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AKI in neonates

Selewski Pediatrics 2015



RIFLE score

Ricci Nephrol Dial Transplant 2013



A question of renal capital

Wühl Pediatr Nephrol 2008
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Fetal programming: glomerular number

Schreuder Kidney Int 2007



Paixão Biol Reprod 2013

Maternal environment

Prematurity

Jarvelin Hypertension 2004

Fetal programming: BP



Epidemiology: gestional age distribution and AKI status

AWAKEN study – 2162 critically ill neonates from 24 NICUs
Jetton Lancet Child Adolesc Health 2017



Epidemiology: infant variables

AWAKEN study – 2162 critically ill neonates from 24 NICUs
Jetton Lancet Child Adolesc Health 2017



Decrease in GFR

• Plasma creatinine
– Late (50 % nephron loss)

– Overestimation

– Which method? (interférence)

– When?

• Clearance measurement

• Estimation formulas
– Which K? 

– Indivudual vs. population?

• New markers
– Cystatine C

– Others?

Urine output

• Maintaining homeostasis…

• 99 % 1st micturition <48 h

• 1st urine
– Low concentration capacity

– Solute losses

• Variable urine output

• In case of anuria
– Prenatal information?

– Obstruction?

– AKI?

– Just wait?

Definition



Plasma creatinine

6

7

8

9

10

11

12

13

J1 J2 J3 J4 J5

P
la

s
m

a
 c

re
a

ti
n

in
e

 (
m

g
/L

)

Gouyon Pediatr Nephrol 2000

Birth weight 1-2 days 8-9 days 15-16 days 22-23 days

1001-1500 g 95 ±5 64 ±5 49 ±4 35 ±3

1501-2000 g 90 ±5 58 ±7 50 ±8 30 ±2

2001-2500 g 83 ±5 47 ±8 38 ±8 30 ±10

Full-term 66 ±3 40 ±4 30 ±8 27 ±7

Selewski J Pediatr 2013

Influence of maternal PCr

Fetal/maternal PCr

PCr during the first 5 days of life (mg/L) 

▪ Full-term baby
▪ PCr <15 mg/L [<133 µmol/L]

▪ Decrease over 5 days

▪ Premature baby
▪ Tubular reabsorption of creatinine

▪ Increased PCr in very LBW

▪ Decrease over 2 to 3 weeks

Evolution of PCr, µmol/L

Schwartz J Pediatr 1984
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Handbook of Pediatric Nephrology ESPN 2003

GFR, mL/min per 1.73m²

Vieux Pediatrics 2010

GFR maturation



Plasma cystatin C vs. Plasma creatinine?

Finney Arch Dis Child 2000

Plasma cystatin C Plasma creatinine



Siegel Acta Paediatr Scand 1976

Excreted fraction of sodium

FeNa (%) = (PCr*UNa/PNa*UCr)*100

Inverse correlation with gestational age

Tubular maturation



Sarafadis Pediatr Nephrol 2012

What about other markers to predict AKI?



Askenazi J Pediatr 2012

What about other markers to predict AKI?

Without AKI With AKI



▪ Very early

▪ Able to assess short and long-term renal function

▪ Able to differenciate glomerular and tubular lesions

▪ Independent of term at the time of diagnosis

Ideal marker



▪ Individual metabolomic profile

▪ 20 children with/without AKI

▪ Hippurate & homovanillate

Kelly Mercier Pediatr Nephrol 2016

In the future: use of metabolomics?



What about numbers…
Plasma creatinine

>24h according to mother’s PCr

Kinetic profile during the first days of life 

Importance of a « non-decrease » during the first week of life

Urine output
AKI < 0.5 to 1 mL/kg per hour

Over which time interval?

Delayed 1st micturition

Fluctuation over 24h

Challenging urine collection

Give priority to global presentation
Associated metabolic disorders

At-risk conditions (ductus arteriosus, concomitant treatments, etc.)

Ultrasonography
Kidney size

Parenchymal differenciation

New and forthcoming markers yet to be evaluated/validated

Diagnosis: Take home message…



Acute tubular necrosis
Cortical necrosis

Vascular thrombosis
Acute tubulointerstitial nephritis (drugs, viruses)

Neonatal hypoxia
Hypovolemia
Heart failure

Respiratory distress

PUV
Obstruction

Toth-Heyn Pediatr Nephrol 2000

Respiratory distress

Acidosis – Hypercapnia - Hypoxia

Mechanical ventilation

 Venous return

 Cardiac output

Catecholamines 

Adenosine 

RAS 

ADH 

Renal hypoperfusion  GFR Oliguria/Anuria

AKI and respiratory distress

Preglomerular vasoconstriction

Post-glomerular vasodilation

Sodium retention

Water retention

Hypotension
Hypovolemia

Predisposition
Genetic polymorphism
IL10-6, IL1b, TNFα, ACE

Inherited conditions
Congenital nephropathy

CAKUT

Etiologies



Drug-induced AKI in the neonatal period: NSAIDs

Vieux Pediatr Nephrol 2010Selewski Pediatrics 2015



Drug-induced AKI in the neonatal period: NSAIDs

Vieux Pediatr Nephrol 2010

Urine output GFR

Controls Ibuprofen



Drug-induced AKI in neonates: Vancomycin and Gentamicin

Constance Arch Dis Child Fetal Neonatal Ed 2015



Primary disease in patient starting RRT in the 1st month of life

Van Stralen Kidney Int 2014

Diagnosis (N= 264) N %             
CAKUT 144 54.6
Cystic kidney disease 35 13.3
Cortical necrosis 30 11.4
Congenital nephrotic syndrome 15 5.7
Renal vascular disease 9 3.4
Hemolytic uremic syndrome 3 1.1
Angiotensin-receptor blockade fetopathy 3 1.1
Oxalosis 2 0.8
Other not specified 23 8.7



▪ Recognize at-risk situations

▪ Primum non nocere
▪ Nephrotoxic drugs

▪ Clinical assessment of pre-renal condition
▪ In/out volumes ml [poids]

▪ Management of shock/hypovolemia
▪ 0,9% saline 20mL/kg over 20 min: result?

▪ ± Noradrenaline? Dopamine? Corticosteroids?

▪ Diuretics?

▪ Correction of acidosis, both metabolic and respiratory

▪ Electrolytic disturbances

▪ Hyponatremia

▪ Hyperkalemia

▪ Nutrition 

▪ Extrarenal support

Prevention!

Seminars in Fetal & Neonatal Medicine 2006

Management



▪ Simple technique

▪ No vascular access, PD catheter at bedside if required

▪ Stable BP

▪ Automated device

▪ Home treatment

▪ Relies on experience

▪ Risk of peritonitis

▪ Global challenge

▪ Ethical issues

Photos système de DP manuelle

bag

patient

UF

Peritoneal dialysis



Peritoneal dialysis

Early: < 24 hours following surgery
Delayed: > 24 hours following surgery



HD – CRRT

Ronco Lancet 2014
Ronco Am J Kidney Dis 2015



▪ New/revisited approaches
▪ Theophylline (0.5-8 mg/kg) [adenosine antagonist]

▪ Anti-thromboxane receptor

▪ Calcium channel inhibitors

▪ ATP-MgCl2 (prevention of cell damage)

▪ Thyroxine ( ATP)

▪ Cytokines 

▪ Ischemia-reperfusion
▪ Stem cells

Other options and future developments



A randomized, placebo-controlled trial of the effect of theophylline in term

neonates with perinatal asphyxia 
Bhat J Pediatr 2006

30 Placebo vs. 40 Theophylline

Single dose, 8 mg/kg

Increased urine output from D2 to D5

Increased GFR from D2 to D3 

20±8 vs 7±4; p < 0.001

Severe renal dysfunction

25 % vs 60 %

Decreased β2M excretion

But PCr and eGFR comparable at 1 year

Theophylline

Placebo



Dopamine
Cochrane Database of Systematic Reviews 2007

There is no evidence from randomized trials to support the use of 

dopamine to prevent renal dysfunction in indomethacin-treated preterm

infants (Barrington K, Brion LP)

There is currently insufficient evidence from randomised controlled trials 

that the use of dopamine in term infants with suspected perinatal asphyxia 

improves mortality or long-term neurodevelopmental outcome (Hunt R, 

Osborn D)



▪ Better survival in the absence of oliguria/anuria

▪ Mortality rate increased by 25 to 68 % in case of oliguria/anuria

▪ 58 % sequellae

▪ Arterial hypertension

▪ Microlabuminuria

▪ Impaired GFR

▪ Concentrating defect

▪ Hyperfiltration

▪ A lifelong monitoring is required

Outcomes

AWAKEN study – 2162 critically ill neonates from 24 NICUs
Jetton Lancet Child Adolesc Health 2017



Long-term outcome of VLBW infants with neonatal AKI

GFR at birth

Abitbol Pediatr Nephrol 2003



AKI: additional risk for the developing kidney in the long term

Carmody Pediatrics 2013



In summary,

Carmody Pediatrics 2013



▪ Anticipate at-risk conditions

▪ Give priority to

▪ Maintenance of hemodynamics

▪ Take care of any additional action

▪ Tricky definition
▪ Looking for an ideal marker

▪ Adapted investigations

▪ Increasing incidence (VLBW neonates)

▪ Prognosis

▪ Extrarenal damage

▪ (Very) long-term follow-up

Conclusion - 1



▪ Follow-up (frequency to be adapted - up to /5 yrs)
▪ Serum creatinine (Schwartz)

▪ Urine albumin:creatinine ratio

▪ Blood pressure

▪ Control of risk factors
▪ Normalization of diet intake (Na, proteins)

▪ Prevention of obesity and tobacco consumption

▪ Avoid nephrotoxicity

▪ Drug renoprotection?
▪ ACE-i

▪ ARA-2

▪ Antifibrotic agents

Conclusion - 2
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