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Definition & Classification

Jetton et al; Front Pediatr. (2016)
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Serum creatinine
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Limitations

Bueva & Guignar; Pediatr Res., (1994)

Serum creatinine



Recognition

Limitations
UOP

• Neonates often have non-oliguric AKI due to their tubular
immaturity.

• Low accuracy of urine collection in a neonate due to lower
rates of urinary catheter placement and reliance on diaper weights.

Goldstein; Front Pediatr. (2019)
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Timeline of changes in a patient with AKI
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New markers of AKI

Functional 
markers 

Structural 
markers 

Tissue 
oxygenation

Nephron 
number



Markers of glomerular function:
• Cystatin C
• NGAL
• RBP
• Hepcidin

Markers of tubular function:
• Cystatin C
• NGAL
• RBP

Markers of tubular damage:
• NAG
• a-GST
• P-GST
• g-GT
• NAGL          DCT
• KIM-1          PCT
• RBP
• L-FABP
• a-/b2 macroglobulin
• IGFBP-7
• TIMP-2
• microRNA
• Netrin-1
• UMOD          LH

Recognition

New markers of AKI

G1 cycle 
arrest



New biomarkers

Cystatin-C

Recognition

Independent of GA—BW—hydration
status—muscle Mass.

Demire et al., Acta Paediatr. (2013)

Not corelated to maternal Cr.
Demirel et al., Acta Paediatr. (2013)

Detects AKI earlier than serum Cr.
El-Gammac et al,. Scand J Clin Lab Invest, (20 18)
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New biomarkers
Recognition

Creatinine

○ Neutrophil gelatinous 
associated lipocalin 
(NGAL)

○ Interleukin18 (IL-18), 
○ kidney injury 

molecule-1 (KIM-1).
○ Cyctatin C

NGAL 0.9

Cystatin C 0.9

KIM-1 0.83

IL-18 0.75



Tissue oxygenation

Renal tissue oxygenation (RrSO2) monitoring by
using Near-infrared spectroscopy (NIRS) is
a surrogate for local tissue oxygen use.

Harer et al,. Front Pediatr. (2020)

Recognition



Nephron number

• The radial glomerular count by using Cationic
ferritin-enhanced MRI is a surrogate marker of
glomerulogenesis.

Recognition

Charlto; pediatr Res (2020).



Definition & Classification

Neonatal modified KDIGO 
definition is still used as the 
STANDARD definition for 
neonatal AKI.

Recognition
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Lancet Child Adolesc health (2018)



AKI Incidence by GA

Schematic representation of gestational age distribution in the cohort
Gestational age (GA) is presented in weeks. AKI, acute kidney injury.



Vulnerability

RBF GFR



Vulnerability

Poor Urinary 
concentrating ability

Neonatal kidneys
are particularly
susceptible to ischemic
injury to the renal
tubules, even after a mild
and short-term insult



Vulnerability
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Inclusion Criteria 

11 centers in India

Risk Factors
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Score AKI Probability

≤37 <20%

38-42 20-<40%

43-48 40-<60%

49-53 60-<80%

≥54 ≥80%

≥31.5             Higher Probability of AKI
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Risk Factors

Scoring system dashboard. The scoring system considers variable such as age at entry in the NICU, 
PPV in the delivery room, gestational age, presence of sepsis and significant cardiac disease, urine 
output, serum creatinine levels, use of nephrotoxic drugs, furosemide, and inotropes to calculate AKI 
probability and risk.
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Risk Factors

The STARZ neonatal score serves
to rapidly and quantitatively
determine the risk of neonatal AKI
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Evaluation of neonatal AKI
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Prevention

Prevent AKI by inhibiting
adenosine induced renal
vasoconstriction.

1.Adenosine receptor antagonists



Prevention

Theophylline may prevent AKI in neonates with HIE.
Bellos et al; J Matern Fetal Neonatal Med.(2019)

A. Theophylline  
1. Adenosine receptor antagonists

A single dose of theophylline within
the first 6 postnatal hours in
newborns with HIE is endorsed in
the 2012 KDIGO guidelines to
prevent AKI.

Kellum & Lamerie; Crit Care (2013)



Prevention

•AKI occurred less frequently in VLBW
infants and preterm infants <33 weeks’
GA who received caffeine within the first
postnatal week.

B. Caffeine 

Chock et al ; J Pediator.2016, Harer et al ; JAMA Pediator 2018.

1.Adenosine receptor antagonists



Prevention

2. Others

The impact of Erythropoietin on short –and long-term kidney-related
outcomes in neonates of extremely low gestational age .Resulted of a
multicenter, double-blind, placebo-controlled randomized clinical trial

Askenazi et al ; J Pediatr. 2021.

Failure of remote is chemic preconditioning to reduce the risk of
postoperative acute kidney injury in children undergoing operation for
complex congenital heart disease: a randomized single center study,

Pedersen et al ; J Thorac Cardiovasc Surg.2012

Effect of intraoperative dexamethasone on major complications and
mortality among infants undergoing cardiac surgery: the DECISION
randomized clinical trail.

Lomivorotov et al ; JAMA. 2020

No Good Results



Prevention

• There have been multiple therapeutics evaluated for
AKI prevention in neonates (without positive results),
including erythropoietin, therapeutic hypothermia,
remote ischemic preconditioning, and corticosteroids.

• Methylxanthines have been evaluated in multiple
neonatal populations and have had promise as a
preventive treatment of AKI in high-risk populations.
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1-Fluid balance

Hypovolemia
• Fluid challenge
• 1-2 ml/kg over 1-2 h

Hypervolemia
• Fluid restriction ??
• Diuretics

Management

Is Os

The contribution of
medication, “flushes” and
feeds

Insensible losses increase 
with decreasing GA

Wt

Vital signs assessment



Euvolemic
Furosemide Stress test

2h-UOP
≤ 1ml/kg

0.
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Improving urine output with
diuretic therapy does not
equate to an improvement
in renal function or GFR.

Frusemide is a frequently used loop diuretic.

IV dosing : 0.5-1 mg/kg/dose.
Oral dosing : 0.5-2 mg/kg/dose.
Infusion dosing: 0.05-0.4 mg/kg/h

2- Diuretics
Hypervolemic



3- Correction of Electrolyte imbalance

Hyponatremia
< 125 mEq/L

Hyperkalemia
> 6 mEq/L

Hypocalcaemia < 8mg/dl
PT< 7 mg/dl

High phosphorus > 7 mg/dl

Acidosis pH < 7.2 -HCO3 < 12

Management



4-Renal replacement therapy

•Kidney support therapy is rarely considered for early
initiation.

•Added risk of dialysis machines, ethical
considerations, challenges with vascular access, and a
lack of evidence on the role of AKI and fluid overload in
these patients.

Management

When?



4-Renal replacement therapy

Laughon et al., Am J Perinatol. 2015
Semin Fetal Neonatal Med. 2017

Modality

Management
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Outcome

1. Mortality and length of hospital stay



Outcome



Outcome

2. Organ cross talk

AKI

SR
I

BPD

Starr et al.; Am J Perinatol.( 2020)

Stoops et al., Neonatology (2018)

Kraut , et al., Pediatr Res.(2018)

HTNICH



3- CKD
Outcome

4-55% of PT AKI develop CKD at school age.

9-32% of FT AKI develop CKD at school age.



LOGO



• Accurate recognition of neonatal AKI requires an
understanding of the physiology of maturation of
GFR and tubular function and careful attention to the
nuances that differentiate neonatal from pediatric
AKI KDIGO definitions (namely the use of a reference
serum creatinine).

•Evaluation of a neonate with acute kidney injury
begins with careful evaluation of prenatal and
perinatal history and includes a physical examination
with particular attention to fluid overload
assessment, augmented by laboratory testing and
selected imaging.



•Management of AKI focuses primarily on
avoidance of fluid overload and amelioration of
worsening AKI.

•Diuretics may be helpful in preventing fluid
overload or correcting electrolyte disturbances
but do not appear to change the trajectory of
AKI.



•If kidney support therapy is required
for management of AKI or fluid
overload, both PD and CRRT can be
used.

•Neonates with AKI are at increased
risk of CKD and hypertension in
childhood and adulthood.





Questions 

• a. Low birth weight. 

• b. Maternal exposure to nonsteroidal anti-inflammatory drugs 
(NSAIDs).

• c. Spontaneous vaginal delivery. 

• d. Congenital heart disease in the baby.

2) Factors that increase the risk of AKI in neonates 
include all except:



Questions 

• a. Serum creatinine is a marker of tubular injury.

• b. It is affected by the volume status and may be diluted in conditions of 
fluid overload.

• C. Baseline serum creatinine is established in neonates by day of life 7.

• d. All neonates have the same baseline.

3) Which is a true statement regarding limitations 
of serum creatinine?



Questions 

• a. Normal kidney function throughout childhood without kidney-
related complications. 

• b. Ongoing CKD at NICU discharge requiring outpatient 
management.

• c. Stage 5 chronic kidney disease during childhood. 

• d. Improvement in serum creatinine to baseline during 
hospitalization but mild chronic kidney disease and/or hypertension 
during childhood.

4) What is the most common long-term outcome of 
acute kidney injury?


