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Objectives 

Summarize the dilemmas in diagnosing & 
recognizing AKI in neonates 

Provide a paradigm for diagnosis and 
assessment 

Review medical treatment options 

Review available renal replacement 
options 



Maturation of Kidney Function:birth to 2 years 

  Preterm Term 3 MOS 6 MOS 12 MOS 24 MOS 36 MOS 

SCr 

mg/dl 

0.7±0.3 0.5±0.1 0.4±0.2 0.3±0.2 0.3±0.1 0.3±0.2 0.3±0.2 

ScysC 

mg/L 

1.4±0.2 1.3±0.2 1.2±0.3 1.0±0.2 0.9±0.2 0.7±0.1 0.7±0.1 

GFRINULIN 

ml/min/1.73m
2 

44±9 55±8 60±17 87±22 96±12 105±17 111±19 

eGFRcr 

ml/min/1.73m
2 

24±7 46±10 63±8 92±10 105±12 120±17 113±10 

eGFRcysC 

ml/min/1.73m
2 

46±10 54±8 61±10 78±8 92±12 112±10 112±8 

eGFRTKV/cys

C 

ml/min/1.73m
2 

54±8 58±9 63±17 75±6 84±20 107±16 107±16 



Supported by the Gerber Foundation 

eGFR = GA + MAP + TKV 



Endogenous Markers of GFR 

Cystatin C 

 Small molecular weight 
protein: cysteine protease 
inhibitor 

 Filtered by the glomeruli & 
totally reabsorbed & 
metabolized by the 
proximal tubules. 

 Does not appear in the 
urine except for tubular 
injury. 

 Cost $10-$15 

 

Creatinine 

 Endogenous product of 
creatine (muscle 
breakdown) 

 Filtered by glomeruli but 
also secreted & 
reabsorbed in some 
physiologic states 

 Dependent on muscle mass; 
i.e. poor marker for infants 
& elderly 

 Cost: $1-$2 



Cr versus CysC versus Combined Eq for eGFR 





Underdiagnosis of Neonatal  

Acute Kidney Injury 

 Serum creatinine is the only traditional marker of 
GFR 

 “Myths” regarding serum creatinine in infants 
perpetuate under recognition of AKI 

 Inulin as “gold standard” for measuring GFR is no 
longer available 

  Cystatin C as a novel biomarker has only 
recently been accepted in adults & is not well 
studied in infants  





Unique Challenges 

with Neonatal 

Kidney Failure 

 Recognizing and defining the 

disease 

 Collaboration with 

Neonatologists, Intensivists, 

Nephrologists, Nursing, the 

Institutions and Industry 

 Adaptation and Innovation 

 Education and propagation. 





Definitional overlap and outcomes for specific patient cohorts.  

Scott M. Sutherland et al. CJASN 2015;10:554-561 



Neonatal AKI KDIGO (Kidney Diseases: 

Improving Global outcomes) definition 

Stage Serum Creatinine Urine output over 24 h 

0 No change in serum creatinine or rise <0.3 mg/dl >1 ml/kg/h 

1 

(Risk) 

SCr rise ≥ 0.3 mg/dl within 48 h or SCr rise ≥ 1.5 to 1.9 * 

reference SCra within 7 days 

>0.5 and ≤ 0.5ml/kg/h 

2 

(Injury) 

SCr rise ≥ 2 to 2.9 * reference SCra >0.3 and ≤0.5 ml/kg/h 

3 

(Failure) 

SCr rise ≥ 3* reference SCra or SCr≥ 2.5 mg/dl* or Receipt of 

dialysis 

≤0.3 ml/kg/h 

SCr: serum creatinine 
a Reference SCr is defined as the lowest previous SCr value 

*SCr value of 2.5 mg/dL represents a clearance <10 ml/min/1.73m2 
 



Although the low gestational age group was the smallest number 

of the cohort, they had the highest incidence of AKI. 



KDIGO vs AWAKEN: SCr Sequence 

KDIGO AWAKEN 

 KDIGO parameters may not distinguish AKI in neonates during the first 

week. 

 Whereas, late follow-up may be required to pick up failure to “recover” 

from AKI with both. 



Conclusions 

• A diagnosis of Neonatal AKI by SCr-based definitions requires 

adjustment for gestational age and early developmental 

adaptations. 

• Extremely preterm infants (<29 weeks’ GA), have SCr values 

significantly above those infants of greater GA with an absolute 

SCr>1.5 mg/dL falling above the 95th percentile. 

• The maximum rise and lack of decline in SCr is likely the most 

reliable predictor of AKI when considering the KDIGO definition. 

• Future refinements of SCr-based definitions, including provisions for 

GA, will be necessary in order to accurately diagnose Neonatal AKI. 

• It is likely that other markers of injury rather than function are 

necessary to diagnose Neonatal AKI accurately.  

 





Short definition of neonatal acute kidney 
injury 

Short Definition  

Neonatal Acute Kidney Injury 

SCr Rise Rise in SCr ≥0.3 mg/dL (27 mM/L)a 

Peak SCr Peak SCr ≥ 1.5 mg/dL (132 mM/L)b 

Nadir SCr Nadir SCr ≥ 0.5 mg/dL (44 mM/L)c 

SCr: serum creatinine 
a Reference SCr is defined as the lowest previous SCr value 
b Peak SCr is the highest SCr from baseline 
c Nadir SCr is the lowest SCr at discharge or 30 days of age 

  





Urinary Indices in Pre-renal and Intrinsic nAKI 



Tenants of Conservative Management 
 Restore fluid and electrolyte balance  

 Correct hyponatremia slowly avoiding hypertonic saline.  

 Correct hypernatremia slowly and with enteral free water if possible. 

 Correct hyperkalemia (>7.0 mM/L) expeditiously but cautiously; then, prevent recurrence. 

 Albuterol (beta-adrenergic agonists) by inhalation (0.4 mg in 2 ml of saline)  

 Glucose and insulin (Dextrose 10% at 5 ml/kg with regular insulin 0.1 units/kg) over 30 
minutes. 

 Force a diuresis with theophylline (3-5 mg/kg) and furosemide (1-2 mg/kg) 

 Discontinue all potassium containing intravenous/ enteral sources 

 Correct acidosis slowly with isotonic sodium bicarbonate solution (do not exceed 2% 
solution) 

 Sodium polystyrene sulfonate (SPS) (Kayexalate) preferably by pretreating the formula and 
avoid giving directly to the infant. 

 Avoid nephrotoxic medications 



Preventive and Pre-emptive therapies 

 
 Vasoactive support 

 Dopamine & dobutamine 

 Fluid Management 

 Recognition of capillary leak 

 Avoidance of excessive colloid 

 Recognize Critical Edema (10%=Increased Mortality) 

 Avoidance of Nephrotoxic Drugs 

 Diuretics 

 Methylxanthines 

 Aminophylline 

 Caffeine 



Unique Challenges with Neonatal AKI 

PATIENT 

 Small size 

 Gestational Age 

 Active nephrogenesis 

 Developmental immaturity 

 Recognition 

 Underlying Cause(s) and severity of 

renal failure 

 Control of Fluid/ volume status 

 Co-morbidities with multi-organ failure 

RESOURCES 

 Available equipment 

 Protective & supportive 

environment 

 Experienced and skilled physician 

& nursing staff, Intinsivists, 

surgeons 

 Ethical sensitivity and 

compassion for recognizing 

futility. 



Indications for Renal Replacement Therapy 

 15 percent or greater fluid overload 

 Oliguria not responsive to diuretics 

 Escalating ventilatory requirements, especially if related to 

volume status (prior to intubation is preferred when possible) 

 Need for adequate nutrition, especially when nutrition is 

compromised by fluid restriction or electrolyte abnormalities 

 Need for provision of large volumes of medications or blood 

products in a patient already >10 percent fluid overloaded 

 BUN between 80 and 100 mg/dL 

 Life-threatening metabolic derangements (eg, hyperkalemia or 

hyperammonemia) that are refractory to medical management 



Dialysis modalities for infants & small children 



Infants are NOT Small Children 

Blood Primes 

Access 

Machines are Really not designed for small 
children 

Need high blood flow /kg 

Need high clearances for citrate clearance 

Thermic Control is critical 

Not FDA approved for small children 



Adapting Adult Machines 
to Infants and Small 
Children  Vascular access 

required 

 Blood flow rates 

limited 

 Blood prime 

 AN69 Membrane 

with “Bradykinin 

release”  



 NO blood prime (ECV<35 
ml) 

 Small caliber vascular 
access 

 Low blood flow rates 

 SCUF + CVVH 

 Available in the USA 

 Relatively inexpensive 

 



 Developed for use for infants 

and small children. 

 ECV 25 to 45 ml with different 

size filters 

 Provides convection and 

diffusion 

 Not available ion the USA 





Survey of Worldwide Pediatric Nephrologists  

Re: RRT 



Key Points 

 There is to date no validated definition of neonatal acute kidney injury (nAKI). 

 Serum creatinine-based definitions of nAKI will vary with gestational and postnatal age. 

 Early recognition and reversal of Stage 1 (Prerenal) AKI requires risk assessment and 

frequent monitoring of renal function and injury. 

 Prevention should include avoidance of nephrotoxic exposures and early intervention for 

reversal of cause, i.e. relieve obstruction, treat sepsis and support blood pressure. 

 Management should be directed at conservative fluid resuscitation, maintenance of 

diuresis, electrolyte balance and nutritional support. 

 Dialytic interventions require specialized technical adaptations of treatment modalities and 

consideration of co-morbidities. 

 Long-term follow-up is essential to recognize and treat chronic kidney disease, a likely 

sequela of nAKI. 




