
critical item in neonatal care, the special precautions regarding drugs 
use in neonates and renal replacement therapy in neonates which is 
not only technically difficult, but also associated with high rates of 
complications all yields AKI management in neonates to be a great 
challenge.
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INTRODUCTION
The primitive antenatal kidney appears at 3rd week of gestation[1], 
while the permanent kidney begins to form after the 30th day of 
gestation[2]. Fetal kidneys produce diluted urine forming a significant 
proportion of amniotic fluid[3]. Fetal urine output (UOP) rises from 15 
ml/kg/ hr to 50 ml/kg/hr at 40 weeks of gestation[4]. After birth, serum 
creatinine reflects the maternal renal function up to 72 hours of life[5]. 
Glomerular filtration rate (GFR) and effective renal plasma flow are 
low in term and preterm infants, due to high vascular resistance in re-
nal vessels as a result of vasoconstrictive and vasodilator renal forces, 
and also due to marked drop of systemic vascular resistance resulting 
from redistribution of blood flow at birth[6]. GFR slowly increases 
daily, doubles at the age of 2 weeks and reaches full maturity by age 
of 2 years (Table 1). The neonatal kidneys work hardly in the first 
few days of life to reduce the extracellular fluid content with UOP up 
to 10 ml/kg/hr and also to manage the large water load from breast 
feeding. Urine flow is regulated by tubular reabsorption in presence 
of low GFR and high UOP giving a picture similar to polyuric phase 
of acute kidney injury(AKI)[7].

INCIDENCE, RISK FACTOR AND ETIOLOGY 
OF AKI IN NEONATES
The incidence of AKI in children is highly variable (25.1-82%) 
among pediatric intensive care unit (PICU) reports from different 
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ABSTRACT
Acute kidney injury (AKI) affects more than 30% of hospitalized 
neonates with increased rates of mortality and longer hospital 
admission. While research in neonatal AKI has increased over the last 
few years, advances in clinical recognition, diagnosis, and supportive 
care for AKI in this specific age group, have lagged behind advances 
in pediatric patient groups. The lack of a standardized definition of 
AKI in neonates similar to those used in adult and pediatric patients 
in addition, the unique renal physiology of preterm and term infants 
create challenges for the use of serum creatinine as an AKI biomarker 
in these patients creating a challenge in diagnosis, management and 
even research concerning neonatal AKI. In addition nutrition as a 
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countries due to various inclusion criteria and profile of patients ad-
mitted to the PICU[10-15]. The incidence of neonatal AKI is also vari-
able. Table 2 shows AKI Incidence in various neonatal populations 
and the AKI definition used for diagnosis. Very low birth weight, a 
low 5 minute APGAR score, maternal drug administration, intuba-
tion at birth, respiratory distress syndrome, patent ductus arteriosus, 
sepsis, phototherapy and neonatal medications (Non-steroidal anti 
inflammatory drugs, Antibiotics, diuretics) are the most commonly 
reported factor predisposing to AKI in neonates[16]. Hypernatremic 
dehydration is a rarer cause of AKI in neonates that may occur as a 
result of inadequate milk intake[17,18]. Congenital renal malformations 
may presents as AKI, with progressive deterioration of kidney func-
tions. Autosomal recessive poly- cystic kidney disease may cause 
renal failure in the neonatal period, but only in a small proportion of 
patients[19].

DIAGNOSTIC AND CLASSIFICATION 
CRITERIA FOR NEONATAL ACUTE KIDNEY 
INJURY
Before 2005, the majority of neonatal AKI studies used a definition 
of AKI defined by a serum creatinine concentration (SCr) ≥ 1.5 mg/ 
dl. In 2012, Jetton and Askenazi[21] proposed a standardized neonatal 
AKI definition based on the kidney disease improving global out-
come. (KDIGO) definition for adults and children (Table 3). Ackan 
arikan slightly modified the RIFLE criteria used for classification of 
adult AKI (Table 4) definition to enhance it is applicability in chil-
dren, by specially assessing the change in serum creatinine and UOP. 
Base line serum creatinine estimation is challenging in neonates 
since serum creatinine rapidly decrease in the first week of life as the 
function of nephron mature and the lessened exposure to maternal 
creatinie level. UOP is the earliest clinical sign of AKI and it is the 
simplest method of diagnosis AKI in neonates so oligourea is consid-
ered a sensetive highly specific marker of AKI in neonates. Table 4 
compares pediatric and neonatal RIFLE criteria[12].

NEW BIOMARKERS
Traditionally used biomarkers such as blood urea nitrogen (BUN) 
and creatinine are insensitive, non-specific and do not adequately dif-
ferentiate between the different stages of AKI especially in neonates. 
A delay in diagnosis prevents appropriate timely patient management 
decisions. Early biomarkers of AKI such as Cystatin C and Beta 2 
microglobulin (B2M) facilitate earlier diagnosis and specific preven-
tative and therapeutic strategies, thus resulting in fewer complications 
and improved outcomes which was proved in many studies in pediat-
ric population[23,24]. The superiority of these biomarkers to creatinine 
was replicated in many neonatal studies[25-27]. 

MANAGEMENT OF AKI IN NEONATES
Non-dialytic management of AKI in the newborn
Identification and management of reversible causes is crucial ele-
ment in management of neonatal AKI. If urinary tract obstruction is 
identified, it should be relieved and urological consultation should 
be sought for further management[28]. Treatment of the metabolic 
complications of AKI involves appropriate management of fluid 
(This includes body weight recorded at least twice daily to facilitate 
early detection of fluid overload), electrolytes, and acid– base bal-
ance; provision of good nutrition; and initiation of renal replacement 
therapy (RRT) if conventional therapy fails. Although, newborns are 
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Table 1 Normal GFR in neonates, Children and Adolescents[8,9].

Age Mean GFR+/- SD 
(ml/min/1.73m2)

29-34 weeks GA- 1 week postnatal age 15+/- 5.6

29-34 weeks GA-  2-8 week postnatal age 28.7+/- 13.8

29-34 weeks GA- above 8 week postnatal age 51.4

1 week term males and females 41+/-15

2-8 weeks term males and females 66+/-25

Above 8 weeks term males and females 96+/-22

2-12 years (males and females) 133+/-27

13-21 years (males) 140+/-30

13-21 years (females) 126+/-22
GFR: glomerular filtration rate, SD: standard deviation, GA: gestational 
age.

Table 2 Acute kidney injury Incidence in various neonatal populations 
and the definition used for diagnosis[20].
Population AKI incidence AKI Definition

Pre-term VLBW 18% Modified KDIGO

Pre-term ELBW 12.50% Modified KDIGO

Sick near-term/term 18% Modified KDIGO

Asphyxiated newborn 38% Modified KDIGO

ECMO 71% RIFLE criteria

Cardiac surgery 62% AKIN criteria 
AKI: Acute kidney injury, VLBW: very low birth weight, ELBW: 
extremely low birth weight, ECMO: extracorporeal membrane 
oxygenation, KDIGO: kidney disease improving global outcome. RIFLE: 
risk, injury, failure, loss, end stage. AKIN: acute kidney injury neonate. 

Table 3 Neonatal acute kidney injury Kidney Disease Improving Global 
Outcomes(KDIGO) classification[21].
Stage Serum creatinine Urine output

0 No change in sCr or rise less than 0.3 mg/
dl ≥ 1 ml/kg/h

1 sCr rise ≥ 0.3 mg/dl within 48 h or sCr 
rise ≥ 1.5-1.9 x reference sCr within 7 days

≥ 0.5 ml/kg/h and 
less than 1 ml/kg/h

2 sCr rise ≥ 2-2.9 reference sCr ≥ 0.3 ml/kg/h and 
less than 0.5 ml/kg/h

3 sCr rise ≥ 3 x 3 reference sCr or sCr ≥ 2.5 
mg/dl or receipt dialysis Less than 0.3 ml/kg/h

sCr: Serum creatinine.

able to tolerate potassium levels up to 6.5mmol/L, higher levels are 
characteristic of AKI[29]. Bicarbonate therapy for correction of acido-
sis should be restricted to severe life threatening conditions. There is 
disagreement on the role of rapid infusion of sodium bicarbonate in 
intraventricular hemorrhage in neonates by causing episodic increase 
in the cerebral blood flow by causing high arterial CO2 leading to 
cerebral vasodilation[30]. 
    Osmotic diuretics should be avoided due to risk of intraventricular 
hemorrhage[28]. Loop diuretics have also been proclaimed to be renal 
protective due to their effects on the redistribution of the renal blood 
flow resulting from the changes in the prostaglandin synthesis. Loop 
diuretics should be used with caution due to their ototoxic potential 
(although reversible) and the risk of renal calculi with long-term 
use[31].
    Dopamine is a safe and effective vasopressor agent commonly 
used in neonates as a first line therapy for hypotension. Dopamine 
also improves UOP and serum creatinine in neonates transiently[32].
    Theophillin appears to have an important therapeutic effect in the 
prophylaxis of AKI in the post-asphyxial neonate. Theophillin, by an-
tagonizing the adenosine receptors, is capable of contrasting renal va-
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Table 5 Advantages and Disadvantages of Different Dialysis Modalities[40].

Modality Advantages Disadvantages

Peritoneal dialysis
No need for vascular access or blood prime; No 
systemic heparinization; Slow, continuous;  Less risk of 
hemodynamic instability 

Slower correction of metabolic parameters; Risk of peritonitis;  
Contraindicated in patients who have severe pulmonary disease and intra-
abdominal processes 

Hemodialysis
Rapid correction of metabolic abnormalities ; Rapid 
removal of fluid or toxins;  Initial modality of choice in 
metabolic; disorders such as hyperammonemia 

Vascular access; Blood prime; Risk of hemodynamic instability;  Systemic 
heparinization;  Reverse osmosis system required; Dialysis disequilibrium; 
Relative contraindications: severe; hemorrhage or hemodynamic 
instability 

Hemofiltration with 
or without dialysis 

Slow, continuous without dialysis; Less risk of 
hemodynamic instability; Citrate-based anticoagulation 
available at come centers; Removal of toxins, cytokines 

Vascular access;  Blood prime; Hypotension initially with bradykinin 
release syndrome; Systemic heparinization in some institutions 

soconstriction both preventively and during AKI (thus limiting injury 
and allowing a faster recovery)[33-35]. Despite the many and promising 
studies theophillin still does not have an official role in the guidelines 
for the treatment of AKI and its use requires further research[36]. 
    Nutritional support is highly important during AKI management in 
neonate. Protein intake should be adjusted at least to meet the basal 
growth requirements (1-2 g/kg/day) while keeping the BUN below 
the threshold for causing increase in the serum osmolarity[37].

Dialysis modalities in neonates with AKI
The main indications for initiating dialysis in neonates with AKI 
includes: severe oligoanuria (decrease in hourly urine out put to less 
than 0.5 mL/kg for more than 12 hours) despite fluid therapy, diuret-
ics, and inotropic support; hypervolemia (physical evidence of total 
body fluid overload, edema); hyperuricemia (≥13 mg/dL); severe 
metabolic acidosisdespite bicarbonate therapy and azotemia[38].
    The preferential use of hemodialysis (HD) and hemofiltration by 
pediatric nephrologists is increasing, but those modalities are techni-
cally difficult procedures. The large extracorporeal circuit volumes, 
anticoagulation, and vascular access required are limiting factors, 
particularly in neonates. As a result, peritoneal dialysis (PD) is gen-
erally the most common form of RRT in young children, including 
neonates, the advantages being relative ease of access and technical 
simplicity[19]. A study by Bojan and colleagues stated that early initia-
tion of PD in neonates and infants with AKI after cardiac surgery was 
associated with significantly lower mortality rates[39]. 
    Peritoneal dialysis is the optimal dialysis modality for neonates. 
PD facilitates the slow removal of fluids and solutes, while prevent-
ing hemodynamic instability. PD is technically a simple treatment 
modality, which can be continuously performed in neonates, hospital-
ized at neonatal intensive care units (NICUs)[40]. PD is generally per-
formed after a failed conservative treatment. Indications for dialysis 
include decompensated metabolic acidosis, hyperkalemia and/or pro-
gressive azotemia, hyponatremia with symptomatic volume overload, 
hypocalcemia, hypophosphatemia and inability to provide adequate 
nutrition (due to oliguria or anuria), hyperammonemia and accumula-

tion of neurotoxic metabolites[41]. Table 5 compares advantages and 
disadvantages of different dialysis modalities in neonates[40].
    The first large series for neonatal HD described 33 infants weigh-
ing less than 5 kg received hemodialysis treatment between1980- 
1991 in Children’s hospital, Harvard medical school with 52% sur-
vival rate at end of dialysis treatment. In 27% of these cases dialysis 
was performed through two single lumen catheters in umbilical artery 
and vein[42].
    Hemodialysis is used if PD is contraindicated, failed or when rapid 
correction of volume overload is required, severe hyperkalemia, se-
vere unremitting metabolic acidosis are present, and in the treatment 
of oxalosis and hyperammonemia. Most infants require hemodialysis 
four times weekly to avoid the fluid overload caused by their liquid 
nutrition. Neonatal blood lines have smaller internal luminal diam-
eters. Even the pump header segment has a smaller internal luminal 
diameter, thus requiring a pump speed four times greater than the 
blood flow. Dialyzers that have smaller surface areas also are used. 
The surface area can be reduced by decreasing the length of the 
dialyzer and the number of hollow fibers within the dialyzer. Some 
dialyzers require a reduction in the volume of dialysate from 500 to 
600 mL/min to 300 to 400 mL/min for the dialyzer/circuit set to work 
properly[43].
    Even with neonatal blood lines and small dialyzers, most neonates 
weighing less than 8 kg require at least occasional blood priming. If 
the hemoglobin level is maintained in the high range of normal or 
the patient is transfused concurrently during the start of dialysis, the 
infant may tolerate a crystalloid or 5% albumin prime. For many neo-
nates, warming the dialysate is insufficient to maintain normal patient 
temperature; returning the blood via a warming device sometimes 
is needed. Increasing the overhead warmer temperature is also help-
ful[43]. 
    The most commonly used equations to determine the efficacy of 
dialysis are the Kt/V equation and peritoneal equilibration testing 
(PET). Studies evaluating dialysis adequacy have not been performed 
for neonates. PET has been used extensively in pediatric patients to 
determine the permeability of the peritoneal membrane. patients with 

Table 4 Pediatric and neonatal RIFLE criteria[22].

Creatinine critreia Urine out put criteria

pRIFLE n RIFLE p RIFLE nRIFLE

Risk eCCL 
decrease by 25% ? UOP < 0.5 ml/kg/hrx8hr UOP < 1.5 ml/kg/hr for 24 hr

Injury e CCLdecrease by50% ? UOP < 0.5 ml/kg/hrx16hr UOP < 1.O ml/kg/hr for 24 hr

Failure eCCL decrease by 75% or 
eCCL < 35ml/min/1.73m2 ? UOP < 0.3 ml/kg/hrx24hr 

or anuric for 12hr. UOP < 0.7 ml/kg/hr for 24 hr or anuric for 12 hr

Loss of function Persistant failure > 4 weeks Persistant failure > 4 weeks Persistant failure > 4 weeks Persistant failure > 4 weeks 

End stage Persistant failure > 3 month Persistant failure > 3 month Persistant failure > 3 month Persistant failure > 3 month
eCCL: estimated creatinine Clearance.UOP: urine output. Hr: hour, Question mark (‘?’) is intended to mean uncertain thresholds, RIFLE: risk, injury, 
failure, loss. pRIFLE: pediatric RIFLE. nRIFLE: neonatal RIFLE
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18. Manganaro R, Mamì C, Marrone T, Marseglia L, Gemelli M. In-
cidence of dehydration and hypernatremia in exclusively breast-
fed infants. J Pediatr. 2001; 139(5): 673-675. [DOI: 10.1067/
mpd.2001.118880].

19. Haycock GB. Management of acute and chronic renal failure 
in the newborn. Semin Neona-tol. 2003; 8(4): 325-334. [DOI: 
10.1016/S1084-2756(03)00044-7]

20. Selewski DT, Charlton JR, Jetton JG, et al. Neonatal acute kid-
ney injury. Pediatrics. 2015; 136(2): e463-473. [DOI: 10.1542/
peds.2014-3819]

21. Jetton JG, Askenazi DJ. Update on acute kidney injury in the neo-
nate. Curr Opin Pediatr. 2012; 24(2): 191-196. [DOI: 10.1097/
MOP.0b013e32834f62d5]

22. Ricci Z, Ronco C. Neonatal RIFLE. Nephrol Dial Transplant. 
2013; 28(9): 2211-2214. [DOI: 10.1093/ndt/gft074]

23. Vaidya VS, Ferguson MA, Bonventre JV. Biomarkers of acute 
kidney injury. Annu Rev Pharmacol Toxicol. 2008; 48: 463-493. 
[DOI: 10.1146/annurev.pharmtox.48.113006.094615].

24. Askenazi DJ, Ambalavanan N, Goldstein SL. Acute kidney in-
jury in critically ill newborns: What do we know? What do we 
need to learn?. Pediatr Nephrol. 2009; 24(2): 265-274. [DOI: 
10.1007%2Fs00467-008-1060-2].

25. El-Frargy MS, El-Refaey AM, Eid R, Hussien MA. Serum cys-
tatin-C and BETA 2microglobulin as accurate markers in the early 
diagnosis of kidney injury in neonates: A single center study.Saudi 
J Kidney Dis Transpl. 2015; 26 (4): 712-717. [DOI: 10.4103/1319-
2442.160151]

26. Kandasamy Y, Smith R, Wright IM. Measuring cystatin C to de-
termine renal function in neonates. Pediatr Crit Care Med. 2013; 
14(3): 318-322. [DOI: 10.1097/PCC.0b013e318271f4a5] 

27. Filler G, Grimmer J, Susan Huang SH, Bariciak E. Cystatin C for 
the assessment of GFR in neonates with congenital renal anoma-
lies. Nephrol Dial Transplant. 2012; 27 (9): 3382-3384. [DOI: 
10.1093/ndt/gfs253].

28. Chua AN, Sarwal MM. Acute renal failure management in the 
neonate. NeoReviews. 2005; 6(8): e369-e76. [DOI: 10.1542/neo.6-
8-e369].

29. Gouyon JB, Guignard JP. Management of acute renal failure in 
newborns. Pediatr Nephrol. 2000; 14(10-11): 1037-1044. [PMID: 
10975322].

30. Ballabh P. Intraventricular Hemorrhage in Premature Infants: 
Mechanism of Disease. Pediatric research. 2010; 67(1): 1-8. 
[DOI: 10.1203/PDR.0b013e3181c1b176].

31. Bagshaw SM, Delaney A, Haase M, Ghali WA, Bellomo R. Loop 
diuretics in the management of acute renal failure: a systematic 
review and meta-analysis. Crit Care Resusc. 2007; 9(1): 60-68. 
[PMID: 17352669].

32. Friedrich JO, Adhikari N, Herridge MS, Beyene J. Meta- analysis: 
low-dose dopamine increases urine output but does not prevent re-
nal dysfunction or death. Ann Intern Med. 2005; 142(7): 510-524. 
[PMID: 15809463].

hightransport membranes have excellent Kt/V values because urea 
and creatinine diffuse well, but have poor ultrafiltration rates because 
the dextrose diffuses quickly across the membrane, thereby rapidly 
decreasing the osmolality gradient needed for ultrafiltration. Many 
neonates have high-transport membranes[40]. 

Prognosis of neonatal AKI
There are few studies on the long-term prognosis of neonatal AKI 
regarding long-term kidney disturbances, such as chronic renal insuf-
ficiency, hypertension and defect in renal concentration. Therefore, 
it is important to emphasize the need for a prolonged and careful fol-
low-up of all neonates who suffered from AKI, especially preterm[44]. 
In general AKI with conserved diuresis has better survival and long 
term outcome while AKI with contracted diuresis has poor outcome 
specially in presence of multiple organ failure[36]. 
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