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 1886s - Creatinine
(Jaffe reaction)

 1950s AST
 1960s CK
 1970s CK and LDH Isoenzymes

 1980s CK-MB Mass

 1990s Troponins
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AKI non requiring dialysisisAKI non requiring dialysisis AKI requiring dialysisisAKI requiring dialysisis

The number of cases of AKI is progressively increasingThe number of cases of AKI is progressively increasing
The demand for renal replacement therapy is increasingThe demand for renal replacement therapy is increasing
The cost for patients requiring RRT is higher than averageThe cost for patients requiring RRT is higher than average
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Sepsi, insufficienza Sepsi, insufficienza 
multisistemicamultisistemica

Malattie critiche (es. Malattie critiche (es. 
scompenso cardiaco)scompenso cardiaco)

Agenti nefrotossici (es. Agenti nefrotossici (es. Agenti nefrotossici (es. Agenti nefrotossici (es. 
mezzi di contrasto)mezzi di contrasto)

Interventi chirurgici (es. Interventi chirurgici (es. Interventi chirurgici (es. Interventi chirurgici (es. 
bypass coronarico)bypass coronarico)

Adattata da: Parikh CR e Devarajan P, Crit Care Med 2008; 36: S159Adattata da: Parikh CR e Devarajan P, Crit Care Med 2008; 36: S159--S165S165
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De Mendonça A et al. Intensive Care Med 26 : 915De Mendonça A et al. Intensive Care Med 26 : 915--921, 2000921, 2000
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 I segni clinici di AKI compaiono solo dopo significative
diminuzioni del GFR;

 I campioni di urina di 6 e 12 h non vengono usualmente
raccolti e non possono perciò essere considerati negli
studi retrospettivi;

 I valori di creatinina e GFR fanno riferimento ad un
basale che spesso non è disponibile;

 Il calcolo di eGFR con MDRD non è appropriato in caso di
modifiche rapide della funzionalità renale;

 Anche modeste variazioni della creatinina si associano a
“poor outcomes”;

 Non considerano il sito e la natura del danno che fa
precipitare la funzione renale.
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Cerdà J et al, Clin J Am Soc Nephrol 2008; 3: 881-886Cerdà J et al, Clin J Am Soc Nephrol 2008; 3: 881-886



 “Because acute kidney injury is
asymptomatic untile extremes of loss of
function are reached and has no
characteristic clinical findings, diagnosis
typically occurs in the context of another
acute illness.

 Under most circumstances, AKI is
diagnosed in high-risk contexts (eg, sepsis,
major surgery, bleeding, volume losses) by
laboratory tests.

 Creatinine and urea concentrations are the
standard diagnostic analytes”.
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Bellomo R, et al. Lancet 2012Bellomo R, et al. Lancet 2012



Le manifestazioni cliniche di un danno renale acuto (aumento creatinina,
contrazione diuresi) si manifestano molte ore dopo il danno molecolare

L’esigenza di disporre di nuovi biomarcatori che evidenzino l’insorgere di
AKI ben prima dell’aumento della creatininemia costituisce una priorita’
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Bellomo R, et al. Lancet 2012Bellomo R, et al. Lancet 2012



Coca SG et al, Kidney Int, 2007Coca SG et al, Kidney Int, 2007

Established AKIEstablished AKI

Early AKIEarly AKI

Severity of AKISeverity of AKI



Vaidya VS, Ferguson MA, Bonventre JV. 
Biomarkers of Acute Kidney Injury.
Annu Rev Pharmacol Toxicol 2008;48:463-493





Ross JF et al., Clin Biochem 40, 2007Ross JF et al., Clin Biochem 40, 2007
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Diagnostic Odd ratio (95% CI)

 Cistatina C 54.001 (30.175 - 96.641)
 Creatinina 16.297 (8.348 – 31.785)
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Cause di aumento dei livelli ematici





 InterleuchinaInterleuchina (IL)(IL) --1818 èè sintetizzatasintetizzata comecome unun precursoreprecursore inattivo didi 2323
kDakDa dada diversidiversi tessutitessuti qualiquali monociti,monociti, macrofagimacrofagi ee cellulecellule tubularitubulari
prossimaliprossimali epitelialiepiteliali.. StatiStati infiammatoriinfiammatori generalizzati,generalizzati, comecome ilil dannodanno
dada ischemia/riperfusioneischemia/riperfusione deidei tubulitubuli prossimali,prossimali, induconoinducono ilil clivaggioclivaggio
intracellulareintracellulare deldel precursore,precursore, cheche portaporta allaalla formaforma maturamatura didi ILIL--1818..

 StudiStudi susu modellimodelli animalianimali indicanoindicano cheche ILIL--1818 èè unun mediatoremediatore didi necrosinecrosi
tubularetubulare acuta,acuta, cheche induceinduce infiltrazioneinfiltrazione deldel parenchimaparenchima renalerenale siasia dada
parteparte didi neutrofilineutrofili cheche didi monocitimonociti..

 StudiStudi trasversalitrasversali indicanoindicano cheche ii livellilivelli urinariurinari didi ILIL--1818 sonosono
notevolmentenotevolmente elevatielevati neinei pazientipazienti concon necrosinecrosi tubularetubulare acutaacuta rispettorispetto aiai
controllicontrolli sanisani ee unauna varietàvarietà didi altrealtre patologiepatologie renalirenali,, tratra cuicui infezioniinfezioni
delledelle vievie urinarie,urinarie, insufficienzainsufficienza renalerenale cronica,cronica, ee azotemiaazotemia prerenaleprerenale..

 Tuttavia,Tuttavia, nonostantenonostante siasia statastata evidenziataevidenziata l'associazionel'associazione tratra ILIL--1818 ee
AKI,AKI, l’utilitàl’utilità didi diagnosticadiagnostica sisi èè dimostratadimostrata limitatalimitata inin quantoquanto
l’aumentol’aumento dell’ILdell’IL--1818 nonnon anticipavaanticipava didi moltomolto l’incrementol’incremento delladella
creatininacreatinina..
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NGAL

Using cDNA microarray as a screening Using cDNA microarray as a screening 
technique, a subset of genes whose expression technique, a subset of genes whose expression 
is upis up--regulated within the first few hours after regulated within the first few hours after 
renal injury can be discovered. (Or early renal injury can be discovered. (Or early  GFR)GFR)

Urine

Plasma



Neutrophil gelatinase-
assoc. lipocalin (NGAL)
produced by neutrophils
in response to specific
stimuli Also known as
lipocalin-2 and
siderocalin it is known to
play a role in fighting
bacteria infections.
It is detectable in urine
and plasma of patients
with AKI 24-48 h before
creatinine rise.
Animal studies have
shown NGAL is one of
the earliest proteins
induced in the kidney
after ischemic or
nephrotoxic insult.
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NGAL/Siderophore/Iron Complex

Early AKI Late AKI

Iron Chelation Iron Transport

↓ Apoptosis ↑ Proliferation

Renoprotective Effects



MISHRA J.,et al., J Am Soc Nephrol 14: 2534–2543, 2003MISHRA J.,et al., J Am Soc Nephrol 14: 2534–2543, 2003

Ischemic kidneys synthesize NGAL !Ischemic kidneys synthesize NGAL !





Mishra J et al. Am J Nephrol 2004;24:307-315Mishra J et al. Am J Nephrol 2004;24:307-315



Da: Hirsch R et al. Pediatr Nephrol 2007, 22 (12); 2089-2095Da: Hirsch R et al. Pediatr Nephrol 2007, 22 (12); 2089-2095

CreatininaCreatinina uNGALuNGAL
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•• UnUn aumentoaumento sensibilesensibile ee precoceprecoce deidei livellilivelli siericisierici eded ancorancor piùpiù urinariurinari
didi NGALNGAL sisi osservaosserva solosolo neinei soggettisoggetti cheche sviluppanosviluppano dannodanno renalerenale acutoacuto..

•• InIn questiquesti pazienti,pazienti, lala diagnosidiagnosi didi AKIAKI basatabasata sull’incrementosull’incremento delladella
creatininacreatinina potevapoteva essereessere effettuataeffettuata solosolo 2424//4848oreore dopodopo l’insultol’insulto inizialeiniziale..

Mishra J et al. Lancet 2005; 365: 1231-1238Mishra J et al. Lancet 2005; 365: 1231-1238
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1) Dep. Of  Laboratory Medicine, University of Padua, Italy
2) Dep. Of Medical and Surgical Sciences, U.O. Cardiosurgery, University of Padua, italy

….....Recent studies had demostrated that NGAL is highly expressed in
various pathological states like acute kidney injury (AKI). Serum
creatinine is an insensitive and later marker for AKI, while an early
diagnosis is a fundamental aspect in order to facilitate effective
interventions. This had led to an aggressive research for new
biomarkers for AKI. NGAL appears to be the most promising molecule
among the new molecules.
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The aim of this study was to investigate the NGAL’s  role as biomarker of 
AKI in patients  undergoing cardiac surgery
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Serum creatinine post-CPBSerum creatinine post-CPB Urine NGAL post-CPBUrine NGAL post-CPB

Prospective study on 196 children undergoing elective CPB for 
surgical correction or palliation of congenital heart lesions
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Urine NGAL was associated with key clinical factors, including:                                       
length of stay (p < 0.0001), duration of AKI (p < 0.001)                                                                     

need for dialysis (p = 0.01, AUC = 0.86), death (p = 0.01, AUC = 0.91)
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Bennett et al.,  Clin J Am Soc Nephrol 2008Bennett et al.,  Clin J Am Soc Nephrol 2008Bennett et al.,  Clin J Am Soc Nephrol 2008Bennett et al.,  Clin J Am Soc Nephrol 2008



Clerico A et al, 2012Clerico A et al, 2012Clerico A et al, 2012Clerico A et al, 2012









* p < 0.05

SingleSingle EDED measurementmeasurement ofof NGALNGAL waswas usefuluseful toto identifyidentify AKIAKI andand toto distinguishdistinguish itit fromfrom otherother morbidmorbid
conditionsconditions inin whichwhich creatininecreatinine waswas alteredaltered.. NGALNGAL waswas highlyhighly predictivepredictive ofof clinicalclinical outcomesoutcomes includingincluding
nephrologynephrology consultation,consultation, ICUICU admissionadmission andand needneed forfor dialysisdialysis



Singer E et al, Kidney Internat 2011, doi:10.1038/ki.2011 .41Singer E et al, Kidney Internat 2011, doi:10.1038/ki.2011 .41







Da: Haase M et al, Am J Kidney Dis 2009; 54: 1012-1024Da: Haase M et al, Am J Kidney Dis 2009; 54: 1012-1024





Post-
revascularization 

time
(hours)

DD KTP
U-NGAL (ng/ml)

LRD KTP
U-NGAL 
(ng/ml) p

Mean+DS Mean+DS

0 765.82+931.73 301.88+363.49

<0.05

12 729.63+721.18 47.08+50.94

24 359.58+449.58 30.98+12.94

36 260.78+301.07 23.46+16.47

48 161.17+201.06 18.95+8.60

60 126.80+152.13 29.42+22.97

72 121.36+124.99 32.23+23.51
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AUC ROC = 0,85
Sensibilità = 80%
Specificità = 67%

AUC ROC = 0,96
Sensibilità = 93%
Specificità = 78%

Tuladhar S et al J Cardiovasc Pharmacol 2009; 53: 261-266Tuladhar S et al J Cardiovasc Pharmacol 2009; 53: 261-266





 L’nGAL può essere per il rene il
corrispettivo di quello che
rappresenta la determinazione della
troponina per il cuore?

 La risposta, ad oggi, è interlocutoria:
mancano le prove di modifiche del
processo decisionale e di gestione del
paziente sulla base del risultato di nGAL.
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Haase M et al. J Am Coll Cardiol 2011Haase M et al. J Am Coll Cardiol 2011




