of each is different and misman-
agement is deleterious.’' Nickolas et al** first showed that
measurement of urinary NGAL at the time of initial patient
encounter can differentiate those who subsequently develop
intrinsic AKI from those who would follow a more benign
course of pre-renal azotemia, with an AUC of 0.95. These
findings have now been confirmed in studies involving >2000
patients,* confirming the diagnostic accuracy of NGAL
in the early prediction of intrinsic AKI, with AUCs in the
0.81-0.87 range.

AKI with structural nephron damage portends a number
of adverse outcomes, including worsening severity, increased
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length of hospital stay, and death. Initial single-center studies
of cardiac surgical patients by Bennett et al*® and Dent et al*’
identified the correlation of early NGAL measurements in
the urine and plasma, respectively, with severity and duration
of AKI, length of stay, dialysis requirement, and death. In a
meta-analysis of 2000 patients with predominantly cardiore-
nal syndrome,”® early NGAL measurements predicted dialysis
and death with a pooled AUC of 0.78 and 0.75, respectively.

NGAL identifies structural kidney injury in the absence
of an increase in serum creatinine. In a multicenter pooled
analysis of 10 prospective studies involving >2300 patients
with predominantly cardiorenal syndrome, ~ 20% of patients
displayed increased NGAL concentrations but no increase
in serum creatinine.’® This previously undetectable condi-
tion (termed subclinical AKI) was associated with an almost
threefold increased risk of mortality or dialysis requirement
and a doubling of median length of hospital stay. This “added
value” of NGAL measurements for the prediction of AKI
and its adverse consequences over and above clinical and
functional scores has now been repeatedly demonstrated in
several large studies involving cardiac surgical patients.?*

NGAL is protease resistant and remarkably stable in urine
and blood. Short-term storage of samples at 4°C for up to
24 hours and long-term storage at —80°C for up to 5 years
result in no clinically significant loss in the NGAL signal.*
There are currently three clinical analytic platforms for NGAL
measurement in patient samples, with results available within
15-30 minutes. These include a point-of-care immunoassay
for plasma NGAL (Alere Triage® NGAL test), a urine immu-
noassay developed for an exclusive platform (ARCHITECT;
Abbott Diagnostics), and a particle-enhanced turbidimetric
immunoassay for urine and plasma NGAL that can be run on a
large variety of standard automated clinical chemistry analyz-
ers (NGAL Test™; BioPorto Diagnostics). All of these three
tests are CE (Conformité Européene [European Conformity])
marked and launched for clinical diagnostic use worldwide,
but are currently pending US Food and Drug Administration
(FDA) approval for diagnostic use in the USA.

Kidney injury molecule-| (KIM-I)

Preclinical studies have also identified the KIM-1 gene to be
induced in the proximal tubule cells of ischemic rat kidneys.?!
In experimental AKI, KIM-1 protein regulates phagocytosis
of damaged cells and thereby limits injury.* An extracellular
domain of KIM-1 can be detected by enzyme linked immuno-
sorbent assays and is useful as a urinary biomarker in patients
with AKI. In a study of 40 children undergoing CPB, urinary
KIM-1 levels were markedly increased in the children who

developed AKI, with an AUC of 0.83 at 12 hours post-CPB
for predicting AKI, indicating that it is a delayed biomarker
of AKI compared to NGAL.* Subsequent pediatric single-
center studies have yielded conflicting results. A prospective
multi-center study of 311 children undergoing cardiac sur-
gery confirmed the delay in upregulation of urinary KIM-1
in AKI patients and showed that KIM-1 was not significantly
associated with AKI after adjusting for other injury biomark-
ers.® Elucidation of the role of KIM-1 as an AKI biomarker
awaits additional confirmatory studies. No clinical laboratory
assays for urine KIM-1 are currently available.

Interleukin-18 (IL-18)

Animal studies have shown that IL-18 is induced in the
proximal tubule and detectable in the urine following isch-
emic AKI. IL-18 represents a proinflammatory cytokine that
might worsen the degree of AKI. In children undergoing CPB,
urinary IL-18 is an early, predictive biomarker, with levels
increased at 6-hour post-CPB and an AUC of 0.75 for pre-
dicting AKI.*® Subsequent pediatric studies have confirmed
that urine IL-18 obtained 6- to 12-hour post-CPB moderately
predicts AKI, with AUCs in the 0.72—0.82 range.***' Clini-
cal assays for IL-18 measurement are not available at the
present time.

Liver-type fatty acid-binding protein
(L-FABP)

L-FABP is an anti-oxidant, renoprotective molecule induced
in the proximal tubule early after experimental AKI. In
children undergoing CPB, urinary L-FABP increases within
4 hours of initiating CPB in those destined for AKI, with a
predictive AUC of 0.81.%7 Follow-up single-center studies
in children®***! indicated that urine L-FABP levels obtained
6 hours post-CPB are predictive of AKI, with AUCs in the
0.75-0.78 range. However, a prospective multi-center study
of 311 children undergoing cardiac surgery indicated that the
increase in L-FABP was not significantly associated with AKI
after adjusting for other injury biomarkers.** Confirmation
of the role of L-FABP as a potential AKI biomarker awaits
additional confirmatory studies, and no clinical laboratory
assays are currently available.

Markers of cell-cycle arrest

Targeted proteomic approached have identified markers of
cell-cycle arrest, such as tissue inhibitor of metalloprotein-
ases-2 (TIMP-2) and insulin-like growth factor-binding
protein 7 (IGFBP7), to be induced in tubule cells after AKI.
It is postulated that the resultant cell-cycle arrest limits
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proliferation of damaged tubule cells. The product of these
TIMP-2 and IGFBP7 can be measured in the urine using a
point-of-care kit that has been approved by the FDA. In a
small study of children undergoing CPB, the urinary TIMP-1/
IGFBP7 product was increased at 4 hours post-CPB in chil-
dren who developed AKI, with an AUC of 0.85 for predict-
ing AKL*" The corresponding AUC for urinary NGAL was
reported to be comparably good at 0.87. Although promising,
additional studies are required to elucidate cell-cycle markers
as AKI biomarkers in children.

Conclusion

The investigations into how best to define, predict, diagnose,
assess, prevent, and manage the care of pediatric patients with
AKI are ongoing. Just as rapid progress over the past few years
has brought the advances and interventions highlighted here,
it can be hoped that the field continues to expand and allow
for improved treatment and prevention strategies in the future.
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