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Abstract In this review we summarize the world-wide epide-
miology of acute kidney injury (AKI) in children with special
emphasis on low-income countries, notably those of the sub-
Saharan continent. We discuss definitions and classification
systems used in pediatric AKI literature. At present, despite
some shortcomings, traditional Pediatric Risk Injury Failure
Loss and End Stage Kidney Disease (pRIFLE) and Kidney
Disease Improving Global Outcomes (KDIGO) systems are
the most clinically useful. Alternative definitions, such as
monitoring serum cystatin or novel urinary biomarkers, in-
cluding cell cycle inhibitors, require more long-term studies
in heterogenous pediatric AKI populations before they can be
recommended in routine clinical practice. A potentially inter-
esting future application of some novel biomarkers could be
incorporation into the Brenal angina index^, a concept recently
introduced in pediatric nephrology. The most reliable epide-
miological data on AKI in children come from high-outcome
countries and are frequently focused on critically ill pediatric
intensive care unit populations. In these patients AKI is often
secondary to other systemic illnesses or their treatment. Based
on a recent literature search performed within the framework
of the BAKI 0by25^ project of the International Society of
Nephrology, we discuss the scarce and often inaccurate data
on AKI epidemiology in low-income countries, notably those
on the African continent. The last section reflects on some of
the many barriers to improvement of overall health care in

low-income populations. Although preventive strategies for
AKI in low-income countries should essentially be the same
as those in high-income countries, we believe any intervention
for earlier detection and better treatment of AKI must address
all health determinants, including educational, cultural, socio-
economic and environmental factors, specific for these de-
prived areas.
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Introduction

Until recently, the absence of consensus about the definition of
acute renal failure (ARF) resulted in a wide variation of esti-
mates on the prevalence of the disease (1–25%) and mortality
attributable to it (15–60 %) [1, 2].

Several definitions and classification systems of ARF have
been proposed to resolve this confusion [3]. All of these sys-
tems are based on reports that even small absolute increases in
serum creatinine (SCr) are linked to worsening short-term and
long-term prognosis [4, 5]. The first international interdisciplin-
ary consensus criteria for a diagnosis of ARF were the Risk,
Injury, Failure, Loss, and End-stage kidney disease (RIFLE)
criteria [6] proposed by the Acute Dialysis Quality Insurance
(ADQI) group. Modifications to these criteria have been pro-
posed to better account for pediatric populations (pRIFLE) [7]
and for small changes in SCr not captured by RIFLE by the
Acute Kidney Injury Network (AKIN) criteria [8]. In parallel,
the re-naming of ARF to acute kidney injury (AKI), which
encompasses the entire spectrum of disease from small changes
in function to the requirement for renal replacement therapy
(RRT), has created a new descriptive system and extended
the number of potentially affected patients.
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Changes in the definitions of AKI in adults
and children

Table 1 summarizes the definition and staging criteria of AKI
as proposed by the Kidney Diseases: Improving Global
Outcomes (KDIGO) clinical practice guidelines workgroup
[9], and the adaptation of the RIFLE criteria [6] to pediatric
populations, the pRIFLE classification [7].

Both SCr and urinary ouput criteria are important predic-
tors of AKI, and the use of these definitions without any as-
sessment of urinary output underestimates the incidence and
grade of AKI, possibly delaying diagnosis [10–13]. Although
it is recognized that AKI can be non-oliguric, SCr may not
increase as rapidly as urine output falls; consequently, it is
advisable to have data on both criteria [14]. However, it
should be noted that numerous studies, both in adults and
children, that have used large observational datasets from ad-
ministrative or registry databases have omitted the urinary
output contribution in the definition of AKI [15]. Measuring
or monitoring daily urine output could, at least theoretically,
be an easy and cheap method for early detection of AKI in
countries with limited resources.

The KDIGO classification includes an acute decrease in
estimated glomerular filtration rate (eGFR) to <35 mL/min
per 1.73 m2 in the stage 3 criteria in individuals younger than
18 years [9]. The pRIFLE [7] uses the original Schwartz equa-
tion [16] to calculate estimated creatinine clearance. The
Schwartz formula takes the expected normal changes in SCr
into account that accompany somatic growth and is still the

most popular formula for the estimation of GFR in children
(for review [17]). The pRIFLE modification quantitates the
change in estimated creatinine clearance rather than absolute
changes in SCr as used in the adult version of RIFLE
(Table 1).

The eGFR-based pRIFLE classification appears to be more
sensitive in detecting mild functional impairment than the
AKIN or KDIGO criteria [18–20]. In the study of Lex et al.
[19], a significant number of patients were identified by
pRIFLE criteria but missed by the AKIN criteria, while 5 %
of children who were missed by the adult definitions of both
the KDIGO and AKIN guidelines were identified using the
pRIFLE classification. Several studies have assessed the prog-
nostic value of these classification systems (in terms of length
of hospital stay, costs, morbidity, and mortality) for pediatric
patients [21]. Similarly, as in adult studies, higher pRIFLE
stages are associated with unfavorable outcomes [22]. To the
contrary, Sanchez-Pinto et al. [23] recently used the KDIGO
AKI staging criteria in a heterogeneous pediatric intensive
care unit (PICU) population to analyze the dynamic change
in severity of AKI. An independent association between the
development, progression, and improvement of AKI and mor-
tality was found even after controlling for severity of illness
and other organ dysfunctions.

Although both the pRIFLE and KDIGO definitions and
staging criteria can be used in clinical practice, we believe that
the KDIGO criteria should be preferred, if only because
KDIGO is now increasingly used in the adult AKI literature,
thereby facilitating long-term studies from AKI in childhood

Table 1 Comparison between the pRIFLE acute kidney injury classification and the KDIGO classification

pRIFLE classification KDIGO classification

Category Estimated Cr clearancea Urine output Stage SCr Urine output

Risk (R) Decrease by 25 % <0.5 ml/kg/hr for 8 h 1 Rise of 0.3 mg/dL or 26.5 μmol/L
within 48 h

OR
50-99 % rise from baseline within

7 daysb

<0.5 ml/kg/h for 6–12 h

Injury (I) Decrease by 50% <0.5 ml/kg/h for 16 h 2 100–199 % increase in SCr level
from baseline within 7 daysb

(2–2.99 × baseline)

<0.5 ml/kg/h for >12 h

Failure (F) Decrease by 75 % or
< 35 mL/min per 1.73 m2

<0.3 ml/kg/h for 24 h or
anuric for 12 h

3 ≥200 % increase in SCr level from
baseline within 7 dayb

( 3.00 × baseline)
OR
Need for RRT
OR
In patients <18 years, decrease in

eGFR to ≤35 mL/min per 1.73 m2

<0.3 ml/kg/h for ≥ 4 h
OR
Anuria for ≥12 h

Cr, Creatinine; eGFR, estimated glomerular filtration rate; KDIGO, Pediatric Risk, Injury, Failure, Loss, End Stage Renal Disease; pRIFLE, Pediatric
Risk, Injury, Failure, Loss, End Stage Renal Disease criteria; RRT, renal replacement therapy; SCr, serum creatinine
a Calculated with Schwartz equation: length (cm) × K (constant)/SCr
bWhere the rise is known (based on a prior blood test) or presumed (based on the patient history) to have occurred within 7 days
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to the evolution of kidney function in adult life. It should be
noted that the KDIGO guidelines refer only to children who
are older than 1 month; they are not recommended for neo-
nates. However, before the publication of the KDIGO guide-
lines for AKI, a number of neonatal studies were performed
using the RIFLE and AKIN definitions of AKI [24, 25].

All current classification systems are based on consecutive
assessments of SCr and, therefore, suffer from a number of
general disadvantages in terms of AKI detection, particularly
in children. Staging may be influenced by age and body com-
position, nutritional and fluid status, the integrity of muscle
turnover, and the use of diuretics. For example, during the first
days of life SCr values in the neonate represent the maternal
values, with the levels depending on the degree of prematurity.
There is a considerable delay between the initial renal tissue
damage and subsequent functional impairment, and calcula-
tion of the eGFR formally requires steady-state conditions
which are often not present in patients with AKI. Also, abso-
lute changes in SCr may be of limited use in the pediatric
population where the SCr concentration is strongly age depen-
dent. Also, oligo-anuria, the other constituent of the KDIGO,
AKIN, and pRIFLE classifications, is of limited sensitivity,
particularly in neonates, since up to 60 % of neonatal AKI is
non-oliguric [26].

Prior to the establishment of the RIFLE definition and clas-
sification, an assortment of more than 35 definitions for AKI
was used [27], including those based on changes in SCr, ab-
solute levels of SCr, changes in urine output or blood urea or
blood urea nitrogen concentrations, or the need for dialysis.
The wide variation in definitions made it difficult to compare
information across studies and populations. The newer defini-
tions bring uniformity to the diagnostic criteria of AKI that
allows comparison between studies and populations. They
facilitate healthcare providers in realizing that AKI has to be
considered a spectrum of injury which extends from less se-
vere forms of injury characterized by a minimal rise in SCr to
more advanced injury when the patient with AKI may require
RRT. In general, these criteria have been found to be clinically
relevant, not only for diagnosing and classifing the severity of
AKI but also for monitoring its progression, as well as to have
a predictive capacity for short- and long-term prognosis.
However, certain limitations, as summarized above, still re-
main to be resolved.

Despite the limitations and reservations about the KDIGO
and pRIFLE definitions and classifications, we believe that
their introduction in clinical practice has been and will contin-
ue to be useful.

Cystatin C

In view of the limitations associated with SCr as a marker of
GFR, particularly in AKI, other markers, such as cystatin C

(CysC) are increasingly being used. CysC is synthesized and
released into plasma by all nucleated cells at a constant rate,
and its small size (13 kDa) and positive charge at physiologic
pH enables it to be freely filtered by the glomerulus. It is
neither secreted nor reabsorbed but undergoes almost com-
plete catabolism by proximal tubular cells, and thus little ap-
pears in the urine. With a half-life of about 2 h, serum CysC
reflects the GFR better than creatinine. Unlike SCr, CysC
concentrations are unaffected by muscle mass or sex, and they
are much less age-dependent than those of SCr. CysC concen-
trations are higher in preterm than in at-term infants and de-
cline during the first month of life, with the normal range of
adults attained soon after the first year of life. In neonates,
CysC, unlike SCr, has the particular advantage of being inde-
pendent of maternal values [28, 29]. Although the CysC level
is generally considered less subject to the non-renal variables
that impact creatinine, recent studies suggest that its levels
may be affected by various anthropometric measures as well
as by inflammatory processes, use of corticosteroids, and
changes in thyroid function, thereby potentially confounding
interpretation [30, 31].

Several studies conducted both in adults and children
[32–37] have used acute change in the CysC level to define
AKI applying the same approach of calculating percentage
changes as in methods based on SCr, but excluding the equiv-
alent of B0.3 mg/dL rise from baseline^ of the AKI stage 1 SCr
criterion. A recent analysis [38] found that SCr-defined versus
CysC-defined pediatric postcardiac surgery AKI incidence
differed substantially (43.6 vs. 20.6%). The CysC-based def-
inition was more strongly associated with the concentrations
of a number of novel tubular injury biomarkers in the urine,
such as urine interleukin 18 (IL18) and kidney injurymolecule
1 (KIM-1). To the contrary, in studies involving children ad-
mitted to a PICU, a baseline (pre-PICU) CysC value was
estimated by using the Schwartz formula-estimated baseline
eGFR using a validated CysC GFR formula [39, 40]. Lagos-
Arevalo et al. reported that CysC-AKI was not more strongly
associated with clinical outcomes, and these authors did not
support replacing SCr by CysC to define AKI [41]. We sug-
gest that in the context of defining AKI in children, CysC
should be further evaluated and that information on changes
in both SCr and CysC may be useful in future studies or in
clinical care in which it is most desirable to specify AKI di-
agnosis (e.g. new drug trials, determination of preoperative
risk, or decision to stop treatment with a nephrotoxic agent).

Novel biomarkers

Essentially three types of novel biomarkers have been identi-
fied in the field of AKI. The first group are inflammatory
biomarkers, including neutrophil gelatinase-associated
lipocalin (NGAL) and proinflammatory cytokines, such as
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IL6 and IL18. The second group includes cell injury bio-
markers, such as KIM-1, liver fatty acid binding protein,
sodium/hydrogen exchanger 3, and netrin 1. The third, more
recently identified group consists of cell cycle markers, such
as urinary tissue inhibitor of metalloproteinases-2 (TIMP-2),
and insulin-like growth factor-binding protein 7 (IGFBP-7).
Many recent in-depth reviews have summarized the charac-
teristics, the advantages, and the limitations of these bio-
markers [42–47]. It is sufficient to say that many biomarkers
reflect a general degree of severity of disease, rather than
being specific for kidney injury, or suffer from difficulties in
the analytic methodology [48]. Furthermore, biomarker stud-
ies vary in their cut-offs between positive and negative results
[49]. As a result, potential harm may occur if important inter-
ventions (i.e., computed tomography with contrast or neces-
sary administration of aminoglycosides) are delayed or with-
held based on false positive biomarker results.

The most recently developed G1 cell cycle inhibitors,
[TIMP-2]•[IGFBP7], have been identified as promising bio-
markers for the prediction of adverse outcomes, including
RRT and mortality in critically ill patients. Meersch et al.
[50] prospectively studied 51 children undergoing cardiac sur-
gery with cardio-pulmonary bypass. Twelve children (24 %)
developed AKI, and these children had a significant higher
urinary [TIMP-2]•[IGFBP7] concentration as early as 4 h after
the procedure, compared to children who did not develop
AKI, with an area under the receiver-operating characteristic
curve (ROC) of 0.85. Similar to other previously developed
biomarkers, such as NGAL [51], the cell cycle inhibitors are
good predictors of AKI in a homogenous patient population
with few or no comorbidities. Using a commercially available
immunoassay, (NephroCheck™; Astute Medical, San Diego,
CA), Westhoff et al. [52] assessed a prospective cohort of 133
subjects aged 0–18 years, including 46 patients with
established AKI according to pRIFLE, 27 patients without
AKI (non-AKI group I), and 60 apparently healthy neonates
and children (non-AKI group II). Patients in the BFailure^
stage had a median 3.7-fold higher urinary [TIMP-2]•
[IGFBP7] concentration than non-AKI subjects (P <0.001).
When analyzed for AKI etiology, the highest [TIMP-
2]•[IGFBP7] values were found in patients with septic shock
(P <0.001 vs. non-AKI I + II). ROC analyses in the AKI group
revealed that [TIMP-2]•[IGFBP7] performed well in terms of
predicting 30-day and 3-month mortality, but only modestly
for predicting RRT (area under the time-concentration curve
(AUC) 0.67; 95 % confidence interval (CI) 0.50–0.84].

However, Bell et al. [53] recently found that in adult pa-
tients admitted to the ICU, biomarker values, including the
cell cycle markers, did not predict AKI within 12–48 h and
were significantly affected by comorbidities, even in the ab-
sence of AKI. Thus, these findings challenge the robustness
and utility of cell cycle arrest biomarkers for the prediction of
AKI in general ICU patients with heterogeneous diagnoses,

differing comorbidities, and multiple sources of inflammation
[53].

As concluded in a recent excellent review [47], the use of
individual biomarkers for decision-making is currently not
defined and still measured Bbench-work^ and not Bbed-side.^
Although some of the biomarkers are highly sensitive and
specific, larger, multicenter, and long-term trials are still nec-
essary to make the transition from the analytical laboratory to
the clinic possible and eventually allow reliable decisions up-
on their positivity.

The concept of renal angina in pediatric AKI

The concept of Brenal angina^ (RA) has been developed in
analogy with the diagnostic performance of troponin as an
early, correct diagnosis of cardiac ischemia. This concept is
based on the combination of AKI risk factors and early signs
of kidney injury, both in children and adults [54]. The initial
RA proposal has a pediatric and adult definition (pRA and
aRA, respectively), with the pRA using criteria congruent
with pRIFLE and the aRA using RIFLE.

In the pediatric construct, besides clinical risk factors, the
measures of injury are based on small increases in SCr and
percentage fluid overload. The renal angina index (RAI) is
then a multiplicative result of escalating Brisk^ (sepsis, history
of transplant, use of vasoactives, and/or invasive mechanical
ventilation) and early signs of kidney dysfunction (small
changes from baseline SCr, relatively short periods of oliguria,
and/or accumulated fluid overload) (for detailed description of
the concept, see [54, 55]).

Basu and colleagues recently evaluated this concept in four
cohorts of critically ill pediatric patients and assessed the per-
formance of RA using the RAI [56] for predicting severe AKI
3 days after ICU admission. The performance of the RAI in
each of these pediatric cohorts was remarkably consistent,
with a risk prediction performance of the AUC of 0.74–0.81
and a negative predictive value of 92–99 %. Despite AUCs
comparable to those seen with many of the biomarkers which
have been examined, the positive predictive value of the RAI
was only modest during validation, partially reflecting the
lower prevalence between 10 and 19 % of severe AKI (stage
2 or 3 KDIGO on day 3 after ICU admission) in these criti-
cally ill children. Even among patients with the highest RAI
scores, only 41–67 % developed severe AKI, suggesting that
caution is still warranted before treatment decisions should be
based on the presence of RA alone [57]. It has been suggested
that the addition of novel biomarkers into the RAI may com-
plement and improve the performance of the RAI [57]. Basu
et al. [58] tested this hypothesis in a series of 214 childrenwith
sepsis. The incorporation of biomarkers significantly added to
the RA model and AKI prediction (AUC= 0.80, increased to
0.84–0.88; P < 0.05 for each). Based on these results, the
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authors of this study suggest thus that incorporation of AKI
biomarkers into the RAI improves discrimination for severe
AKI in a heterogeneous, critically ill pediatric patient popula-
tion. However, the improved discrimination based on a statis-
tically significant increase in AUC may be less impressive in
real numbers in view of the rather low incidence of AKI in this
study.

Epidemiology of AKI in the pediatric population

Dramatic rises in the incidence of AKI have been reported
over the past two decades throughout the world. Such in-
creases cannot only be explained by the introduction of more
sensitive SCr values for the diagnosis AKI, changes in coding
and reimbursement, or the increasingly availability and more
liberal use of dialysis [59]. As in adults, before the consensus
pRIFLE definition became regularly used, the description of
pediatric AKI epidemiology lacked concordance [60].

In this section we first focus on the most recently published
epidemiological studies on AKI in pediatric populations.
Whenever possible, separate data on studies with mixed pop-
ulations, hospitalized but not critically ill and ICU patients
will be analyzed. For reasons of space the epidemiology of
AKI in neonates will not be discussed. Excellent recent re-
views on this topic are available in the literature [61–63].
Second, AKI as a global concern and the role of the
International Society of Nephrology (ISN) in the prevention
of this dramatic disease will be described. Finally, difficulties
encountered in the analysis of epidemiological data on AKI in
low-income countries will be illustrated by means of a discus-
sion of recent studies originating from a number of sub-
Saharan countries.

AKI in mixed populations (critically ill and non-critically
ill patients)

Hsu and Symons [64] summarized six epidemiological studies
on pediatric, mostly critically ill patients with AKI published
between 2007 and 2009. Apart from a single study by Bailey
et al. [65] in which AKI was defined as a doubling of SCr,
resulting in a low incidence of AKI of 4.5%, pRIFLE criteria
were applied, resulting in an incidence between 35.9 and
82 %.

Based on an observational, electronic medical record-
enabled study of 14,795 hospitalizations between 2006 and
2010, Sutherland et al. [66] applied the pRIFLE, AKIN, and
KDIGO criteria—but no urine output criteria—to compare
AKI incidence and outcomes in ICU and non-ICU pediatric
populations. The reported incidences of AKI accross the co-
hort according to pRIFLE, AKIN, and KDIGO were 51.1,
37.3, and 40.3 %, respectively. Mortality was higher among
patients with AKI according to all definitions [pRIFLE 2.3 %;

AKIN 2.7 %; KDIGO 2.5 %; P <0.001 vs. no AKI (0.8–
1.0 %)]. The largest disparities between the different classifi-
cation systems were found in AKI stages 1 and 3. Incidences
of stage 3 AKI were 10.8, 6.7, and 11.7 %, respectively. The
incidences of AKI in the ICU and non-ICU populations were
similar across all three definitions. Within the ICU, pRIFLE,
AKIN, and KDIGO demonstrated progressively higher mor-
tality at each higher AKI severity stage. However, AKI stage
by any definition was not associated with differences in mor-
tality outside the ICU. Different definitions thus resulted in
differences in diagnosis and staging of AKI, with the staging
disagreement ranging from 7.5 to 23.3 %.

AKI in hospitalized but non-critically ill children

Studies on community-acquired AKI in children remain
scarce; for example, few national reports or nationwide studies
are available on the incidence of AKI in children, as studies on
this patient population are usually performed at specific cen-
ters or regions. These studies are based on limited surveillance
networks and registries and focus on the incidence in hospital
populations [67, 68].

Zappitelli et al. [69] studied the incidence, severity, and risk
factors for AKI and the factors associated with longer hospi-
talization and higher costs in 489 hospitalized but non-
critically ill children receiving aminoglycosides. AKI was de-
fined by the pRIFLE and AKIN definitions. The AKI rate was
33 and 20 % by the pRIFLE and AKIN definitions, respec-
tively. Longer treatment, higher baseline eGFR, being on a
medical (vs. surgical) treatment, and prior aminoglycoside
treatment were independent risk factors for AKI development.
The results of this study suggest that nephrotoxin-AKI repre-
sents a significant healthcare burden for hospitalized children.
As a follow-up of this study a systematic electronic health
record (EHR) screening and decision support process was
implemented; this nephrotoxin-AKI surveillance process
was associated with a 42 % reduction in AKI intensity from
33.6 to 19.5 days in AKI per 100 exposure days, suggesting
the earlier withdrawal of nephrotoxins in AKI patients led to
the decrease in AKI intensity [70]. Rheault et al. [71] applied
the pRIFLE definition in their review of medical records in 17
pediatric nephrology centers across North America, reporting
an incidence of AKI of 58.6 % in 336 children with nephrotic
syndrome. After multivariant adjustment, nephrotoxic medi-
cation exposure days and intensity of medication exposure
remained significantly associated with AKI in these children.
AKI was associated with longer hospital stay and increased
need for ICU admission. Misurac et al. [72] screened a hospi-
talized population aged ≤18 years and found that in 2.7 % of
AKI cases, the patients suffered from non-steroidal anti-in-
flammatory drug (NSAID)-associated AKI. Of the 20 children
for whom dosing data were available, 15 (75 %) received
NSAIDs within the recommended dosing limits. These
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authors found that patients aged <5 years were more likely to
require dialysis, to be admitted to the ICU, and to have a
longer length of stay [72].

Based on a cross-sectional analysis of the 2009 Kids
Inpatient Database in the USA, Sutherland et al. [73] found
an AKI incidence of 3.9/1000 pediatric admissions. Although
19 % of the AKI cohort was ≤1 month old, the highest inci-
dence was seen in children aged 15–18 years (6.6/1000 ad-
missions); 49 % of the AKI cohort was white, but AKI inci-
dence was higher among African Americans (4.5 vs. 3.8/1000
admissions). In-hospital mortality of AKI patients was
15.3 %, but higher among children aged ≤1 month. Several
associations with AKI were found, including children requir-
ing critical care or dialysis, shock, septicemia, intubation/
mechanical ventilation, circulatory disease, cardiac congenital
anomalies, and extracorporeal support. Those risk factors sug-
gest that, at least in the USA, it is more common for pediatric
AKI to occur in association with systemic/multiorgan disease
than to be due to primary renal disease [73].

A more recent U.S. study [74] calculated the AKI frequen-
cy over a 2-year period in a tertiary care children’s hospital
using KDIGO SCr criteria. The results show that a minimum
of 5 % of all non-critical inpatients without chronic kidney
disease (CKD) in pediatric wards have an episode of AKI
during routine hospital admission.

A Norwegian national survey in hospitals providing spe-
cialized care in pediatric AKI estimated an average annual
incidence rate of 3.3 cases per 100,000 children (population
numbers) and a median annual occurrence of 33 cases [75]. In
contrast with the U.S. data just described [74], nephritic syn-
dromeswere the major specific cause (44%) of AKI, followed
by hemolytic-uremic syndrome (15 %).

AKI in critically ill children

Hospital- and PICU-acquired AKI rates appear to have in-
creased by over ninefold from the 1980s through 2004 due
to increasing use of more invasive management and higher
illness severity [76]. In contrast with the literature on adult
critically ill patients, current information on pediatric patients
with AKI lacks prospective extensive multicenter and interna-
tional studies on AKI. The study of Schneider et al. [77] did
not use the pRIFLE criteria to define AKI, and the results from
that study are therefore difficult to compare with those of other
studies.

In a single-center study of 8260 ICU patients, 529 (6.4%)
had AKI on ICU admission while 974 (11.8 %) developed
AKI during their ICU course. The 28-day ICU mortality was
2.7 % for patients with no AKI and 25.3 % for patients with
AKI. Progression of AKI was independently associated with
increased mortality in the PICU, while its improvement was
associated with a stepwise decrease in mortality [23].

In a study of 60,338 critically ill children whose clinical
data were compiled in the Taiwanese National Health
Insurance program [78], AKI was identified in 850, yielding
an average incidence rate of 1.4%.Overall, 46.5% of the AKI
cases were due to sepsis, 36.1 % of the patients underwent
RRT, and the mortality rate was 44.2 %. Multivariate analysis
showed that the use of vasopressors, mechanical ventilation,
and hemato-oncological disorders were independent predic-
tors of mortality in AKI patients. Of the 474 patients who
survived, 32 (7 %) progressed to CKD or end-stage renal
disease (ESRD).

Based on data compiled in the University of Michigan
Pediatric Critical Care Database, which registers all discharges
from the PICU and cardiac ICUs (CIKU), and using the
KDIGO SCr-based criteria, Selewski et al. identified AKI in
737 (24.5 %) of 3009 discharges [79]. In the multivariate
analysis AKI was associated with increased ICU length of
stay, increased odds of ICU mortality, and increased length
of mechanical ventilation when needed. Worsening stages of
AKI were associated with increased ICU length of stay [79].

The on-going Assessment of Worldwide Acute Kidney
Injury, Renal Angina and Epidemiology (AWARE) study is
an attempt to fill the gap in global pediatric studies. The hy-
potheses of this study are that: (1) Brenal angina^, a composite
of early injury signs and risk of disease, will predict subse-
quent severe AKI in critically ill children and (2) the incorpo-
ration of urinary biomarkers into the renal angina scoring sys-
tem will improve the prediction of severe injury. The AWARE
study will provide the first prospective international pediatric
all-cause AKI data warehouse and biological sample reposi-
tory [80] (ClinicalTrials.gov: NCT01987921). The data col-
lection was completed in February 2015, but no results are as
yet available.

Many recent but small-sized studies have described the
incidence and sequelae of AKI in young patient populations
in specific high-risk settings. Cohort studies have reported
AKI due to nephrotoxic medications [20, 69, 81–84], cardiac
surgery/bypass [19, 85], and sepsis [56, 86], or AKI after
admission to an ICU [7, 20, 87–89].

Although prospective international studies on pediatric
AKI are scarce, this short overview of studies focusing mainly
on high-income countries (HICs) confirms that pediatric AKI
has evolved from a primary single renal disease to a syndrome
secondary to other systemic illnesses or its treatment.
Advances in medical management, including solid organ
and stem cell transplantation, corrective congenital heart sur-
gery, sepsis, and septic shock, have depended on medicinal
and mechanical therapeutic interventions that sometimes have
nephrotoxic side effects. Postcardiac surgery, sepsis,
multiorgan failure, hemato-oncological diseases, trauma, and
exposure to nephrotoxic agents (drugs, contrast media) are the
main causes of AKI in the critically ill child, while in the
hospitalized, non-critically ill child, exposure to nephrotoxins

1306 Pediatr Nephrol (2017) 32:1301–1314



(aminoglycosides, NSAIDs) is a major cause of AKI [90]. The
prognosis of AKI in the economically developed part of the
world is most often dependent on the associated underlying
non-renal illness. Finally, the effects of AKI are also long
lasting in survivors, with almost one-half of patients at the 3-
to 5-year follow-up having developed CKD, suggesting per-
manent alteration of the renal parenchyma [90, 91].

Overall, the variation in AKI incidence is determined by
differences in clinical settings (e.g., community, hospital, or
ICU), but even in HICs the true incidence of AKI on a broad
international scale is not well known. Community-acquired
AKI might have only one cause, whereas the disease can
result from several pathways in hospitalized patients, especial-
ly among those who are severely ill. The mortality risk in-
creases in a stepwise fashion in accordance with the stage of
disease.Many patients die from underlying comorbidities, and
the previously accepted pattern of almost complete recovery
of kidney function in survivors of AKI has been replaced by
the notion that partial recovery or non-recovery can occur,
potentially leading to CKD and even ESRD.

Global study on AKI—role of international
organizations

As described in the preceding sections of this review, a num-
ber of international studies on the epidemiology and impact of
AKI have been published, but global data are not available. In
particular, reliable epidemiological data on AKI in both adults
and children in middle- and low-income countries are scarce
[92–95]. The burden of AKI may be most significant in de-
veloping countries [96, 97] with limited resources for the care
of these patients once the disease progresses to kidney failure
necessitating RRT. Addressing the unique circumstances and
needs of developing countries, especially in the detection of
AKI in its early and potentially reversible stages to prevent its
progression to kidney failure requiring dialysis, is of para-
mount importance.

The lack of worldwide data has inspired the International
Society of Nephrology to establish the B0 by 25^ AKI initia-
tive, with the aim to prevent all avoidable deaths from AKI
worldwide by 2025 [98]. During the preparation and organi-
zation of this initiative, the Saving Young Lives (SYL) project
was started in September 2012 with a generous grant from the
Recanati-Kaplan Foundation [99] and is managed coopera-
tively by the International Society of Nephrology (ISN), the
International Society of Peritoneal Dialysis (ISPD), the
International Pediatric Nephrology Association (IPNA), and
the Sustainable Kidney Care Foundation (SKCF). This pro-
gram is not intended to collect direct data on the epidemiology
of AKI, but to provide the necessary training and educational
support for physicians and nurses in low-resource settings to
develop and establish sustainable programs to treat patients

with AKI, with an emphasis on the use of peritoneal dialysis
for those who need dialytic therapy.

The SYL consortium has, thus far, helped develop pro-
grams in Tanzania, Benin, Cameroon, and two sites in
Ghana, and has signedmemoranda of understanding to initiate
programs in Cambodia, Ethiopia, Uganda, and Ivory Coast. It
is very clear that these programs save lives and without the
support from SYL at these centers, children with AKI who
need dialytic support would die.

To explore the burden of AKI around the globe, a group of
investigators belonging to the Acute Kidney Injury Advisory
Group of the American Society of Nephrology, performed a
systematic review (2004–2012) of large cohort studies to es-
timate the world incidence of adult and pediatric AKI and its
stages of severity and associated mortality and to describe
geographic variations according to countries, regions, and
their economies [100]. A total of 312 studies were identified
(n = 49,147,878 patients), primarily in hospital settings. Of the
total of 154 studies (n = 3,585,911 patients) in the meta-
analysis that adopted a KDIGO-equivalent AKI definition,
only 24 studies in children were included. The pooled inci-
dence of AKI and pooled AKI-associated mortality rates in
children were 33.7 % (95 % CI 26.9–41.3 %) and 13.8 %
(95 % CI 8.8–21.0 %), respectively. The overall AKI-
associated mortality rate declined over time and was inversely
related to income of countries and percentage of gross domes-
tic product spent on total health expenditure. Although this
systematic review was the first successful attempt to approach
the global epidemiology of AKI, it had several limitations.
The pooled AKI incidence and mortality rates were not stan-
dardized or normalized to at-risk periods. Most studies origi-
nated from HICs situated in North America, Northern Europe,
and Eastern Asia that spent at least 5 % of the gross domestic
product on total health expenditure, and they involved hospi-
talized and often critically ill patients. Assumptions were re-
quired to harmonize definitions of AKI according to one clas-
sification and staging system and to generate pooled esti-
mates, possibly introducing biases. A large sample size was
a criterion for study inclusion, which likely excluded reports
of community-acquired AKI originating from developing
countries, especially in children, that involved small numbers
of patients. Although 85 % of the world’s younger population
lives in low- and middle-income countries (LMICs), system-
atic prospective studies from those regions are limited by
problems with communication between centers and absence
of mechanisms to collect accurate data [96, 97, 101–104].

To further refine the estimation of the worldwide epidemi-
ology of AKI, the meta-analysis by Susantitaphong and col-
leagues [100], was updated by Mehta et al. by searching for
papers using the same definitions and inclusion and exclusion
criteria [95]. The data in these latter publications were added
to the reports identified by Susantitaphong et al. [100],
resulting in a new total of 499 published studies which used
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all definitions of AKI and 266 studies which used KDIGO or
KDIGO-equivalent definitions of AKI. As a result, the sample
size increased from 49 million to more than 77 million
individuals.

Preliminary analysis of the pooled incidence by KDIGO
stage in the 266 studies that used this definition (4,502,158
patients) revealed that 21 % of hospital admissions were af-
fected and that the overall proportion of patients with AKI
who needed dialysis in KDIGO-defined studies was small
(2 % of hospital admissions; 11 % of all AKI), whereas
12 % of hospital admissions (80 % of all AKI cases) had
KDIGO stage 1. The overall pooled mortality of these 21 %
of patients is probably due to the predominance of mild stages
of AKI. However, patients with the more severe KDIGO stage
3 or those who required dialysis had a high mortality (42 vs.
46 %, with unadjusted odds ratio of 12.5 and 19.7, respective-
ly), which is in agreement with other studies.

Many reports from LMICs were not included in the meta-
analysis because they did not satisfy the inclusion or exclusion
criteria (187 papers, 89,325 patients). These reports were ag-
gregated into three LMIC regions, namely, Africa (61 studies
and 55,309 patients), Asia (92 studies and 6,993 patients), and
Latin America (33 studies and 7,023 patients). Reports on
pediatric AKI were included in the more recent meta-
analysis of Mehta et al. [95] but unfortunately not separately
analyzed so that the global epidemiology of AKI in children
could not be estimated.

Since one of the authors (NL) was responsible for the lit-
erature search on AKI in Africa, more detailed data on AKI on
this continent are provided in the following sections of this
review.

The number and age range of patients with AKI in the
African studies published between 2000 and June 2014 that
were included in the meta-analysis of Mehta et al. [95] are
shown in Table 2. The mean age of AKI patients in the adult
studies (36.7 years; range 14–96 years) is dramatically lower
than that of adult AKI patients reported in HICs (63.7 years;
range 44.9–82.5 years) [95]. Despite a lower number of
African studies on pediatric AKI patients, the sample size
(number of AKI patients per report) was higher than that in
the adult AKI studies. The mean age of children in the pedi-
atric AKI studies was 4.1 (range 0–18) years.

To illustrate the difficulties in extracting useful overall data
from these studies, Table 3 summarizes the distribution of
causes of AKI in the 21 African studies on pediatric AKI
published between 2000 and 31 July 2014. Africa is the con-
tinent with the highest number of LICs.

Table 3 illustrates that nine papers out of 21 (43 %) describe
AKI as a complication of one single disease. Half of the papers
describing AKI due to a specific disease have malaria as the
major cause, followed by intoxications due to paraphenyldiamine
and diethylglycerol.

Pediatric AKI in sub-Saharan countries

Olowu et al. very recently analyzed the outcomes of AKI in
children and adults in sub-Saharan Africa [105]. The majority
of the studies included in their analysis were also included in
the section of the ISN meta-analysis on Africa [95] so that the
interpretation and conclusions of Olowu et al. [105] overlap to
some extent those of Mehta et al. [95]. It should be noted,
however, that the number of countries and the study periods
analyzed by Olowu et al. [105] differ from those reported in
this review.

It is notable from Fig. 1, which is based on data from
Olowu et al. [105], that the spectrum of diseases associated
with AKI in countries of sub-Saharan Africa differs from that
in Western countries. While in countries of sub-Saharan
Africa, as in Western countries, sepsis is a major cause of
AKI (90 % of the infection causes), in the former malaria,
severe dehydration due to infectious gastroenteritis, and glo-
merular diseases, probably also infection-induced, are the
more prominent causes. Despite intense global and African
efforts to combat malaria, in particular the more severe forms
of this disease, such as black water fever, it still remains an
important and lethal cause of AKI in young children. A num-
ber of publications from the Democratic Republic of Congo,
Togo, and Ghana illustrate the dramatic impact of this major
problem [106–110].

Only two publications from Nigeria report the proportions
of community-acquired and hospital-acquired AKI—72.8 and
82.9%, respectively [110, 111]. However, it may be assumed
that community-acquired AKI in children [i.e., patients are

Table 2 Characteristics of the
studies on acute kidney injury in
children and adults in Africa
published between 2000 and
June 2014

Study characteristics All studies Adults Children

Number of studies 61 39 22

Sample size 579 (17–5988) 487.5 (19–5600) 759 (17–5988)

Percentage males 58.1 (6–90) 57.7 (12–90); pregnancy studies not included 58.6 (6–81)

Age of AKI patients 25.7 (0–96) 36.7 (14–96) 4.1 (0–18)

The table is constructed from data collected for the study of Mehta et al. [95]

The range is presented in parenthesis where appropriate

AKI, Acute kidney injury
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admitted to the hospitals with (sometimes) severe AKI] ac-
counts by far for the majority of AKI cases. Furthermore,
practically all publications originate from large university hos-
pitals with a nephrology service, and there are almost no data
on the incidence of AKI in vast rural areas, making the mag-
nitude and outcome of community-acquired AKI in Africa
virtually unknown. Most studies report a single-center expe-
rience, with a large minority describing AKI due to a single
disease, such as specific infections [malaria, tuberculosis, and
human immunodeficiency virus (HIV)], or exposure to toxins
or traditional remedies, without reference to the underlying
population [95].

The difficulty in estimating the incidence of AKI in African
populations is further illustrated in the recent paper by
Abdelraheem et al. [112] on AKI in Sudanese children. Over
a 7-year period 363 children living in Khartoum state and
ranging from neonates to adolescents were admitted for AKI
to the pediatric nephrology unit of Soba University Hospital,
Khartoum. The population of cosmopolitan Khartoum is
about 5.3 million, giving an estimated incidence of AKI in
the Khartoum area of 9.8 patients/million population/year,
while the estimated incidence of AKI for the whole country
of Sudan was estimated to be 2.6 patients/million population

per year. The much lower reported incidence of AKI for the
whole country is due to the very small number of children
with AKI from the provinces outside the capital and living
in rural areas who have no access to advanced medical
services. The majority of the patients were neonates (27.1%).

Many epidemiological results are skewed because of late
presentation of patients to mostly tertiary centers,
underreporting, and a reduced capacity to provide intensive
care, including RRT, to severely ill and/or late stage AKI
patients. An important weakness of all epidemiological re-
ports in Africa is the high selection bias in the described pop-
ulations; the studies are almost always retrospective and most-
ly based on data from university hospitals where a pediatric
nephrology service is present. Virtually no data on the inci-
dence of pediatric AKI in the vast rural areas of Africa are
available. There is also a large variability in the distribution of
risk factors between the different countries on a given conti-
nent, as well as large differences in healthcare facilities in
terms of diagnostic capacities and accessibility to services.

Finally, most reports are difficult to find in mainstream
journals and are therefore not readily accessible using the
usual search strategies. The recently published report of
Olowu et al. [105] is a laudable effort to highlight these short-
comings and difficulties and may hopefully result in better and
more accurate data in the future.

Table 4 summarizes data on access to RRT for pediatric
AKI patients in sub-Saharan countries between 2010 and
2014, compiled from 11 studies and adapted from Olowu
et al. [105].

As summarized in the study of Oluwu et al. [105], the
overall mortality in pediatric AKI in sub-Saharan countries
(studies between 2010 and 2014) was 34 % but rose to 79 %
when dialysis was needed but not received. The mortality
among children with AKI on dialysis was 31 %. Many
dialysis-requiring patients are managed conservatively either
because of the lack of dialysis equipment or because of finan-
cial constraints. Of all sub-Saharan countries, only in Sudan
and South Africa is dialysis as RRT funded by the government
and thus offered to all AKI patients when it is indicated. In

Table 3 Number of studies on pediatric acute kidney injury in Africa
between 2000 and July 2014

Studies Disease-specific AKI Mixed diagnoses

Number of studies 9 12

Malaria 4

Toxins 2

Burkitt disease 1

G6PD deficiency 1 (with malaria)

Neonatal asphyxia 1

The table is constructed from data collected for the study of Mehta et al.
[95]

G6PD, Glucose 6 phosphate dehydrogenase; AKI, acute kidney injury
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11
9

7
4 2 2 0

9

Fig. 1 Summary of the most important etiologies of pediatric acute
kidney injury in sub-Saharan countries (South Africa included) based
on data from Olowu et al. [105]. Numbers in bars are percentages

Table 4 Data on access to renal replacement therapy for patients with
pediatric acute kidney injury in Sub-Saharan countries between 2010 and
2014

Study characteristics Data

Total number of patients 1572

RRT needed 1042 (66 %)

RRT received 667 (64 %)

RRT received minus Sudan and South Africa* 156/509a

Compiled using data in Olowu et al. [105] (based on 11 studies)
a Access to renal replacement therapy (RTT) in Sudan and South Africa
was 98 and 100 %, respectively, because RRT is government-funded
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Rwanda, dialysis is covered by social security for a duration of
6 weeks after the initiation of RRT. When the patient does not
recover within that period RRT is stopped (N. Lameire, per-
sonal experience).

Discussion and conclusions

Data derived from HICs, using standardized definitions for
diagnosis and staging of AKI, have facilitated comparisons
of AKI incidence and outcomes in different clinical settings.
In developed countries, AKI is usually a very severe compli-
cation of critical disease, and the majority of children dying
with AKI occur among very sick patients in the ICU.
Abundant information is available on this topic.

As we have tried to demonstrate in our review, there is a
paucity of information on the prevalence, course, and out-
comes of pediatric AKI in African—mainly sub-Saharan—
countries, and we have no reason to believe that many of the
described results are different in LICs in other developing
regions of Asia and Latin America. AKI occurring in the com-
munity (e.g., due to diarrheal states, malaria) remains under-
recognized. We have a very imperfect knowledge of how
common or how costly AKI is in LMICs. Two recent global
meta-analyses [95, 100] and a very recent survey covering
sub-Saharan countries [105] have clearly demonstrated that
AKI registries are imperfect or even non-existent in these
countries. In large areas of Africa under-reporting is perva-
sive, but also quite common. Moreover, most of the available
studies on AKI burden in LMICs are limited because they
seldom provide population-based data; rather, they focus on
high-level medical centers, often the only ones offering dial-
ysis and other advanced care, and thus do not reflect the reality
of the country as a whole. While scientifically valuable, ICU-
based studies from LMICs are not helpful in providing data
which allows a reliable estimation of the population burden of
AKI in these settings. Although it may be assumed that the
majority of cases of AKI in these countries are community-
acquired, the use of registries which only compile data on
hospital-acquired cases in high-level medical centers leads to
under-reporting and skewed views on prevalence and inci-
dence. This limitation has important consequences because
these community-acquired forms of AKI are the most amena-
ble to early, inexpensive yet very effective interventions,
which are the focus of the ISN B0 by 25^ initiative.

In spite of this likelihood of frequent community-acquired
AKI, there is no reason to believe that the incidence of AKI in
LMICs is lower than that in the developed world and that the
mortality is dramatically lower [95]. In comparison to AKI
patients in HICs, the majority of individuals affected by AKI
in LMICs are younger, and many more are children. Although
the mortality among these latter patients may be lower than
that of the older, critically ill patients in HICs, AKI still creates

a huge burden of disease, not only in terms of number of
deaths, but also in terms of the development of severe, often
progressive CKD and ESRD and decreased quality of life. In
the majority of cases, families in LMICs cannot afford dialy-
sis, and many patients die untreated, while also the loss of
family members due to death or invalidity may be accompa-
nied by a huge socio-economic burden in those countries
where social security systems are often less efficient, if not
largely lacking.

Although dialysis must become more available to patients
with AKI, it is unlikely that the limited resources of such
countries will be able to afford dialysis on a large scale in
the short term. Therefore, effective, conservative and inexpen-
sive management of AKI should be the primary goal of inter-
vention. While efforts at decreasing morbidity and mortality
of AKI in rich countries has been very difficult, the incidence
and severity of AKI in poor countries may be significantly
decreased or altogether avoided by simple, inexpensive mea-
sures that can be implemented by unsophisticated caregivers.

Preventive strategies for AKI in LICs are essentially the
same as those in HICs, but their implementation in the former
pose additional and unique ethical problems. Because health
care is affected by social and economic factors, any interven-
tion needs to address all health determinants, including edu-
cational, economic, and environmental factors [93].
Expensive interventions to prevent or treat AKI could affect
the ability of a healthcare system to meet other and more
frequent needs. Conversely, the high mortality associated with
primary diseases, such as malaria, HIV/acquired immune de-
ficiency syndrome (AIDS), infectious gastro-enteritis, and
toxic self-medication, is frequently caused by serious AKI that
cannot be treated due to the lack of dialysis facilities. Because
of the scarcity of resources and the presence of overwhelming
health-related and other problems in these countries, preven-
tion of AKI injury ought to target eradication of the most
common causes (i.e., tropical and non-tropical infections), im-
prove education and socio-economic conditions, and support
healthcare infrastructure and the access to healthcare facilities.
In rural centers, primary-care physicians need to be able to
treat common causes of AKI and to organize the transfer of
individuals requiring critical care at the right time to hospitals
with the secondary and tertiary capacity to deal with AKI,
including RRT [93, 95]. AKI is often, at least in the beginning,
clinically associated with aspecific symptoms, and diagnosis
is largely based on laboratory measurements which are rarely
available in remote areas. Consequently, AKI often goes un-
recognized during a first examination by non-specialist
healthcare providers. Caregivers in the community might not
have the knowledge needed for early recognition, timely in-
tervention, and effective follow-up [113]. Innovative strate-
gies, such as outreach programs, improved transportation, in-
volvement of community healthcare workers, and strengthen-
ing of first-level health units, are needed to decrease the
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physical barriers encountered by marginalized populations
when attempting to access healthcare services. Many of the
initiatives that could lead to a decreased incidence and better
outcomes of AKI can be integrated into larger interventions to
manage pervasive regional problems. Such is the case with
campaigns to decrease the incidence of severe malaria or cam-
paigns to manage diarrheal disease with oral rehydration.
Special attention needs to be given to the promotion of
planned pregnancies with appropriate antenatal care by skilled
midwives. Overall, most preventive efforts should focus at the
primary healthcare level. In this regard, two infrequently
discussed issues related to the generous foreign aid donated
to LICs should be mentioned here. First, most aid is allocated
to disease-specific projects (termed Bvertical programming^)
rather than to broad based investments in healthcare infra-
structure, human resources, and community-oriented primary
healthcare services (Bhorizontal programming^). This unbal-
anced distribution of healthcare funding (e.g., HIV, malaria)
occurs across sub-Saharan Africa. Thus, although HIV-
positive patients receive free care, others with more routine
diseases receive poor care and still have to pay out of pocket.
Second, the salaries of healthcare providers working for
donor-funded vertical programs are often much higher than
those of equally trained government workers in the fragile
public healthcare sector in these countries. This attracts gov-
ernment workers to the higher paying vertical programs and
creates an internal Bbrain drain^. But it is the underfunded
primary healthcare clinics and healthcare centers that treat all
diseases, including common illnesses such as diarrhoea, mal-
nutrition, prenatal care, and respiratory tract infections, and
these diseases cost more individuals their lives than do HIV,
tuberculosis, and malaria.

The designers of external interventions must take into con-
sideration the local and regional customs and traditions; oth-
erwise, the interventions are bound to failure. Such is the case,
for example, of interventions to decrease the use of often
nephrotoxic traditional medications. Such interventions must
often deal not only with the toxic effects of those products, but
also with the distrust of local populations towards BWestern
medicine^. Not uncommonly, public health interventions are
hampered by local and cultural distrust of public health initia-
tives, or by the impediments generated by discrimination.

Until appropriate studies accurately measure the incidence
and consequences of AKI in LMICs, resulting in sufficient
awareness among local populations, AKI will remain largely
unrecognized in these countries. Such under-recognition re-
sults in very low attention being paid to the problem by public
healthcare workers, as well as impaired implementation of
region-wide initiatives destined to avoid the development of
AKI. Pulled in different directions by many requests and deal-
ing with limited economies, politicians and administrators do
not give the problem adequate attention and resources, and the
condition remains poorly managed. Poor recognition also

extends to primary caregivers, who have insufficient aware-
ness of the diagnosis and the management of AKI and thus fail
to rapidly implement the simple, inexpensive measures that
would have the highest beneficial impact.
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