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Abstract

Importance: Kidney disease is common in infants admitted to the Neonatal Intensive Care Unit 

(NICU). Despite the risk of chronic kidney disease (CKD) in infants discharged from the NICU, 

neither evidence- nor expert-based recommendations exist to guide clinical care after discharge.

Objective: To develop recommendations for risk stratification and kidney health monitoring 

among infants following discharge from the NICU.

Evidence Reviewed: At the National Institute of Health (NIH) supported “Consensus 

Workshop to Address Kidney Health in Neonatal Intensive Care Unit Graduates” meeting 

conducted in February 2024, a panel of 51 neonatal nephrology experts focused on three at-risk 

groups: (1) preterm infants, (2) critically ill infants with acute kidney injury (AKI), and (3) infants 

with critical cardiac disease. Using established modified Delphi processes, workgroups derived 

consensus recommendations.

Findings: In this modified Delphi consensus statement, the panel developed 10 consensus 

recommendations, identified gaps in knowledge, and prioritized areas of future research. Principal 

suggestions include risk stratification at time of hospital discharge, family and provider education 

and counseling for subsequent kidney health follow-up, and blood pressure assessment as part of 

outpatient care.

Conclusion and Relevance: Preterm infants, critically ill infants with AKI, and infants with 

critical cardiac disease are at increased risk of CKD. We recommend (1) risk assessment at the 

time of discharge, (2) provider and family education, and (3) kidney health assessments based on 

the degree of risk. Future work should focus on improved risk stratification, identification of early 

kidney dysfunction, and development of interventions to improve long-term kidney health.

Introduction:

Acute and chronic kidney complications are common among infants admitted to the neonatal 

intensive care unit (NICU).1–4 Based on the existing literature, three groups are most 

vulnerable for poor long-term kidney health: (1) preterm infants, (2) critically ill infants 

with acute kidney injury (AKI), and (3) infants with critical cardiac disease.5–14 Premature 

infants (<34 weeks of gestation) have a four-fold increase in chronic kidney disease (CKD) 

by adolescence.5,14 AKI is a known risk factor for subsequent CKD.4,7,15 Infants with 

critical cardiac disease have high rates of AKI and CKD during childhood.16 The burden of 

CKD will likely continue to increase as more vulnerable infants survive into adulthood.

Despite increased CKD risk in infants discharged from the NICU, recommendations for 

kidney health monitoring during childhood do not exist.17 Additionally, there are gaps 

in knowledge which must be addressed to optimize follow-up strategies and ultimately 

reduce the growing burden of CKD in these at-risk infant populations. To address these key 
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knowledge gaps, we convened a National Institute of Health (NIH)-supported workshop to 

develop expert-based follow-up recommendations based on existing evidence, highlight gaps 

in knowledge, and identify opportunities to improve care.

Methods:

The NIH-supported “Consensus Workshop to Address Kidney Health in Neonatal Intensive 

Care Unit Graduates” took place in Indianapolis, Indiana, February 27–28, 2024. The 

workshop followed the principles of the Acute Disease Quality Initiative (ADQI) consensus 

meetings.18,19 We sought to combine interpretation of current knowledge with expert 

opinion to create recommendations for kidney health follow-up, describe gaps in knowledge, 

and establish research priorities.

Prior to the meeting, workgroups performed an objective scientific review and evaluation 

of the literature through December 2023 of kidney health outcomes in (1) preterm infants, 

(2) critically ill infants with AKI and (3) infants with critical cardiac disease. Infants ≥34 

weeks’ gestation were included in the critically ill infant subgroup to align with gestational 

age cutoffs in the literature. Infants were considered to have critical cardiac disease if 

admitted either before or after surgery for congenital heart defects, those with complications 

following cardiac surgery, or those with acute heart failure. Infants in each of the 3 groups 

were stratified as being at-risk or high-risk for CKD (Table 1).

The three workgroups were composed of neonatology, critical care, cardiology, and 

nephrology specialists, including trainees (Supplemental Table 1). The in-person meeting 

was conducted using mixed workgroups and large-group panel discussion formats. A family 

representative , a primary care provider, and an expert in equity and care delivery offered 

their perspectives, participated in the large-group panel discussions, and provided feedback 

as recommendations were developed. Work before and after the in-person meeting was 

completed virtually.

Using a modified Delphi method, each workgroup developed recommendations for follow-

up supported by the representative literature or expert opinion when the evidence was scarce, 

and articulated research gaps and priorities.18,19 These recommendations were presented 

iteratively to the panel to develop consensus and required at least 2/3 support for adoption 

(Table 2, Figure 1). These consensus recommendations were based on existing evidence and 

expert opinion; thus, institutional approval was not required. All panel members consented 

to their inclusion in this article. SQUIRE guidelines were followed whenever applicable.20

Results:

Overarching Recommendations

1. Preterm infants (<34 weeks’ gestation), critically ill infants with AKI, and 

infants with critical cardiac disease are at-risk of CKD following NICU 

discharge. We recommend all at-risk infants have a discharge kidney health 

evaluation that includes a properly obtained blood pressure (BP), serum 

creatinine, and kidney health education in preparation for hospital discharge.
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2. In infants with evidence of kidney disease at discharge (defined by a serum 

creatinine ≥0.5mg/dL, BP >95th percentile for age, hypertension treated with 

medications, nephrocalcinosis, or a congenital abnormality of the kidney or 

urinary tract (CAKUT)), we recommend follow-up with pediatric nephrology 

according to local guidance.

3. In all other at-risk infants that do not meet criteria for kidney disease 

at discharge, we recommend family- and provider-focused education and 

counseling for subsequent kidney health follow-up. We recommend BP 

assessment at all healthcare encounters. We encourage coordination of kidney-

focused follow-up and ongoing risk assessment with subspecialty specific care 

models.

Rationale: Mounting research has uncovered a high prevalence of CKD in children 

previously cared for in the NICU.4,5,7,14 Patients discharged from the NICU with a history 

of preterm birth, critical illness with AKI, or critical cardiac disease appear to be at the 

highest risk of CKD.4–14,21,22 The addition of “second hit” risk factors during childhood 

such as additional episodes of AKI, hypertension (HTN), diabetes, obesity, and nephrotoxic 

medication use, further increase CKD risk.2,5–14,21,22 We recommend that AKI is defined 

using neonatal Kidney Disease: Improving Global Outcomes (KDIGO) criteria, with 

attention paid to accurate diagnosis, documentation and communication at discharge.19,23,24 

Our at-risk group is aligned with the recent KDIGO statement listing prematurity, small for 

gestational age birthweight, and AKI as risk factors for CKD development.25

Children with moderate CKD lose approximately 1% of their kidney function each year.12 

Early recognition of abnormal kidney function and stratification of CKD progression risk 

is essential. Both preventative and interventional strategies (i.e. nephrotoxin avoidance, 

BP monitoring and renin-angiotensin inhibition) support kidney health and delay CKD 

progression.26,27 Therefore, we recommend a discharge kidney health evaluation, including 

a serum creatinine and a properly obtained BP, to allow for risk stratification and 

counseling.28,29 We recommend serum creatinine, using a threshold of ≥0.5 mg/dL, given 

availability, low cost, and ease of interpretation (Supplemental Table 2). We recommend 

serum creatinine ≥0.5 mg/dL, HTN, or other kidney conditions at hospital discharge requires 

evaluation with providers knowledgeable in the care of children with CKD (Figure 1).

In infants at-risk of CKD at hospital discharge, we recommend that outpatient kidney 

assessment is integrated with other care whenever possible. Recognition of kidney 

disease risk and outpatient monitoring and education can be aided by multi-modal 

approaches.23,30,31 We strongly recommend kidney health education occurs longitudinally 

using existing structures and resources.32,33 Education of both family members (focusing 

on the importance of kidney-focused follow-up, avoidance of nephrotoxic medications and 

future AKI) and providers (focusing on CKD risk and strategies to optimize kidney health at 

NICU discharge and throughout childhood) and is paramount.

We encourage incorporation of kidney specific follow-up within already established 

programs and recommend follow-up occur in a systematic manner for all at-risk NICU 
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graduates. Recommended follow-up may occur in a variety of clinical settings depending 

on the patient population, location, resources, and subspeciality access.32,35 Outpatient 

kidney evaluation may occur in-person or via telehealth.32–34 Accurate BP assessment 

at outpatient visits and kidney-focused follow-up may occur in partnership with local 

providers, particularly in resource-limited settings.29 The panel recognizes challenges in 

pediatric subspeciality access and have attempted to provide stratified and multi-disciplinary 

recommendations for follow-up.35

For all at-risk patients, we recommend BP monitoring at all healthcare encounters. For those 

at high-risk of CKD, we recommend a comprehensive kidney health assessment at two 

years of age that includes serum creatinine and cystatin C to estimate glomerular filtration 

rate (eGFR), BP assessment, and urine albumin/creatinine. The two-year assessment was 

chosen as kidney maturation should be complete by this age.36–38 We advocate for use of 

cystatin C in combination with creatinine as it is muscle mass independent and has improved 

sensitivity for early CKD detection.25,39 We also recommend urine screening for persistent 

albuminuria, as this and abnormal eGFR have therapeutic options (Figure 1).

The panel recognizes the challenges posed by these recommendations, particularly with 

respect to BP assessment. Our recommendations are in concert with existing American 

Academy of Pediatrics (AAP) guidelines advocating for BP assessment in those less than 

three years of age after NICU discharge at well-child care visits.29 Children in these 

at-risk groups may have more contact with subspecialists. Therefore, we recommend 

BP assessments at all healthcare encounters.28,29 We recognize AAP guidelines are 

inconsistently followed due to a variety of barriers.29,40 Work is needed to improve BP 

assessment in infants.41

Recommendations for Preterm Infants (<34 Weeks’ Gestational Age)

4. We recommend at-risk preterm infants (28 to <34 weeks’ gestation) have 

BP assessment and kidney health education at 2 years of age in conjunction 

with standard care. Providers should consider comprehensive kidney health 

assessment if there are significant exposures that modulate risk.

5. We recommend high-risk preterm infants (<28 weeks’ gestation, birthweight 

<1,500 grams, or history of AKI or dialysis) have a comprehensive kidney health 

assessment in conjunction with standard care at 2 years of age, or sooner if there 

are significant exposures or events that modulate risk.

Rationale: Nephrogenesis is near completion by 34–36 weeks of gestation.42–44 Exposure 

to extrauterine environmental factors likely disrupts nephron formation following preterm 

birth, resulting in abnormal and/or lower nephron numbers.42,43,45 Ongoing hyperfiltration 

and further nephron loss contribute to subsequent CKD and HTN.9,46 Prediction of CKD 

development following preterm birth is difficult due to wide variation in nephron number, 

the absence of longitudinal follow-up cohort studies, and the resulting inability to risk 

stratify infants for early CKD detection.21,46
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Over the last decade, multiple studies have linked preterm birth to increased risk of CKD 

and HTN.14,47,48 In a cohort of children born 24–28 weeks’ gestation, signs of CKD were 

detectable in 53% of patients at 2 years of age.3,5 Of those evaluated, 18% had eGFR 

<90ml/min/1.73m2, 36% had albuminuria, and 44% had elevated diastolic BP. In a Swedish 

birth registry study, the adjusted hazard ratio (HR) for CKD by adulthood in those born 

<28 weeks’ gestation was 3.01 (95%CI 1.67–5.45).14 Thus, we recommend, in addition to 

kidney health education and BP assessment at every healthcare encounter, infants born <28 

weeks’ gestation have a two-year comprehensive kidney health assessment. Assessment may 

occur sooner if additional CKD risk factors or significant exposures are present.

Infants born 28–34 weeks’ gestation also have increased risk of CKD and HTN. A Swedish 

birth registry study demonstrated a HR for CKD at 43 years was 1.94 (95%CI 1.74–

2.16).14 A recent meta-analysis found children born preterm had lower eGFR, higher BP, 

albuminuria and smaller kidneys.48 Therefore, we recommend infants born 28–34 weeks’ 

gestation have BP assessment at every healthcare encounter and kidney health education at 2 

years of age. In those with exposures modulating CKD risk, a comprehensive kidney health 

assessment may be indicated at two years of age.

In preterm infants, intrauterine growth restriction (IUGR) is an additional risk factor 

for developing CKD and HTN.49 Thus, we included infants <1,500 grams as high-risk, 

capturing infants <10th percentile at 33 weeks’ gestation and <3rd percentile at 34 weeks’ 

gestation. In pediatric patients, AKI is an independent risk for CKD development.50 

However, studies examining this relationship in preterm infants are mixed.3,11,47,51,52 We 

recommend preterm infants (28–34 weeks’ gestation) with AKI or born <1,500 grams are 

considered high-risk for CKD and undergo comprehensive kidney health assessment at 2 

years of age in addition to BP assessment and kidney education.

Recommendations for Infants with AKI (Born ≥34 Weeks’ Gestational Age)

6. We recommend at-risk infants born ≥34 weeks’ gestation (Stage 1 AKI) have a 

comprehensive kidney health assessment at 2 years of age in conjunction with 

standard health maintenance.

7. We recommend high-risk infants born ≥34 weeks’ gestation (Stage 2/3 

AKI, dialysis treatment, recurrent AKI, or AKI with severe non-renal 

comorbidities such as extracorporeal membrane oxygenation (ECMO), 

congenital diaphragmatic hernia (CDH), hypoxic-ischemic encephalopathy 

(HIE)) have a comprehensive kidney health assessment within 6 months of 

discharge. The frequency of subsequent assessments may vary based on clinical 

course but should include another assessment at two years of age.

8. If the 2-year comprehensive kidney health assessment is normal, infants ≥34 

weeks’ gestation with history of AKI may be discharged to routine well-child 

care, including annual BP assessment and ongoing kidney health education.

Rationale: Few studies evaluate CKD risk in infants ≥34 weeks’ gestation with a history 

of AKI. A single center study assessing follow-up and early CKD detection in a cohort of 

infants from the Assessment of Worldwide Acute Kidney Injury Epidemiology (AWAKEN) 

Starr et al. Page 7

JAMA Netw Open. Author manuscript; available in PMC 2025 September 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



study found under-recognition of AKI in the NICU, insufficient follow-up, and lack of 

identification of long-term kidney sequelae.1,53 A larger, long-term follow-up study suggests 

one-third of infants surviving an episode of AKI have CKD in childhood, but only half were 

≥34 weeks’ gestation.54

Several studies have examined CKD risk after AKI in the NICU in infants ≥ 34 weeks’ 

gestation.55–57 In children with a history of therapeutic hypothermia-treated HIE, one-third 

of survivors had decreased eGFR and albuminuria at 10 years of age, irrespective of AKI 

status.55,56 In a follow-up study of children approximately 8 years after neonatal ECMO, 

5% had mildly decreased eGFR (60–90 ml/min/1.73m2), 12% had proteinuria, and 19% 

had HTN.57 Children with AKI had 4.3 times higher odds of CKD or HTN than those 

without AKI (95%CI 1.6–12.1).57 These studies, while limited in size and scope, informed 

our recommendations.

Studies in the pediatric population supplement the limited available evidence specific to 

neonatal AKI survivors. In a large prospective study examining long-term CKD risk in older 

critically ill children surviving AKI, 10% developed CKD within 3 years of AKI. Infants 

comprised nearly 40% of those who developed CKD.15 These findings suggest critically 

ill infants with AKI are at-risk for CKD and HTN later in life. Thus, follow-up with a 

provider knowledgeable of these potential kidney sequelae is warranted, and should include 

assessments of BP, kidney function, and growth.

Given CKD and HTN have been documented in those with Stage 1 AKI, evaluations of 

BP and growth, along with ongoing kidney health education are recommended.54 Infants 

with history of stage 2 or 3 AKI, dialysis treatment, recurrent AKI, or AKI in the setting of 

severe, non-renal comorbidities (i.e. ECMO, CDH, HIE, NEC, or CLD) are likely at higher 

risk to develop CKD or HTN; thus, follow-up beginning within 6 months of discharge 

is recommended, preferably with a pediatric nephrology provider. Consideration should 

be given to screening for HTN, proteinuria, and cystatin C measurement. We recommend 

ongoing follow-up with pediatric providers knowledgeable in the care of children with CKD 

and HTN until two years of age at which time those without kidney disease can continue 

regular BP monitoring and kidney health education with a primary care provider.

Recommendations for Infants with Critical Cardiac Disease

9. We recommend at-risk infants with critical cardiac disease have a comprehensive 

kidney health assessment at 2 years old or sooner if there are significant 

exposures or events that modulate risk.

10. We recommend in high-risk infants with critical cardiac disease plus an 

additional risk factor (Stage 2/3 AKI, single ventricle, heart transplant, HIE, 

preterm <34 weeks’ gestation, ECMO, or daily nephrotoxic medication at 

discharge), a comprehensive kidney health assessment is performed at least every 

6 months through 2 years of age coupled with annual nephrology follow-up.

Rationale: AKI is common in infants with critical cardiac disease. In a recent multicenter 

study of ~2,000 neonates with critical cardiac disease, AKI occurred in 54%.16 Risk 
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factors for and incidence of AKI vary by population studied and definitions utilized.16,58–

60 Consequently, AKI associations with outcomes in infants with critical cardiac disease 

are heterogenous and inconsistent.16,58–61 Existing data suggest AKI is important, but the 

current definitions of AKI may not fully capture meaningful kidney injury and future risks to 

kidney health.

Structured follow-up programs are common among children with critical cardiac disease. 

Despite this, data reflecting kidney-focused follow-up in these infants are limited, mostly 

single-center, and often include older children. Additionally, the timing and type of 

follow-up evaluation is variable. Further, CKD was not always associated with prior AKI, 

highlighting the challenge of identifying those who would benefit from follow-up and how 

often follow-up should occur.6,62,63 Therefore, we recommend integration of kidney health 

assessments at regular intervals during structured cardiac-focused visits. For infants at high-

risk of CKD, we recommend comprehensive kidney health assessments every six months. 

Further, we recommend ongoing assessment in at-risk infants to evaluate for significant 

exposures or events that may modulate risk.

Importantly, risk to long-term kidney health in infants with critical cardiac disease is not 

isolated to infancy. Survivors may have ongoing risk across their life, including continuing 

nephrotoxin exposure, cardiac-related HTN, and further surgical interventions. Recurrent 

AKI episodes may increase the risk of CKD development.59 As such, we recommend 

follow-up occurs in infants at high-risk for long-term kidney disease, preferably with a 

pediatric nephrologist.

Research Gaps and Priorities

Despite the evidence presented which drives these consensus recommendations, crucial gaps 

in our understanding of the opportunities in neonatal nephrology research and clinical care 

remain. These include gaps in definitions of AKI, lack of experimental models, and absence 

of multicenter longitudinal cohort studies (Table 3).

Discussion:

Kidney disease affects approximately 37 million Americans and the societal cost is 

enormous.25 Emerging research indicates a high prevalence of CKD among infants who 

have received care in the NICU. Preterm infants, critically ill term infants with AKI, and 

infants with critical cardiac disease are particularly vulnerable.

A cornerstone of pediatrics is the prevention of disease. Therefore, it is paramount to 

identify NICU graduates at the highest risk of kidney disease and intervene to prevent or 

halt progression of CKD. Our recommendations provide additional context to the recent 

KDIGO CKD evaluation guidelines, which highlight preterm birth, small for gestational age 

birthweight, and previous AKI as risk factors for CKD.25 At-risk children receiving care in 

the NICU should have kidney health evaluation prior to hospital discharge. Those at high 

risk of long-term kidney disease should have kidney health assessment based on their degree 

of risk. AKI and other events which may modulate CKD risk must be well-communicated at 

time of discharge. Future research is needed to improve risk stratification, improve tools to 
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detect CKD, evaluate which clinical care models are best suited for different situations, and 

implement preventive strategies to decrease the prevalence and progression of CKD.

Limitations:

The recommendations of this Consensus Workshop are based on existing evidence and 

expert opinion; however, a systematic review of all individual studies was not performed. 

The expert opinions provided here focus on the first two years after birth. However, CKD 

risk is lifelong.25 CKD screening should continue beyond two years of age as the risk likely 

increases with age and exposures. Screening for CKD should be strongly considered during 

periods of rapid growth (i.e. puberty). The frequency and intensity of assessment should be 

personalized and reflect shared decision making based on risk, screening results, and other 

individualized concerns.25

Conclusion:

As part of a NIH-sponsored Consensus Workshop, an expert panel developed consensus 

recommendations focusing on risk stratification at time of hospital discharge, family and 

provider education, counseling and timing of kidney health follow-up, and blood pressure 

assessment in at-risk neonatal populations. Implementing kidney assessments may aid in 

early recognition, intervention, and management of kidney disease in these vulnerable 

populations. Pragmatic clinical studies and multicenter collaborative work require a shared 

understanding of best practices to monitor kidney health. The recommendations put forth 

by this Consensus Workshop will set the foundation for future clinical care, greatly needed 

longitudinal follow-up studies, and research priorities in these vulnerable populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

Question:

What are the (1) evidence-based expert recommendations for kidney health follow-up in 

infants after neonatal discharge, and (2) most important research questions that need to 

be answered to improve the health of infants at risk of chronic kidney disease during 

childhood?

Findings:

In this modified Delphi consensus statement, a panel of 51 neonatal nephrology experts 

developed 10 consensus recommendations regarding the follow-up of infants at risk 

of chronic kidney disease during childhood. The panel also identified critical gaps in 

knowledge and determined research priorities.

Meaning:

Specific subpopulations of infants discharged from the neonatal intensive care unit, 

including those born preterm, critically ill infants with acute kidney injury and infants 

with critical cardiac disease, are at increased risk for developing chronic kidney disease 

during childhood. Key recommendations include risk assessment at time of hospital 

discharge, provider and family education, and risk stratified longitudinal follow-up.

Starr et al. Page 16

JAMA Netw Open. Author manuscript; available in PMC 2025 September 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Consensus recommendations for outpatient kidney health follow-up for infants at risk of 

kidney disease during childhood.
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Table 1.
Risk Stratification Scheme Relevant to Kidney Monitoring and Follow-Up Recommendations

Patient and Risk Factors

At-Risk • 28–33 6/7 weeks’ gestation

• ≥34 weeks’ gestation and Stage 1 AKI

• Critical Cardiac Diseasea (see definition below)

High-Risk • Preterm Infants

– <28 weeks’ gestation OR

– BW <1500 grams OR

– AKI/Dialysis

• Critically Ill Infants with history of AKI and:

– Stage 2/3 AKI or dialysis treatment

– Recurrent AKI

– AKI with severe non-renal comorbidity (ECMO, CDH, HIE, NEC, CLD)

• Infants with Critical Cardiac Disease and:

– Stage 2/3 AKI

– Single Ventricle

– Heart Transplant

– HIE

– Preterm <34 weeks’ gestation or BW <1500 grams

– ECMO

– Daily nephrotoxic medications at discharge

AKI, acute kidney injury; BW, birth weight; ECMO, extracorporeal membrane oxygenation, CDH, congenital diaphragmatic hernia; HIE, hypoxic 
ischemic encephalopathy; NEC, necrotizing enterocolitis; CLD, chronic lung disease.

a
Critical Cardiac Disease: A group of serious heart defects that are present from birth. Infants were considered to have critical cardiac disease if 

they were admitted either before or after corrective/palliative surgery for congenital heart defects, experienced complications following neonatal 
cardiac surgery such as sepsis, or developed myocardial failure (acute) from a variety of etiologies, including but not limited to acute myocarditis, 
idiopathic cardiomyopathy or genetic abnormalities.
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Table 2.
Consensus recommendations for outpatient kidney health follow-up for infants

Consensus Recommendations Level of 
Evidencea

Overarching Recommendation

1.Preterm infants (<34 weeks’ gestation), critically ill infants with AKI, and infants with critical cardiac disease are 
at-risk of CKD following NICU discharge. We recommend all at-risk infants have a discharge kidney health evaluation 
that includes a properly obtained BP, serum creatinine, and kidney health education in preparation for hospital discharge.

3

2.In infants with evidence of kidney disease at discharge (defined by a serum creatinine ≥0.5mg/dL, BP >95th percentile 
for age, hypertension treated with medications, nephrocalcinosis, or CAKUT), we recommend follow-up with pediatric 
nephrology according to local guidance.

5

3.In all other at-risk infants who do not meet criteria for kidney disease at discharge, we recommend family- and 
provider-focused education and counseling for subsequent kidney health follow-up. We recommend BP assessment at 
all healthcare encounters. We encourage coordination of kidney-focused follow-up and ongoing risk assessment with 
subspeciality specific care models.

5

Preterm Infants (<34 Weeks’ Gestational Age)

4. We recommend at-risk preterm infants (28 to <34 weeks’ gestation) have BP assessment and kidney health education 
at 2 years of age in conjunction with standard care. Providers should consider a comprehensive kidney health assessment 
if there are significant exposures that modulate risk.

3

5. We recommend high-risk preterm infants (<28 weeks’ gestation, birthweight <1,500 grams, or history of AKI or 
dialysis) have a comprehensive kidney health assessment in conjunction with standard care at 2 years of age, or sooner if 
there are significant exposures or events that modulate risk.

3

Critically Ill Infants with AKI (Born ≥34 Weeks’ Gestational Age)

6. We recommend at-risk infants born ≥34 weeks’ gestation (Stage 1 AKI) have a comprehensive kidney health 
assessment at 2 years of age in conjunction with standard health maintenance.

3

7. We recommend high-risk infants born ≥34 weeks’ gestation (Stage 2/3 AKI, dialysis treatment, recurrent AKI, or AKI 
with severe non-renal comorbidities such as receipt of ECMO, CDH, HIE, NEC, CLD) have a comprehensive kidney 
health assessment within 6 months of discharge. The frequency of subsequent assessments may vary based on clinical 
course but should include another assessment at 2 years of age.

3

8.If the 2-year comprehensive kidney health assessment is normal, infants ≥34 weeks’ gestation with history of AKI may 
be discharged to routine well-child care, including annual BP assessment and ongoing kidney health education.

5

Infants with Critical Cardiac Disease

9. We recommend at-risk infants with critical cardiac disease have a comprehensive kidney health assessment at 2 years 
old or sooner if there are significant exposures or events that modulate risk.

3

10. We recommend in high-risk infants with critical cardiac disease (Stage 2/3 AKI, single ventricle, heart transplant, 
HIE, preterm <34 weeks’ gestation, ECMO, or daily nephrotoxic medication at discharge) a comprehensive kidney health 
assessment is performed at least every 6 months through 2 years of age coupled with annual nephrology follow-up.

3

AKI, acute kidney injury; CKD, chronic kidney disease; NICU, neonatal intensive care unit; BP, blood pressure; CAKUT, congenital anomaly 
of kidney or urinary tract; ECMO, extracorporeal membrane oxygenation; CDH, congenital diaphragmatic hernia; HIE, hypoxic ischemic 
encephalopathy; NEC, necrotizing enterocolitis; CLD, chronic lung disease.

a
Quality Rating Scheme for Studies and Other Evidence modified from Oxford Center for Evidence-based medicine per journal standards with 

ratings from 1 (Properly powered and conducted randomized clinical trial; systematic review with meta-analysis) to 5 (Opinion of respected 
authorities; case reports)
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Table 3.
Consensus identification of priority gaps and research opportunities

Groups Priority Gaps Opportunities and Potential Next Steps

Overarching • AKI definition in infants (accuracy, 
biomarker incorporation, fluid adjusted, rate 
of decline, urine output thresholds)

• NICU discharge assessment and risk 
stratification

• Family engagement (empowerment, 
perspective, educational materials)

• Role of experimental models of neonatal 
AKI to identify novel biomarkers and tools 
to screen for reduced functional renal reserve

• Use of traditional and novel biomarkers 
to inform post-AKI risk-stratification, 
prognostication, treatment, and screening

• Discharge planning strategies to improve 
outpatient kidney health follow-up

• Multicenter studies to better understand risk 
for progression to CKD in NICU graduates

• Harmonize existing quality improvement and 
research registry platforms to improve our 
understanding of outcomes

• Develop key areas for short- and long-term 
outcomes to measure and modulate AKI risk

• Develop a database of follow-up data in 
NICU graduates, including information such 
as serum creatinine at discharge

• Engage patient and caregivers to improve the 
care of neonates with AKI who are at risk for 
CKD

• Determine the ideal timing and cadence of 
follow-up for high and at-risk infants

• Perform studies of high-risk events and collect 
all data surrounding episodes of AKI with 
ongoing follow-up

• Study strategies to optimize long-term kidney 
health in at -risk neonates

Preterm 
Infants

• Postnatal environment effect on ex utero 
nephrogenesis

• Standardizing methods to assess kidney 
health outcomes (accurate GFR and 
estimating GFR equations, nephron 
endowment, renal reserve, ultrasound 
volumes)

• Experimental models during ongoing 
nephrogenesis of AKI to address gaps in 
our understanding of biomarkers, reduced 
functional renal reserve, damage and 
adaptive repair processes and interventions to 
optimize kidney growth

• Develop estimating equations for GFR prior 
to and after hospital discharge using measured 
GFR in neonates and infants born preterm

• Compare measured GFR to estimated GFR in 
2-year-old children born preterm

• Develop methods to determine when 
nephrogenesis in complete in humans

Critically Ill 
Infants with 
AKI

• Understanding how specific etiologies and 
severities of neonatal AKI impact long-term 
kidney health and risk for CKD progression

• Role of risk stratification, monitoring and 
treatment strategies to improve morbidity and 
mortality and long-term CKD

• Risk stratification tools for the development 
and progression of CKD

• Development of optimal model for 
identification of neonates at risk for CKD 
and arrangement of dedicated, outpatient 
nephrology follow-up

Infants with 
Critical 
Cardiac 
Disease

• Identification of diagnostic criteria that 
integrate biomarkers to delineate cardiac 
specific AKI sub-phenotypes

• Determination of perioperative best practices 
that decrease the development, severity, and 
impact of AKI

• Optimal cadence and duration of kidney-
focused follow-up in infants with critical 
cardiac disease

• Identify and test perioperative risk 
stratification tools for CKD development

• Develop strategies to reduce CKD prevalence 
and progression in those with AKI

• Prospective multicenter investigations 
evaluating the risk of progression to CKD

AKI, acute kidney injury; NICU, neonatal intensive care unit; CKD, chronic kidney disease; GFR, glomerular filtration rate.
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