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INTRODUCTION
Advances in neonatal care have improved survival rates in crit-
ically ill neonates (1). Now the focus is turning toward reduc-
ing the long-term morbidities. Premature infants and critically 
ill neonates are at risk for chronic kidney disease (CKD), yet 
the exact pathophysiology, incidence, risk factors, and out-
comes are not yet known. Acute kidney injury (AKI) has 
emerged as a risk factor for future CKD in both pediatric (2,3) 
and adult observational studies (4,5). Animal models have 
begun to identify the pathophysiologic mechanisms that lead 
to the development of CKD after episodes of AKI (5–8). While 
there has been significant progress in studying the short-term 
implications of AKI in neonates, numerous critical gaps in our 
understanding of the epidemiology of neonatal AKI and the 
future development of CKD remain. There are no clear evi-
dence-based guidelines for the optimal follow-up of infants at 
risk for development of CKD, nor are there specific interven-
tions designed to improve outcomes. As more critically ill pre-
mature infants and neonates with AKI live into adulthood, the 
impact that neonatal health has on CKD may potentially pose 
a tremendous health and economic burden.

The neonatal AKI workshop sponsored by the National 
Institutes of Health on 9 April 2013 provided a platform for 
pediatricians, nephrologists, neonatologists, and National 
Institute of Diabetes and Digestive and Kidney Diseases 
leadership to discuss optimal ways to bridge knowledge 
gaps. The ultimate goal was to develop a new framework to 
address important questions about how kidney health in the 
neonatal intensive care unit may have short- and long-term 
consequences.

A separate white paper will discuss the challenges to defin-
ing neonatal AKI. This summary is based on workshop discus-
sions focused on the feasibility of conducting large prospective 
multicenter studies to determine the long-term renal effects of 
neonatal AKI. The following themes will be addressed in this 
report: (i) statement of the problem, (ii) key elements needed 
to conduct a long-term follow-up study, (iii) challenges, and 
(iv) opportunities.

STATEMENT OF THE PROBLEM
There are several reasons why at-risk infants may develop CKD. 
Contributing factors may include incomplete nephrogenesis, 
maternal drug exposure, intrauterine growth retardation, pre-
maturity, and AKI during the first months of life. In order for 
us to understand how neonatal AKI impacts long-term renal 
outcomes, close evaluation of other potential contributors to 
CKD needs to be understood and accounted in studies of the 
AKI to CKD paradigm in neonates.

Nephrogenesis begins at the fifth week of gestation and 
continues until 34 wk post-conception (9). Infants born at 
<34 wk of gestational age may have a paucity of nephrons (10). 
If  nephrogenesis is continuing after birth, the extrauterine 
environment may not allow for proper glomerular develop-
ment (11). Thus, premature infants <34 wk are at risk for CKD 
due to lesser number of nephron. Intrauterine growth retar-
dation affects gene expression and nephron endowment, and 
filtration surface area (12,13) are decreased in animals with 
intrauterine growth retardation. The timing of the growth 
restriction may be a key element affecting renal development.

Premature and low-birth-weight (LBW) infants are at risk for 
the development of CKD. Prematurity is <37 completed weeks 
post-conception. Late preterm is 34–36 wk, which accounts 
for ~75% of the premature infants in the United States (14). 
Most observational studies have focused on infants with LBW 
(<2,500 g) when describing the long-term implications of pre-
maturity. A recent meta-analysis of observational studies dem-
onstrated that LBW infants have approximately twice the risk 
of albuminuria, low estimated glomerular filtration rate, and 
end-stage renal disease compared with their term peers (15). 
An analysis of the National Institutes of Health–sponsored 
Chronic Kidney Disease in Children study showed that 17% of 
the cohort had a history of LBW and 13% were premature (16). 
While these studies illuminate the future risk of CKD in pre-
mature infants, they likely represent only the tip of the iceberg, 
as the smallest and most vulnerable infants were not included 
in these studies. Since the introduction of surfactant in 1987, 
survival of extremely-low-birth-weight infants (<1,000 g) is 
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now commonplace across the United States. It is very likely 
that long-term studies of these extremely premature infants 
will yield even higher rates of CKD.

AKI is a risk factor for the development of CKD (5). Research 
over the past decade has provided substantial data showing 
that AKI leads to CKD (2–8). Although the exact mechanisms 
underlying the progression from AKI to CKD continue to be 
explored, endothelial damage may play a critical role in out-
comes, leading to nephron drop-out, interstitial fibrosis, and, 
ultimately, CKD (5–17). A full review of the data on the link 
between AKI and CKD in animals and adults is beyond the 
scope of this article but has recently been performed (5).

AKI is common in critically ill neonates and is associated 
with adverse short-term outcomes. Premature infants are 
hospitalized for extended periods following birth, usually to 
around the time of the expected due date. During their hospi-
talization, premature infants are exposed to multiple risk fac-
tors for AKI, including hypotension, nephrotoxic drugs (such 
as nonsteroidal anti-inflammatory drugs and aminoglycoside 
antibiotics), and infections (e.g., sepsis, urinary tract infec-
tions). The risk for AKI in premature infants is highest in those 
with lower gestational age. The incidence of AKI in this group 
is estimated to be between 12 and 40% (18–20). Other neona-
tal cohorts at high risk of developing AKI include those with 
congenital heart disease who receive cardiopulmonary bypass, 
near-term/term sick infants requiring intensive care, neonates 
with hypoxic–ischemic encephalopathy, necrotizing enteroco-
litis, sepsis, and neonates who receive extra-corporeal mem-
brane oxygenation. Table 1 lists the incidence, risk factors, and 
outcomes of AKI described in recent cohort studies.

AKI during ongoing nephrogenesis may play an important 
role in limiting glomerular endowment and/or exacerbat-
ing abnormal development. Carefully performed studies are 
needed to better inform families, neonatologists, pediatric 
nephrologists, pediatricians, and internists about the long-
term risk of AKI for CKD in this vulnerable population.

KEY ELEMENTS NEEDED TO CONDUCT A LONG-TERM 
FOLLOW-UP STUDY
Population
Defining the population is arguably the most important deci-
sion in developing a long-term prospective cohort study. There 
are advantages and disadvantages in following an entire cohort 
of hospital survivors with and without AKI, compared with 
following only neonates with AKI. A cohort of LBW infants 
(birth weight <2,500 g) with careful records of neonatal course, 
interventions, laboratory findings, and clinical outcomes will 
be critical to assigning AKI phenotypes, allowing comparison 
of patients with and without AKI. Collection of patient demo-
graphics and characteristics (such as degree of prematurity and 
intrauterine growth) will be necessary. Evaluation of the risk 
factors for, etiology of, severity of, and duration of AKI will 
help elucidate the factors that potentially lead to CKD. This 
approach would ideally use similar infants without AKI as 
controls. This type of study could be integrated within already 
existing infrastructures (i.e., neonatal follow-up clinics).

Another approach would be to follow neonates with known 
AKI, regardless of the underlying conditions or cause of AKI. 
Such patients could be compared with a normal-term cohort. 
An advantage of this approach is that a variety of etiologies 
of neonatal AKI could be included in a single study, although 
a heterogeneous population could confound the study design 
and interpretation of results. Studying high-risk neonates may 
provide the most important information regarding long-term 
health outcomes and be economical, since not many infants 
without AKI would need to be followed. A disadvantage is that 
a true comparison group would not be included (e.g., infants 
with cardiac lesions without AKI), and thus the long-term out-
comes of AKI could be compared only across different types or 
degrees of AKI.

Whether a specific neonatal population is followed, or whether 
neonatal groups with AKI of different etiologies are followed, 
appropriate comparison groups will be needed. There have been 
a handful of older studies demonstrating possible relationships 
between neonatal AKI and longer-term outcomes (21). Since 
control populations were lacking, conclusions regarding inci-
dence, risk factors, and relative risk could not be made.

It seems appropriate to exclude neonates with cardiac trans-
plantation, known severe congenital renal anomalies, inborn 
errors of metabolism, lethal chromosomal abnormalities, or 
those in whom survival was not anticipated from any cohort 
assembled to assess long-term complications of AKI.

Sample Size
A follow-up study of CKD in at-risk infants will need a large 
sample size. A few previous studies were clearly underpowered. 
Morgan et al. (22) evaluated 264 neonates having complex cardiac 
surgery and demonstrated differences in growth and 2-y health 
utilization outcomes between neonates with and without AKI. 
The study, however, was not powered to elucidate differences in 
mortality or CKD. Although precise sample size calculations are 
difficult to perform without a specific study design in mind, the 
group estimated that it may take 1,000–1,500 hospital survivors 
to provide sufficient power. If each center enrolls an average of 40 
patients per year (80 over 2 y), it would take ~12–18 centers to 
enroll the needed number of participants for such a study.

Exposure Variables
Besides gathering maternal and infant demographic and clini-
cal information, clinical interventions, and comorbidities, it 
will be critical to ascertain whether AKI occurred during the 
neonatal course. A minimum number of serum creatinine 
concentration measurements will be needed to minimize 
ascertainment bias. Without serum creatinine values, one 
would not know if AKI occurred based on current definitions. 
Therefore, serum creatinine would need to be measured at 
least several times per week, if not daily.

Classification of the severity of AKI into stages according to 
empiric neonatal AKI definitions (stage 0, 1, 2, and 3 corre-
sponding to no, mild, moderate, and severe AKI) may be ben-
eficial. Evaluation of both kidney damage (measured by urine 
biomarkers) as well as changes in kidney function (measured 
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by serum creatinine and/or urine output) may help eluci-
date which infants are at risk for long-term kidney damage. 
Evaluation of similar newborns without AKI will be necessary 
to make proper conclusions.

Outcome Measurements
The most important outcome measurements are glomerular 
filtration rate (GFR) and blood pressure. Both are meaning-
ful measurements to track because early identification of 
abnormal GFR and hypertension are critical to reduction of 
the morbidity and mortality associated with these conditions. 
Furthermore, these are areas that may allow for intervention 
to improve long-term outcomes, such as with antihyperten-
sive medications or with inhibitors of the renin–angiotensin–
aldosterone system. These diminished GFR and increased 
blood pressure could serve as targets for evidence-based 

monitoring of high-risk infants throughout childhood. As the 
renin–angiotensin–aldosterone system is involved in normal 
nephrogenesis and interventions from maternal medications 
that block this system have been shown to cause congeni-
tal renal abnormalities, a careful evaluation to determine 
whether angiotensin receptor blocker and/or angiotensin-
converting enzyme inhibitors are beneficial will be needed 
prior to widespread use.

Secondary outcome measurements could include a variety 
of tests that would augment the knowledge regarding AKI and 
the transition from AKI to CKD. These include microalbu-
minuria determined on a first morning urine sample, a renal 
ultrasound, evaluation of tubular function (ability of tubules 
to properly reabsorb sodium, phosphorus, magnesium, cal-
cium, potassium, and water), growth and growth velocity, and 
neurodevelopmental assessments (as appropriate depending 

Table 1. Studies on neonatal acute kidney injury

Study Population Definition
AKI 
incidence AKI risk factors Conclusions

Askenazi 
et al. (34)

Very-low-birth-weight 
infants (N = 195)

AKIN 
criteria

Matched 
case–control 
study

Receive chest compressions, receive 
cardiac drugs, intraventricular hemorrhage

AKI is associated with increased 
mortality after adjustment for 
confounders

Gadepalli 
et al. (35)

Congenital diaphragmatic 
hernia on extracorporeal 
membrane oxygenation 
(N = 68)

RIFLE 
criteria

71% Lower 5-min Apgar score, AKI correlated 
with left-sided congenital diaphragmatic 
hernia

Increased risk of mortality at highest 
level of AKI (failure)

Kaur et al. 
2011 (36)

Perinatal asphyxia (N = 36) AKIN 
criteria

41.7% Severe asphyxia (Apgar < 3 at 1 min) Modern definitions (AKIN) capture 
AKI previously missed by previous 
standard of SCr > 1.5 mg/dl

Koralkar 
et al. (19)

Very-low-birth-weight 
infants (N = 229)

Neonatal 
KDIGO 
criteria

18% Lower birth weight, lower gestational 
age, lower Apgar scores, UAC, mechanical 
ventilation, inotrope support

AKI associated with increased 
mortality independent of severity of 
illness

Askenazi 
et al. (37)

Sick near-term neonates 
(N = 58)

Neonatal 
KDIGO 
criteria

15.6% Lower birth weight, male, lower 5 min 
Apgar, lower cord pH, mechanical 
ventilation

AKI associated with increased 
mortality and positive fluid balance

Alabbas 
et al. (38)

Cardiac surgery <28 d  
(N = 122)

AKIN 
criteria

62% Open heart surgery, cardiopulmonary 
bypass time ≥120 min, ECMO, vasopressor 
use

Severe AKI (stage III) associated with 
increased length of stay and mortality, 
after adjusting for severity of illness

Selewski 
et al. (39)

Perinatal asphyxia (N = 96) Neonatal 
KDIGO 
criteria

38% Asystole at the time of birth, clinical 
seizures before cooling, persistent 
pulmonary hypertension, elevated 
gentamicin or vancomycin levels, pressor 
support, transfusions

AKI predicted prolonged mechanical 
ventilation, increased length of stay, 
and abnormal brain MRI findings at 
7–10 d of life

Zwiers 
et al. (40)

Extracorporeal membrane 
oxygenation <28 d  
(N = 242)

RIFLE 
criteria

64% Younger age at initiation, lack of pre-ECMO 
inhaled nitric oxide

Increased risk of mortality at highest 
level of AKI (failure)

Rhone 
et al. (41)

Very-low-birth-weight 
infants (N = 107)

Neonatal 
KDIGO 
criteria

26.2% Nephrotoxic exposure AKI associated with nephrotoxic 
medication exposure

Morgan 
et al. (22)

Cardiac surgery ≤6 wk  
(N = 264)

AKIN 
criteria

64% Lower age, longer CPB time, hypothermic 
circulatory arrest, type of repair, lower 
gestational age, and preoperative 
ventilation

AKI independently predicts lower 
height z-score and greater number of 
specialist visits at 2 y

Carmody 
et al. (20)

Very-low-birth-weight 
infants (N = 455)

Neonatal 
KDIGO 
criteria

39.8% Lower gestational age, lower birth weight, 
lower Apgar (1 and 5 min), higher CRIB II 
score

AKI associated with increased length 
of stay and mortality, adjusted for 
severity of illness

AKI, acute kidney injury; AKIN, acute kidney injury network; CPB, cardiopulmonary bypass; CRIB, clinical risk index for babies; eCMO, extra-corporeal membrane oxygenation; KDIGO, 
kidney disease improving global outcomes; MRI, magnetic resonance imaging; RIFLe, risk, injury, failure, loss, end-stage criteria; sCr, serum creatinine; UAC, umbilical artery catheter.
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on the age of the infant or child). Table 2 provides examples 
of the types of tests and potential schedule of a long-term 
follow-up study.

Exploratory evaluations could include tests that show sig-
nificant promise. New imaging and biomarker discoveries are 
very promising methods to track renal damage and injury pro-
gression and could serve as potential surrogate outcomes of 
CKD. These have been identified in research settings in unique 
populations but have not been explored in young children. For 
example, resolution of renal magnetic resonance imaging is so 
precise that measurement of nephron number is possible (23).

Although the field of CKD biomarkers is in its infancy, we 
anticipate that several biomarkers could be used to assess and 
track disease progression and response to therapy in pediat-
ric patients with neonatal AKI and CKD (24,25). Hair and 
nail samples can be useful to assess heavy metal exposure and 
other potential causes of CKD. Collection of DNA may help 
elucidate genetic loci associated with CKD and its progression. 
Geospatial variables may help elucidate whether environmen-
tal/social factors affect CKD outcomes in this cohort. Urine 
and serum specimens should be biobanked for future research 
as the fields of proteomics and metabolomics develop. As such, 
any study that moves forward should have a biorepository as a 
key component (26).

The renal functional reserve test may be an excellent way to 
determine changes in renal function before changes in total 
nephron GFR occur. This test measures the differences in GFR 
before and after a stimulus designed to increase GFR. Those 
with renal reserve will increase GFR, while those without an 
increase are assumed to be functioning at maximal renal func-
tion due to single nephron hyperfiltration. Although these 
studies have been around available for more than for 30 y (27), 
they are used infrequently, due to the time and effort required 
to conduct these tests. Simpler methods to assess renal func-
tional reserve (such as measuring cystatin C before and after 

a protein load) and methods to provide a large protein load 
(such as ingestion of a beef hamburger or a protein shake) are 
currently being tested. The renal functional reserve may one 
day be an excellent method to assess single-nephron hyperfil-
tration early in life. The specific type of protein load used will 
need to be determined for different age ranges.

Study Duration
There was agreement that children should be followed serially, 
including an evaluation potentially until 17–18 y of age (a criti-
cal point in the transition of medical care). This would be very 
beneficial for the development of clear guidelines for evalua-
tion and care in this at-risk population.

CHALLENGES
Few large, high-quality interventional or observational stud-
ies are conducted with children compared with adults. 
Performing clinical trials in children is challenging and sub-
stantially different than adult studies in terms of recruitment 
challenges, operational feasibility, and ethical considerations. 
Following infants through early childhood and school years 
can be difficult. Strategies to enhance adherence and retention 
(for example study visits could be organized to minimize dis-
ruption in parent employment, school attendance, and family 
routine) might play critical roles in enhancing the feasibility of 
longitudinal studies.

In addition, ethical issues in pediatric trial design need to be 
addressed to ensure that conduct of pediatric trials is safe and 
appropriate. For example, in pediatric studies, if a procedure 
does not provide any direct benefit, it must be classified as very 
low risk (28). Institutional review boards will not allow a study 
to be conducted unless such criteria are met. Thus, pediatric 
studies require expertise in pediatric clinical trial methodol-
ogy, physiologic developmental issues, and assent and consent, 
as well as ethical issues (29). Despite these challenges, success-
ful clinical research studies that follow infants for years after 
hospital discharge have been performed (30,31). Such stud-
ies provide the necessary evidence-based information which 
serves to guide worldwide clinical practice of neonatal care.

Recruitment and retention for long-term studies into child-
hood is challenging and requires continuous, close contact 
with the infant’s family and “buy-in” from the family into 
the proposed research. The relationship among the follow-
up coordinator, social services, and the family is crucial to 
maintain a high longitudinal participation rate. Research 
networks such as the National Institute of Child Health and 
Human Development (NICHD) Neonatal Research Network 
(NRN) have consistently achieved a follow-up rate of ≥90% at 
2 y and beyond. It is critical that particular attention be given 
to specific populations in whom recruitment may be low and 
loss to follow-up may be high. One such group is neonates of 
low socioeconomic status. In accordance with institutional 
review board regulations, consideration should be given to 
ensure adequate representation of neonates from all socioeco-
nomic strata. Referral patterns and center-specific recruitment 
and retention practices need to be considered. An effective 

Table 2. Example timeline of evaluation of outcomes for premature 
infants with AKI

Test
Prior to 
hospital D/C 6 mo 2 y 6 y 12 y 18 y

eGFR X X X X X X

Iohexol GFR — — — X X X

Manual BP X X X X X X

ABPM — — — X X X

Urine ma/cr X X X X X X

RFR — — X — — X

Ultrasound X — X X — X

Assessment of 
tubular function

X X X X X X

DEXA scan — — — X — X

Growth and 
development

X X X X X X

ABPM, ambulatory blood pressure monitoring; BP, blood pressure; D/C, discharge; 
DeXA, dual-energy X-ray absorptiometry; eGFR, estimated glomerular filtration rate; 
MA/CR, microalbumin/creatinine; RFR, renal functional reserve.
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transition is necessary from the recruitment and early study 
period to long-term follow-up. This may involve or require a 
transition from neonatal specialists to nephrologists.

In addition to successful recruitment and retention, collec-
tion of consistent meaningful data across centers is critical. For 
example, education on the proper methods to measure blood 
pressure across sites will be critical. Ambulatory blood pres-
sure monitoring, perhaps the gold-standard method to define 
hypertension, cannot be performed in children younger than 
6 y (32). Blood collection and standardized procedures to accu-
rately measure GFR are critical. Urine collection can be difficult 
in neonatal intensive care unit because many sick infants do not 
have bladder catheters placed. Urine in the outpatient setting 
can be collected using bags for urine collection. When possible, 
and at the appropriate ages, gold-standard measurements for 
the outcomes of interest should be employed. These include 
formal GFR measurements (such as iohexol) (33) and ambu-
latory blood pressure measurements (32). Albeit challenging, 
obtaining high-quality data will be critical to the study success.

OPPORTUNITIES
In discussing the feasibility of a long-term renal follow-
up study, we considered successes of a number of neonatal 
research groups. Currently, several subsets of infants (pre-
mature, cardiopulmonary bypass, extra-corporeal membrane 
oxygenation, hypoxic–ischemic encephalopathy) at risk for 
AKI and CKD are registered in long-term follow-up clinics, 
as they are at risk for other negative health outcomes. The 
majority of follow-up clinics, however, do not consider the 
renal consequences of early life AKI and potential for CKD. 
These networks provide valuable insight into the feasibility 
and successful implementation of collaborative multicenter 
neonatal and pediatric studies within created infrastructures. 
Leveraging existing networks is a cost-effective way to study 
long-term renal outcomes in these cohorts. In addition, these 
networks provide cohort-specific collaborations and can help 
to disseminate study findings.

Research Networks in North America include the NICHD 
NRN, the Vermont Oxford Registry, the Canadian Neonatal 
Network, the Pediatrics Trial Network (PTN), and Pediatric 
Heart Network. Private corporations (for example Pediatrix) 
can track observational data in large cohorts. The NICHD 
NRN would more likely serve to answer important questions 
in the context of randomized clinical trials. Several of these 
research consortia are described below.

The Eunice Kennedy Shriver NICHD NRN
The NRN is designed to conduct high-quality trials to improve 
the health of infants. The NRN currently consists of 18 cen-
ters across the United States and includes a separate Data 
Coordinating Center (see below). One of the main features of 
the NRN is that it has an established follow-up program for 
participants through 2 y of age, with retention consistently 
above 90%. Occasionally, the NRN supports follow-up of indi-
vidual trials (e.g., Whole Body Cooling, SUPPORT neuroim-
aging cohort) through early childhood (i.e., 6–7 y). A unique 

advantage of the NRN is that all examiners must be certified 
each year to ensure consistent evaluations.

Pediatric Trials Network
The PTN began in fall 2010 and is designed to conduct high-
quality pharmacokinetic and pharmacodynamic trials in chil-
dren. The PTN will conduct up to 30 trials in children over 
the next 7 y and is specifically designed to fill knowledge 
gaps in pediatric therapeutics, including a Food and Drug 
Administration label change. The PTN has established rela-
tionships with ~200 centers across the United States and there-
fore can quickly enroll participants. A disadvantage is that 
the PTN is focused on pharmacotherapies, which some of the 
proposed participants for this study might not be receiving. 
A second disadvantage is that PTN studies are generally short 
and not designed for long-term outcomes throughout child-
hood. However, collection of data on the use of medications 
known to be nephrotoxic could potentially be done within this 
network.

The Vermont Oxford Network
The Vermont Oxford Network is a nonprofit voluntary col-
laboration of health-care professionals working together as 
an interdisciplinary community to change the landscape of 
neonatal care. Founded in 1988, the Vermont Oxford Network 
now comprises nearly 1,000 centers around the globe that 
voluntarily submit data about the care and outcomes of high-
risk newborn infants. The Vermont Oxford Network has 
coordinated programs for research, education, and quality 
improvement projects. The Vermont Oxford Network database 
maintains data on very-low-birth-weight infants and infants 
meeting other eligibility requirements.

Canadian Neonatal Network
The Canadian Neonatal Network is a group of Canadian 
researchers who collaborate on research issues relating to neo-
natal care. The Network was founded in 1995 and includes 
members from 30 hospitals and 17 universities across Canada. 
The Network maintains a standardized neonatal intensive care 
unit database and provides a unique opportunity for researchers 
to participate in collaborative projects on a national and interna-
tional scale. Health-care professionals, health services research-
ers, and health administrators participate actively in clinical, 
epidemiologic, outcomes, health services, health policy, and 
informatics research aimed at improving efficacy and efficiency 
of neonatal care.

Pediatrix
Pediatrix Medical Group provides medical care for neonates 
in >300 neonatal intensive care unit across 33 states in Puerto 
Rico. Clinical care, medication administration, and labora-
tory data are documented in electronic medical records, which 
can then be queried. The clinical information system strategy 
provides a framework for research, education, and continu-
ous quality improvement initiatives that allow clinicians to 
enhance outcomes nationwide.
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Pediatric Heart Network
The Pediatric Heart Network was established in 2001 by the 
National Heart, Lung, and Blood Institute of the National 
Institutes of Health. It was created to help doctors and nurses 
design and carry out clinical research so that children with 
heart disease can receive high-quality, evidence-based care. As 
neonates who undergo cardiopulmonary bypass surgery are 
at high risk of AKI, and many Pediatric Heart Network stud-
ies support long-term outcomes, the Pediatric Heart Network 
could facilitate long-term studies of cardiopulmonary bypass–
associated AKI in newborns.

CONCLUSION
The health and financial burden of CKD in children 
(and adults) who were born LBW or premature will continue 
to rise as smaller premature infants are living longer. At the 
National Institutes of Health–sponsored Neonatal AKI work-
shop in April 2013, nephrologists and neonatologists  high-
lighted key elements necessary to conduct long-term studies 
of the sequelae of neonatal AKI (Table 3). These studies are 
greatly needed to provide evidence-based guidelines to the 
neonatal, pediatric, and nephrology communities. Research 
regarding short- and long-term consequences of neonatal 
AKI will inform cost-effective evaluations for CKD in vul-
nerable patients. More importantly, a more comprehensive 
understanding of the pathophysiology and epidemiology of 
AKI will lead to the design and implementation of adequately 
powered intervention studies to mitigate the progression to 
CKD in this very vulnerable population.
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