
AKI  PATHOGENESIS 

Stefano Picca, MD 
Department of Pediatrics, Dialysis Unit 

“Bambino Gesù” Pediatric Research Hospital, IRCCS 

ROMA, Italy 

 

 Third IPNA-ESPN Master for Junior Classes  
Leuven (Belgium), October 28-30th, 2016  







1. The scenario: AKI in the pediatric setting 
2. AKI genesis: causes and mechanisms 

OUTLINE 



Pediatric AKI studies     

• Pre-2004: focus on RRT-requiring AKI and technique 

• Epidemiology: Rare, HUS, GN, sepsis, cancer 

• Transition of PD/HD to CRRT: prospective pediatric 

CRRT registry largest child Epi study 

 

• Post 2005: 

• Definitions 

• AKI as a contributor to poor outcome 

• Interest: understanding disease patterns and prevention 

Zappitelli M, 2016 



• 10% of all children admitted in PICU suffer from varying degrees of AKI  
(Schneider, 2010) 
 

• AKI carries a 50% mortality rate in children requiring CRRT (Symons, 2007) 
 

• Pediatric AKI survivors are at risk for progression to  CKD (Askenazi, 2006) 
 

• AKI worsens  mortality rates, increases duration of mechanical ventilation, 
prolongs hospital stays in critically ill children (Basu, 2011) 

 
• AKI-associated mortality is not solely secondary to standard sequelae 

(e.g., hyperkalemia, acidosis, or uremia (cross-talk between the kidney 
and other vital organs) (Doi, 2011) 

AKI in children:   
the dimension of the problem 



FACTORS AFFECTING AKI INCIDENCE 

AKI definition: more than 30 definitions until sCreat/UO based classifications… 

Local conditions 

Developing countries 

Developed countries 

Complex treatments   
(high morbidity) 

Non-complex treatments 
(low morbidity) 

Local diseases  
(dehydration, malaria,  

envenomation, etc) 

underreporting 

Dialysis availability… 



AKI OR AKI RECOGNITION IS INCREASING 

Vachvanichsanong et al, Pediatrics, 2006 (THAILAND) 



Olowu, 2016 



from Flynn JT, 2002 

1985-1997 



Hui-Stickle S, 2004 

…Primary renal diseases accounted for only 17 cases (7%; acute glomerulonephritis  

[9 patients], pyelonephritis [5 patients], and hemolytic uremic syndrome [3 patients]). 



AKI: Pediatric Issues 

  1.  Broadening of pediatric AKI epidemiology  

 due to morbidity deriving from new complex treatments 

(heart surgery, BMT, liver and heart tx, etc) 

Outcome interpretation is difficult 

2.   In critical children with AKI: 

• Lack of prospective studies 

•  Lack of treatment stratification (medical and                          

dialysis) 

• Inconsistent control of  illness severity 

More critical children with AKI receiving  
 Intensive Care 

 



Differently from adult patients: 

• Children die less but develop MODS early in ICU course 

– Maximum number of organ failures occurs within 72 
hours of ICU admission (87% of patients) 

• Children die with MODS very early in ICU course 

– 88.4% of deaths occur within 7 days of MOSF diagnosis 

Quick identification of children at risk of AKI 

is needed in order to initiate early treatment 

Proulx F, 1994 

PEDIATRIC MODS: EARLIER AND WORST 



• How “new” pediatric AKI epidemiology affects  
management  

• Presently, in a typical western world, tertiary care 
hospital setting pediatric AKI is more often due to 
systemic diseases or is part of the comorbidities 
induced by the  new treatments than to primary renal 
diseases. 

TAKE HOME MESSAGE: 
→ we are more and more engaged in domains    
         different from Pediatric Nephrology 



Andreoli, 2009 

The “classic” approach 



KDIGO 2012 

The “modern” approach 





Goldstein, 2016 Goldstein, 2016 



NON-AKI 

AKI 

SEPSIS 
NEPHROTOXICITY 

NEONATAL  

HYPOXIA 

SHOCK 

CAPILLARY  

LEAK SYNDROME 

LOW CARDIAC  

OUTPUT 

CATABOLISM 

Several simultaneous 

mechanisms →  

Who’s the guilty?  



• Tubular Damage: 1. Ischemic, 2. Nephrotoxic  

• Glomerular Damage : glomerulopathies 

• Interstitial Damage: acute interstitial nephritis (antibiotics, 

infections ) 

• Vascular Damage: hemolytic uremic syndrome 

(HUS)/thrombotic thrombocytopenia purpura (TTP) 



baseline conditions  

hemodynamic disturbances  

 nephrotoxic insults 

inflammatory responses 
AKI 



• Even though the kidney is only 0.5% of total bodyweight, it uses 
approximately 7% of the O2 consumed by the body 

 

• Under pathological conditions the balance of O2 supply 
compared with demand is disturbed due to the unique 
arrangement of the renal microvasculature and its diffusive 
shunting pathways 

KIDNEY OXYGENATION 

Hansell 2012 





MAIN MECHANISMS OF AKI PHASES 

• Initiation: ATP depletion, disruption of cytoskeleton (F-
actin damage), up-regulation of IL1, IL6, TNFα,  

• Extension: inflammatory cascade of cytokines 

• Maintenance: repair, migration, apoptosis and 
proliferation 

• Recovery: cellular differentiation continues, epithelial 
polarity is re-established and organ function returns 



Basile, 2012 



Basile, 2012 



Basile, 2012 





CONCLUSIONS 

• AKI genesis is a challenging process  

• AKI causes definition has been and is changing in last years due both to improved 
recognition (emerging countries) and to changes in AKI exposure mainly as a 
consequence of  new treatments (developed countries) 

• AKI genesis constantly depends on and may interact with the genesis of underlying 
disease  

• Better comprehension of AKI genesis mechanisms is a clue issue to its prevention , 
provided that AKI recognition is made in time.  
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• Renal oxygenation: balance between oxygen (O2) supply and consumption (QO2)  

• Under physiological steady state conditions , O2 supply to the renal tissues is well in 
excess of the O2 demand : 

• Renal O2 extraction in the healthy kidney is only 10–15% (in most other organs it is closer 
to 45%)  

• Under pathological conditions the balance of O2 supply compared with demand is 
disturbed due to the unique arrangement of the renal microvasculature and its diffusive 
shunting pathways 

• High O2 demand is associated with the tubular QO2 necessary for solute exchange and 
the high rate of aerobic glycolysis  

• Even though the kidney is only 0.5% of total bodyweight, it uses approximately 7% of the 
O2 consumed by the body 

• The vast majority of QO2 is due to reabsorption of approximately 99.5% of filtered 
sodium (Na+) 

KIDNEY OXYGENATION 

Hansell 2012 



Causes 

• AKI due to other causes >>> primary renal disease 
– Developing countries:  

• More importance of primary renal disease, Malaria, HUS 

• However, now secondary causes emerging 

– “TOP HITS” around room: 

• “ATN” 

• “Hypovolemia” 

• Sepsis  

• Nephrotoxic medication – almost always significant when looked at!! 

• Heme-Onc 

• Cardiac surgery  

 

 
Zappitelli M, 2016 
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CHANGE IN THE EPIDEMIOLOGY OF AKI 

Primary renal disease AKI as complication 
of 

systemic diseases 

Single organ failure 

Renal ward/ 
Dialysis Unit 

MODS 

ICU 

+ 

Courtesy of E. Vidal, modified 



17.9% Canada  
(Alkandari et al., Crit Care 2011) 

30% USA 
(Akan-Arikan et al., KI 2007) 

58% The Netherlands 
(Plotz et al., Intensive Care Med 2008) 

25.1% South India  
(Krishnamurthy S et al., Ind J Pediatr 2013) 

AKI Incidence: PICU 

Courtesy of E. Vidal 



IN NEONATES 

“Immature” newborn kidney 

Torres de Melo Bezerra, NDT 2013 

Low GFR 

 

High Urine Output 

 
To accomplish the physiologic extracellular 
post-natal fluid reduction (10% weight loss) 

 

To manage the large water load coming 
from breast feeding  

 



nRIFLE 

Ricci, Ronco, adapted from Torres de Melo Bezerra, NDT 2013 



DISEASE AND SURVIVAL 

Diagnosis N Survival Diagnosis N %Survival 

BMT 26 42% HUS 16 94% 

TLS/Malig 17 58% ATN 46 67% 

CHD 47 39% Liver Tx 22 17% 

Heart Tx 13 67% Sepsis 39 33% 

 

 

Bunchman TE et al: Ped Neph 16:1067-1071, 2001 

Slide courtesy of T.E.B. 

 

 Pts on Vasopressors survival = 35% 

 Pts not on Vasopressors survival = 89% 

  (p < 0.01) 


