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En ausencia de creatinina basal, se puede inferir tomando 
un MDRD de 75 ml/min/1,73m² 

Moderador
Notas de la presentación
There was a need for classification and stratification of ARF in order to accurately identify levels of severity and for prognostication. In 2002, the Acute Dialysis Quality Initiative (ADQI) consensus group proposed a graded classification system (the “RIFLE” system) to “stage” the severity of acute kidney dysfunction incorporating levels of oliguria in addition to fractional serum creatinine elevation [1].  Emerging evidence suggests that severity of acute renal dysfunction measured by this system correlates with survival in general populations of hospitalized or critically ill patients [3, 4], and other settings. RIFLE classification separates criteria for serum creatinine and urine output (UO). The criteria that lead to the worst possible classification should be used. RIFLE-F is present even if the increase in serum creatinine is below threefold, as long as the new serum creatinine is 4.0 mg per 100 ml or above in the setting of an acute increase of at least 0.5 mg per 100 ml. The shape of the figure denotes the fact that more patients (high sensitivity) will be included in the mild category, including some without actually having renal failure (less specificity). In contrast, at the bottom, the criteria are strict and therefore specific, but some patients will be missed. GFR, glomerular filtration rate; ARF, acute renal failure. From Bellomo et al. 1



Preguntas ante el FRA 

• ¿Hay lesión renal (AKI)? 
• ¿Qué tipo de lesión es? 
• ¿Cuál es la gravedad y duración del FRA? 
• ¿Existe reparación-recuperación? 
• ¿Cuál es el pronóstico?  



Biomarcador 

‘cualquier característica que es medida de forma objetiva y 
 
evaluada como indicador de un proceso biológico normal, 
 
un proceso patológico, o una respuesta farmacológica a una 
 
intervención terapéutica’ 

Katz R. NeuroRx 2004; 1:189–195. 



Características de un biomarcador 

• Medición rápida y fácil en un margen de tiempo 
adecuado 

• Sensibilidad alta para facilitar su detección temprana, 
con un rango amplio de valores para poder estratificar el 
riesgo (contexto clínico) 

• Especificidad alta (contexto clínico) 
• Accesible a partir de muestras nada (orina) o 

mínimamente invasivas (suero) 
• Coste efectivo 
• Generalizable 

 



Características de un biomarcador de IRA 

• Localización de la lesión (túbulo, glomérulo) 
 

• Dar idea del tiempo (agudo, crónico, agudo sobre 
crónico) 
 

• Mecanismo: isquemia, toxicidad, sepsis 
 

• Predecir evolución (pronóstico): necesidad TRS, 
mortalidad, recuperación 
 

• Predecir respuesta a tratamiento (si lo hubiere) 



Nephrol Dial Transplant (2014) 29: 1301–1311 

Moderador
Notas de la presentación
Functional biomarkers and enzymatic injury biomarkers. (a) Functional biomarkers. Creatinine is freely filtered and a smallamount is secreted into the tubular lumen. During AKI the increase in serum creatinine is due to a decrease in glomerular filtration rate andbackleak through damaged proximal tubule cells. Cystatin C is freely filtered and reabsorbed by the proximal tubule. During AKI, reabsorptionby the proximal tubule may be diminished due to damage to the epithelium, which augments its appearance in the urine. The reduced filtrationrate causes the rise in cystatin C following AKI. A small amount of albumin passes through the filtration barrier and ischemic damage to glomerulilikely enhances albumin leak. Normally, albumin is reabsorbed by the proximal tubule; however, with damage to the proximal tubule,reabsorptive mechanisms are diminished, increasing the appearance of albumin in the urine. (b) Enzymatic injury biomarkers. Alanine aminopeptidase(AAP), alkaline phosphatase (AP). γ-glutamyl transpeptidase (gGT) and N-acetyl-β-glucosaminidase (NAG) are present in the epithelialcells and are released into the urine following cellular injury.Mechanisms of urinary biomarkers in kidney injury. Biomarkers are renal and non-renal derived molecules that report on thefunctional status of kidney filtration and tubule injury. Markers may represent non-renal molecules filtered, secreted or reabsorbed, moleculesthat are constitutive or upregulated or molecules from infiltrating immune cells.



Nephrol Dial Transplant (2014) 29: 1301–1311 

Moderador
Notas de la presentación
Functional biomarkers and enzymatic injury biomarkers. (a) Functional biomarkers. Creatinine is freely filtered and a smallamount is secreted into the tubular lumen. During AKI the increase in serum creatinine is due to a decrease in glomerular filtration rate andbackleak through damaged proximal tubule cells. Cystatin C is freely filtered and reabsorbed by the proximal tubule. During AKI, reabsorptionby the proximal tubule may be diminished due to damage to the epithelium, which augments its appearance in the urine. The reduced filtrationrate causes the rise in cystatin C following AKI. A small amount of albumin passes through the filtration barrier and ischemic damage to glomerulilikely enhances albumin leak. Normally, albumin is reabsorbed by the proximal tubule; however, with damage to the proximal tubule,reabsorptive mechanisms are diminished, increasing the appearance of albumin in the urine. (b) Enzymatic injury biomarkers. Alanine aminopeptidase(AAP), alkaline phosphatase (AP). γ-glutamyl transpeptidase (gGT) and N-acetyl-β-glucosaminidase (NAG) are present in the epithelialcells and are released into the urine following cellular injury.Mechanisms of urinary biomarkers in kidney injury. Biomarkers are renal and non-renal derived molecules that report on thefunctional status of kidney filtration and tubule injury. Markers may represent non-renal molecules filtered, secreted or reabsorbed, moleculesthat are constitutive or upregulated or molecules from infiltrating immune cells.



Murray PT et al, Kidney Int, 2014 

Especificidad y localización de biomarcadores urinarios 

Moderador
Notas de la presentación
Potential mechanisms and specificity of urinary biomarkers of kidney damage. (a) Biomarkers may appear in the urine through several mechanisms, including filtration across the glomerular basement membrane (e.g., proteinuria and microalbuminuria); increased (or decreased) passive release (e.g., α- and π-GST); active induction (or repression) followed by release and/or secretion (e.g., NGAL and KIM-1); and decreased (or increased) resorption/catabolism (e.g., cystatin C, β2 macroglobulin; modified from Briggs38). (b) Damage biomarkers are also site specific, and the magnitude and duration of biomarker change can potentially identify the extent of damage (modified from Bonventre et al.7).



Murray PT et al, Kidney Int, 2014 

Uso potencial de biomarcadores en la IRA 

Moderador
Notas de la presentación
Potential utilization of biomarkers for acute kidney injury (AKI) I. Several biomarkers are now available for assessing changes in kidney function and detecting kidney damage. They can be utilized for initial diagnosis and staging, differential diagnosis, and prognosis; reprinted with permission from Mehta16). GFR, glomerular filtration rate.



Fases en la evaluación de biomarcadores 

J Am Soc Nephrol 22: 810–820, 2011 

Moderador
Notas de la presentación
Figure 1. Phases of clinical biomarker evaluation and AKI studies. Adapted from the American Heart Association Scientific Statement Criteria for Evaluating Novel Markers of Cardiovascular Risk.122 n  approximate number of human studies published with classification in multiple phases allowed. Early phases include both proof of concept studies (phase 1) demonstrating differences in biomarker levels between patients with and without the outcome of interest (i.e., AKI) and prospective studies (phase 2) to determine the associationbetween levels and the risk of future hard outcomes such as dialysis requirement, graft survival, and mortality. Subsequent phases consider aspects of clinical incorporation including determining the incremental predictive value of a candidate marker beyond established risk predictors (phase 3) and if biomarker use changes therapy for at-risk patients, improves outcomes, and is cost-effective (phases 4 to 6). References are listed in Supplemental Table 2. 



Papel potencial de los biomarcadores en la IRA 

Diagnóstico 
precoz 

Diagnóstico 
diferencial 

Pronóstico 

Agresión única 
Momento conocido 
-BCP 
-Contraste 
-DGF en TR 
-Trauma 
-Quimioterapia 

Agresión múltiple 
Momento indefinido 
-Sepsis 
-SDRS 
-Crítico 

-Localización tubular 
(proximal vs distal) 
 
-Etiología: toxina, 
Isquemia, sepsis 
 
-NTA vs prerrenal 
 
-IRA vs IRC 

-Gravedad AKI 
 
-Necesidad TSR 
 
-Duración AKI 
 
-Respuesta tto 
 
-Estancia 
 
-Mortalidad 

Clin Nephrol 2007; 68:269-278 



NGAL 

JASN 2003;14:2534-2543 

Moderador
Notas de la presentación
Abstract. Acute renal failure (ARF) secondary to ischemic injury remains a common and potentially devastating problem. A transcriptome-wide interrogation strategy was used to identify renal genes that are induced very early after renal ischemia, whose protein products might serve as novel biomarkers for ARF. Seven genes that are upregulated 10-fold were identified, one of which (Cyr61) has recently been reported to be induced after renal ischemia. Unexpectedly, the induction of the other six transcripts was novel to the ARF field. In this study, one of these previously unrecognized genes was further characterized, namely neutrophil gelatinase-associated lipocalin (NGAL), because it is a small secreted polypeptide that is protease resistant and consequently might be readily detected in the urine. The marked upregulation of NGAL mRNA and protein levels in the early postischemic mouse kidney was confirmed. NGAL protein expression was detected predominantly in proliferating cell nuclear antigen-positive proximal tubule cells, in a punctate  cytoplasmic distribution that colocalized with markers of late endosomes. NGAL was easily detected in the urine in the very first urine output after ischemia in both mouse and rat models of ARF. The appearance of NGAL in the urine was related to the dose and duration of renal ischemia and preceded the appearance of other urinary markers such as N-acetyl--D-glucosaminidase and 2-microglobulin.The origin of NGAL from tubule cells was confirmed in cultured human proximal tubule cells subjected to in vitro ischemic injury, where NGAL mRNA was rapidly induced in the cells and NGAL protein was readily detectable in the culture medium within 1 h of mild ATP depletion. NGAL was also easily detectable in the urine of mice with cisplatininduced nephrotoxicity, again preceding the appearance of N-acetyl--D-glucosaminidase and 2-microglobulin. The results indicate that NGAL may represent an early, sensitive,noninvasive urinary biomarker for ischemic and nephrotoxic renal injury. 



Moderador
Notas de la presentación
Background The scarcity of early biomarkers for acute renal failure has hindered our ability to launch preventive andtherapeutic measures for this disorder in a timely manner. We tested the hypothesis that neutrophil gelatinaseassociatedlipocalin (NGAL) is an early biomarker for ischaemic renal injury after cardiopulmonary bypass. Methods We studied 71 children undergoing cardiopulmonary bypass. Serial urine and blood samples were analysed by western blots and ELISA for NGAL expression. The primary outcome measure was acute renal injury, defined as a 50% increase in serum creatinine from baseline. Findings 20 children (28%) developed acute renal injury, but diagnosis with serum creatinine was only possible 1–3 days after cardiopulmonary bypass. By contrast, urine concentrations of NGAL rose from a mean of 1·6 g/L (SE 0·3) at baseline to 147 g/L (23) 2 h after cardiopulmonary bypass, and the amount in serum increased from amean of 3·2 g/L (SE 0·5) at baseline to 61 g/L (10) 2 h after the procedure. Univariate analysis showed a significant correlation between acute renal injury and the following: urine and serum concentrations of NGAL at 2 h, and cardiopulmonary bypass time. By multivariate analysis, the amount of NGAL in urine at 2 h after cardiopulmonary bypass was the most powerful independent predictor of acute renal injury. For concentration in urine of NGAL at 2 h, the area under the receiver-operating characteristic curve was 0·998, sensitivity was 1·00, and specificity was 0·98 for a cutoff value of 50 g/L. Interpretation Concentrations in urine and serum of NGAL represent sensitive, specific, and highly predictive early biomarkers for acute renal injury after cardiac surgery.



J Am Soc Nephrol 2009; 20:1823–1832 

Moderador
Notas de la presentación
Urine neutrophil gelatinase-associated lipocalin (uNGAL) has shown promise as a biomarker for the early detection of acute kidney injury (AKI) in fixed models of injury, but its ability to predict AKI and provide prognostic information in critically ill adults is unknown. We prospectively studied a heterogeneous population of 451 critically ill adults, 64 (14%) and 86 (19%) of whom developed AKIwithin 24 and 48 h of enrollment, respectively. Median uNGAL at enrollment was higher among patients who developed AKI within 48 h compared with those who did not (190 versus 57 ng/mg creatinine, P  0.001). The areas under the receiver operating characteristic curves describing the relationship between uNGAL level and the occurrence of AKI within 24 and 48 h were 0.71 (95% Confidence Intervals [CI]: 0.63 to 0.78) and 0.64 (95% CI: 0.57 to 0.71), respectively. Urine neutrophil gelatinase-associated lipocalin remained independently associated with the development of AKI after adjustment for age, serum creatinine closest to enrollment, illness severity, sepsis, and intensive care unit (ICU) location, although it only marginally improved the predictive performance of the clinical model alone. A Cox proportional hazards model using time to first dialysis, adjusted for APACHE II score, suggested that uNGAL independently predicts severe AKI during hospitalization [HR 2.60, 95% CI:1.55 to 4.35]. In summary, although a single measurement of uNGAL exhibited moderate predictive utility for the development and severity of AKI in a heterogeneous ICU population, its additional contribution to conventional clinical risk predictors appears limited.



Función de NGAL 

Nephrol Dial Transplant (2014) 29: 1301–1311 

Monomérica 

Dimérica 

Moderador
Notas de la presentación
NGAL. It is produced by neutrophils and is expressed to a limited degree in the liver, spleen and kidney. Several functions have been described including inhibiting bacterial growth, scavenging iron and inducing epithelial cell growth. A small amount of NGAL is filtered and taken up by the proximal tubule through megalin. Upon injury, NGAL (a stress response protein) is upregulated and released into the urine and plasma. Its protective effect when infused may be related to its ability to scavenge iron as depicted or through its abilityto induce cell growth. 



Isquemia 48h                    Control 

Expresión de KIM-1   Estructura de KIM-1  

Moderador
Notas de la presentación
We report the identification of rat and human cDNAs for a type 1 membrane protein that contains a novel six-cysteine immunoglobulin-like domain and a mucin domain; it is named kidney injury molecule-1 (KIM-1). Structurally, KIM-1 is a member of the immunoglobulin gene superfamily most reminiscent of mucosal addressin cell adhesion molecule 1 (MAdCAM-1). Human KIM-1 exhibits homology to a monkey gene, hepatitis A virus cell receptor 1 (HAVcr-1), which was identified recently as a receptor for the hepatitis A virus. KIM-1 mRNA and protein are expressed at a low level in normal kidney but are increased dramatically in postischemic kidney. In situ hybridization and immunohistochemistry revealed that KIM-1 is expressed in proliferating bromodeoxyuridine-positive and dedifferentiatedvimentin-positive epithelial cells in regenerating proximal tubules. Structure and expression data suggest that KIM-1 is an epithelial cell adhesion molecule up-regulated in the cells, which are dedifferentiated and undergoing replication. KIM-1 may play an important role in the restoration of the morphological integrity and function to postischemic kidney.FIG. 6. Localization of KIM-1 protein expression in the postischemic rat kidney. Affinity-purified antibody against peptide R9 was used for immunostaining of KIM-1 on paraffin sections from 48 h postischemic and contralateral rat kidneys as described under “Experimental Procedures.” All photomicrographs were taken by using 10 3 objectives (scale bar 5 50 mm) except panels E and F, for which a 40 3 objective was used (scale bar 5 12.5 mm). Panel A, the outer medulla region of 48 h postischemic kidney. Immunoreactivity is indicated with a dark brown stain. The staining in the outer stripe of the outer medulla region of postischemic kidney is absent in controls. Panel B and D, the cortex region of 48 h postischemic kidney. Panel C, contralateral (control) kidney. Panel D, normal rabbit IgG (negative control). Panels E and F, high magnification of KIM-1 staining in the outer medulla (panel E) and the cortex (panel F) of the 48 h postischemic kidney. Relatively intense staining is distributed on the apical portion of cells in injured proximal tubules in the regions of active regeneration (arrowheads). In lumens (asterisks) some cell debris is also visible.Fig. 1. Structure of KIM-1. KIM-1 is a type 1 membrane glycoprotein that contains, in its extracellular portion, a novel six-cysteine immunoglobulinlike domain, two N-glycosylation sites and a T/SP rich domain characteristic of mucin-like O-glycosylated proteins. There is one transmembrane domain and a short intracellular domain with a tyrosine phosphorylation signalling motif present in the renal form (KIM-1b). 



KIM-1 en la IRA 

JASN 2007;18:904-912 Kidney Int 2002;62:237-244 

Valor diagnóstico   Valor pronóstico (n=200) 

Moderador
Notas de la presentación
The role of urinary biomarkers of kidney injury in the prediction of adverse clinical outcomes in acute renal failure (ARF) hasnot been well described. The relationship between urinary N-acetyl--(D)-lucosaminidase activity (NAG) and kidney injury molecule-1 (KIM-1) level and adverse clinical outcomes was evaluated prospectively in a cohort of 201 hospitalized patients with ARF. NAG was measured by spectrophotometry, and KIM-1 was measured by a microsphere-based Luminex technology. Mean Acute Physiology, Age, Chronic Health Evaluation II (APACHE II) score was 16, 43% had sepsis, 39% required dialysis, and hospital mortality was 24%. Urinary NAG and KIM-1 increased in tandem with APACHE II and Multiple Organ Failure scores. Compared with patients in the lowest quartile of NAG, the second, third, and fourth quartile groups had 3.0-fold (95% confidence interval [CI] 1.3 to 7.2), 3.7-fold (95% CI 1.6 to 8.8), and 9.1-fold (95% CI 3.7 to 22.7) higher odds, respectively, for dialysis requirement or hospital death (P < 0.001). This association persisted after adjustment for APACHE II, Multiple Organ Failure score, or the combined covariates cirrhosis, sepsis, oliguria, and mechanical ventilation. Compared with patients in the lowest quartile of KIM-1, the second, third, and fourth quartile groups had 1.4-fold (95% CI 0.6 to 3.0), 1.4-fold (95% CI 0.6 to3.0), and 3.2-fold (95% CI 1.4 to 7.4) higher odds, respectively, for dialysis requirement or hospital death (P  0.034). NAG or KIM-1 in combination with the covariates cirrhosis, sepsis, oliguria, and mechanical ventilation yielded an area under the receiver operator characteristic curve of 0.78 (95% CI 0.71 to 0.84) in predicting the composite outcome. Urinary markers of kidney injury such as NAG and KIM-1 can predict adverse clinical outcomes in patients with ARF.



Función de KIM-1 

Nephrol Dial Transplant (2014) 29: 1301–1311 

Moderador
Notas de la presentación
KIM-1. It is expressed in proximal tubule cells and is thought to promote apoptotic and necrotic cell clearance. Upon injury, KIM-1 is upregulated and shed into the urine and extracellular space. It is thought to activate immune cells in injury-induced immune response. 



Kashani et al. Critical Care 2013, 17:R25 

Fase de prospección 
500 pacientes 
300 marcadores 
 
Fase de validación 
728 pacientes 
 
Variable: AKIN 2-3 en 12h 

Moderador
Notas de la presentación
Introduction: Acute kidney injury (AKI) can evolve quickly and clinical measures of function often fail to detect AKI at a time when interventions are likely to provide benefit. Identifying early markers of kidney damage has been difficult due to the complex nature of human AKI, in which multiple etiologies exist. The objective of this study was to identify and validate novel biomarkers of AKI. Methods: We performed two multicenter observational studies in critically ill patients at risk for AKI - discovery and validation. The top two markers from discovery were validated in a second study (Sapphire) and compared to a number of previously described biomarkers. In the discovery phase, we enrolled 522 adults in three distinct cohorts including patients with sepsis, shock, major surgery, and trauma and examined over 300 markers. In the Sapphirevalidation study, we enrolled 744 adult subjects with critical illness and without evidence of AKI at enrollment; the final analysis cohort was a heterogeneous sample of 728 critically ill patients. The primary endpoint was moderate to severe AKI (KDIGO stage 2 to 3) within 12 hours of sample collection. Results: Moderate to severe AKI occurred in 14% of Sapphire subjects. The two top biomarkers from discoverywere validated. Urine insulin-like growth factor-binding protein 7 (IGFBP7) and tissue inhibitor of metalloproteinases-2 (TIMP-2), both inducers of G1 cell cycle arrest, a key mechanism implicated in AKI, together demonstrated an AUC of 0.80 (0.76 and 0.79 alone). Urine [TIMP-2]·[IGFBP7] was significantly superior to all previously described markers of AKI (P <0.002), none of which achieved an AUC >0.72. Furthermore, [TIMP- 2]·[IGFBP7] significantly improved risk stratification when added to a nine-variable clinical model when analyzedusing Cox proportional hazards model, generalized estimating equation, integrated discrimination improvement or net reclassification improvement. Finally, in sensitivity analyses [TIMP-2]·[IGFBP7] remained significant and superior to all other markers regardless of changes in reference creatinine method. Conclusions: Two novel markers for AKI have been identified and validated in independent multicenter cohorts.Both markers are superior to existing markers, provide additional information over clinical variables and add mechanistic insight into AKI.





Biomarcador AUC-ROC 
(IC 95%) 

Corte Sensibil. % Especif. % 

Cistatina C 
(µg/mg) 

0,85 
0,80-0,90 

0,12 78 83 

IL-18 (pg/mg) 0,83 
0,77-0,88 

2,74 68 95 

KIM-1 (ng/mg) 0,93 
0,88-0,96 

1,73 80 99 

NAG (u/mg) 0,83 
0,77-0,88 

0,015 80 65 

NGAL (ng/mg) 0,89 
0,84-0,93 

82,7 80 96 

Proteína 
(mg/mg) 

0,91 
0,87-0,95 

0,46 81 87 

Eficacia diagnóstica de biomarcadores en orina 
en AKI establecida (102 AKI vs 102 no-AKI) 

 

Clin Transl Sci 2008;1:200-2008 



Precisión de biomarcadores urinarios de IRA en 
post cirugía cardíaca 

Kidney International (2008) 73, 379–381  

Moderador
Notas de la presentación
Accuracy of biomarkers for the diagnosis of AKI after cardiac surgery. Six biomarkers have been tested for their ability to diagnose AKI (defined as a 50% increase in the serum creatinine concentration) in patients who underwent cardiac surgery. This graph depicts the changes in area under the curve (AUC) for the different biomarkers after cardiac surgery.2, 4, 5 and 6 Biomarkers such as neutrophil gelatinase-associated lipocalin (NGAL) and liver fatty acid-binding protein (L-FABP) have higher accuracy early, and then the accuracy diminishes after 4–6hours after surgery (the AUC for L-FABP at 12 hours is estimated). Biomarkers such as interleukin-18 (IL-18) and KIM-1 have lower accuracy at 2–4hours after surgery, but the accuracy increases at 12–24hours after surgery. The solid bar demonstrates that serum creatinine increases by 50% in these studies at a much later time (24–72hours) after surgery.



Biomarcadores combinados en 
orina en la IRA 

Han et al, Kidney Int 2007 
Han et al, Clin JASN 2009;4:873-882 

CCV N=90 (36 AKI)     AKI varios 

AUC a 3h:  individual 0,59-0,68  
      Colectivo 0,78  

Moderador
Notas de la presentación
A change in the serum creatinine is not sensitive for an early diagnosis of acute kidney injury. We evaluated urinary levels of matrix metalloproteinase-9 (MMP-9), N-acetyl-b-Dglucosaminidase (NAG), and kidney injury molecule-1 (KIM-1) as biomarkers for the detection of acute kidney injury. Urine samples were collected from 44 patients with various acute and chronic kidney diseases, and from 30 normal subjects in a cross-sectional study. A case–control study of children undergoing cardio-pulmonary bypass surgery included urine specimens from each of 20 patients without and with acute kidney injury. Injury was defined as a greater than 50% increase in the serum creatinine within the first 48h after surgery. The biomarkers were normalized to the urinary creatinine concentration at 12, 24, and 36 h after surgery with the areas under the receiver-operating characteristic curve compared for performance. In the cross-sectional study, the area under the curve for MMP-9 was least sensitive followed by KIM-1 and NAG. Combining all three biomarkers achieved a perfect score diagnosing acute kidney injury. In the case–control study, KIM-1 was better than NAG at all time points, but combining both was no better than KIM-1 alone. Urinary MMP-9 was not a sensitive marker in the case–control study. Our results suggest that urinary biomarkers allow diagnosis of acute kidney injury earlier than a rise in serum creatinine. Figure 2 | ROC analysis for normalized urinary biomarkers in cross-sectional study. ROC curves of normalized MMP-9, NAG, and KIM-1 as a single test and in combination were plotted. The greater the displacement above and to the left of the line identified, the greater the likelihood that raised values of the test will identify AKI. Background and objectives: Serum creatinine (Scr) does not allow for early diagnosis of acute kidney injury (AKI). The diagnostic utility of urinary kidney injury molecule-1 (KIM-1), N-acetyl--D-glucosaminidase (NAG), and neutrophil gelatinaseassociated lipocalin (NGAL) was evaluated for the early detection of postoperative AKI in a prospective study of 90 adults undergoing cardiac surgery. Designs, setting, participants, & measurements: Urinary KIM-1, NAG, and NGAL were measured at 5 time points for the first 24 h after operation and normalized to the urinary creatinine concentration after cardiac surgery. Receiver-operating characteristic curves were generated and the areas under the curve (AUCs) compared for performance of biomarkers in detection of postoperative AKI. Results: Thirty-six patients developed AKI, defined as an increase in Scr of >0.3 mg/dl within 72 h after surgery. The AUCs for KIM-1 to predict AKI immediately and 3 h after operation were 0.68 and 0.65; 0.61 and 0.63 for NAG; and 0.59 and 0.65 for NGAL, respectively. Combining the three biomarkers enhanced the sensitivity of early detection of postoperative AKI compared with individual biomarkers: the AUCs for the three biomarkers combined were 0.75 and 0.78. The performance of combining biomarkers was even better among 16 early postoperative AKI patients with AUCs of 0.80 and 0.84, respectively. Conclusions: The results of this study support that a combination of urinary biomarkers may allow for early detection ofpostoperative AKI after cardiac surgery before a rise in Scr. Figure 1. Pattern of urinary biomarker expression. Graphs show mean normalized urinary kidney injury molecule-1 (KIM-1), N-acetyl--D-glucosaminidase (NAG), and neutrophil gelatinase associated lipocalin (NGAL) concentrations at multiple time points after cardiac surgeries. Error bars are SEM. AKI, acute kidney injury; early AKI, development of acute kidney injury within first 24 h after operation; late AKI, development of acute kidney injury between 24 and 72 h after operation; Ucr, urine creatinine concentration. 



J Am Soc Nephrol 22: 810–820, 2011 

Moderador
Notas de la presentación
Potential limitations with using a functional gold standard as a surrogate for injury. Comparison of limitations using serum creatinine as a gold standard with exampleof validation of myocardial injury biomarkers made against a similar functional standard (change in ejection fraction). In the latter, an absence of a loss of LV function would beinsufficient to rule out ongoing myocardial damage, especially if early or mild. Similarly, decrements in ejection fraction would not necessarily denote injury as other potentialfactors responsible (e.g., increased afterload, medications, and volume status). 



Papel potencial de los biomarcadores en la IRA 

Diagnóstico 
precoz 

Diagnóstico 
diferencial 

Pronóstico 

Agresión única 
Momento conocido 
-BCP 
-Contraste 
-DGF en TR 
-Trauma 
-Quimioterapia 

Agresión múltiple 
Momento indefinido 
-Sepsis 
-SDRS 
-Crítico 

-Localización tubular 
(proximal vas distal) 
 
-Etiología: toxina, 
Isquemia, sepsis 
 
-NTA vs prerrenal 
 
-IRA vs IRC 

-Gravedad AKI 
 
-Necesidad TSR 
 
-Duración AKI 
 
-Respuesta tto 
 
-Estancia 
 
-Mortalidad 

Clin Nephrol 2007; 68:269-278 



Ann Intern Med 2008;148:810-819 

uNGAL ≥ 130 g/g creat: sensibilidad 0,90 y especificidad 0,995. 

Moderador
Notas de la presentación
Background: A single serum creatinine measurement cannot distinguish acute kidney injury from chronic kidney disease or prerenal azotemia. Objective: To test the sensitivity and specificity of a single measurement of urinary neutrophil gelatinase–associated lipocalin (NGAL) and other urinary proteins to detect acute kidney injury in a spectrum of patients. Design: Prospective cohort study. Setting: Emergency department of Columbia University Medical Center, New York, New York. Participants: 635 patients admitted to the hospital with acute kidney injury, prerenal azotemia, chronic kidney disease, or normal kidney function. Measurements: Diagnosis of acute kidney injury was based on the RIFLE (risk, injury, failure, loss, and end-stage) criteria and assigned by researchers who were blinded to experimental measurements. Urinary NGAL was measured by immunoblot, N-acetyl--D-glucosaminidase (NAG) by enzyme measurement, 1-microglobulin and 1-acid glycoprotein by immunonephelometry, and serum creatinine by Jaffe kinetic reaction. Experimental measurements were not available to treating physicians. Results: Patients with acute kidney injury had a significantly elevated mean urinary NGAL level compared with the other kidney function groups (416 g/g creatinine [SD, 387]; P  0.001). At a cutoff value of 130 g/g creatinine, sensitivity and specificity of NGAL for detecting acute injury were 0.900 (95% CI, 0.73 to 0.98) and 0.995 (CI, 0.990 to 1.00), respectively, and positive and negative likelihood ratios were 181.5 (CI, 58.33 to 564.71) and 0.10 (CI, 0.03 to 0.29); these values were superior to those for NAG, 1-microglobulin, 1-acid glycoprotein, fractional excretion of sodium, and serum creatinine. In multiple logistic regression, urinary NGAL level was highly predictive of clinical outcomes, including nephrology consultation, dialysis, and admission to the intensive care unit (odds ratio, 24.71 [CI, 7.69 to 79.42]). Limitations: All patients came from a single center. Few kidney biopsies were performed. Conclusion: A single measurement of urinary NGAL helps to distinguish acute injury from normal function, prerenal azotemia, and chronic kidney disease and predicts poor inpatient outcomes.



Moderador
Notas de la presentación
Background & Aims: Impairment of kidney function is common in cirrhosis but differential diagnosis remains a challenge. We aimed at assessing the usefulness of neutrophil gelatinaseassociated lipocalin (NGAL), a biomarker of tubular damage, in the differential diagnosis of impairment of kidney function in cirrhosis.Methods: Two-hundred and forty-one patients with cirrhosis, 72 without ascites, 85 with ascites, and 84 with impaired kidney function, were studied. Urinary levels of NGAL were measured by ELISA. Results: Patients with impaired kidney function had higher urinary NGAL levels compared to patients with and without ascites. Patients with urinary tract infection (n = 25) had higher uNGAL values than non-infected patients. Patients with acute tubular necrosis (ATN) had uNGAL levels markedly higher (417 lg/g creatinine (239–2242) median and IQ range) compared to those of patients with pre-renal azotemia due to volume depletion 30 (20–59), chronic kidney disease (CKD) 82 (34–152), and hepatorenal syndrome (HRS) 76 (43–263) lg/g creatinine (p <0.001 for all). Among HRS patients, the highest values were found in HRS-associated with infections, followed by classical (non-associated withactive infections) type-1 and type-2 HRS (391 (72–523), 147 (83– 263), and 43 (31–74) lg/g creatinine, respectively; p <0.001). Differences in uNGAL levels between classical type 1 HRS and ATN on the one hand and classical type 1 HRS and CKD and pre-renal azotemia on the other were statistically significant (p <0.05). Conclusions: uNGAL levels may be useful in the differential diagnosis of impairment of kidney function in cirrhosis. Urinary tract infections should be ruled out because they may increase uNGAL excretion.



Moderador
Notas de la presentación
Background & Aims: Impairment of kidney function is common in cirrhosis but differential diagnosis remains a challenge. We aimed at assessing the usefulness of neutrophil gelatinaseassociated lipocalin (NGAL), a biomarker of tubular damage, in the differential diagnosis of impairment of kidney function in cirrhosis.Methods: Two-hundred and forty-one patients with cirrhosis, 72 without ascites, 85 with ascites, and 84 with impaired kidney function, were studied. Urinary levels of NGAL were measured by ELISA. Results: Patients with impaired kidney function had higher urinary NGAL levels compared to patients with and without ascites. Patients with urinary tract infection (n = 25) had higher uNGAL values than non-infected patients. Patients with acute tubular necrosis (ATN) had uNGAL levels markedly higher (417 lg/g creatinine (239–2242) median and IQ range) compared to those of patients with pre-renal azotemia due to volume depletion 30 (20–59), chronic kidney disease (CKD) 82 (34–152), and hepatorenal syndrome (HRS) 76 (43–263) lg/g creatinine (p <0.001 for all). Among HRS patients, the highest values were found in HRS-associated with infections, followed by classical (non-associated withactive infections) type-1 and type-2 HRS (391 (72–523), 147 (83– 263), and 43 (31–74) lg/g creatinine, respectively; p <0.001). Differences in uNGAL levels between classical type 1 HRS and ATN on the one hand and classical type 1 HRS and CKD and pre-renal azotemia on the other were statistically significant (p <0.05). Conclusions: uNGAL levels may be useful in the differential diagnosis of impairment of kidney function in cirrhosis. Urinary tract infections should be ruled out because they may increase uNGAL excretion.



Papel potencial de los biomarcadores en la IRA 

Diagnóstico 
precoz 

Diagnóstico 
diferencial 

Pronóstico 

Agresión única 
Momento conocido 
-BCP 
-Contraste 
-DGF en TR 
-Trauma 
-Quimioterapia 

Agresión múltiple 
Momento indefinido 
-Sepsis 
-SDRS 
-Crítico 

-Localización tubular 
(proximal vs distal) 
 
-Etiología: toxina, 
Isquemia, sepsis 
 
-NTA vs prerrenal 
 
-IRA vs IRC 

-Gravedad AKI 
 
-Necesidad TSR 
 
-Duración AKI 
 
-Respuesta tto 
 
-Estancia 
 
-Mortalidad 

Clin Nephrol 2007; 68:269-278 



Hall IE, et al. Clin J Am Soc Nephrol 6: 2740–2749, 2011. 

Moderador
Notas de la presentación
Background and objectives Studies have evaluated acute kidney injury (AKI) using biomarkers in various settings, but their prognostic utility within current practice is unclear. Thus, we sought to determine the prognostic utility of newer biomarkers or traditional markers (fractional excretion of sodium [FeNa] and urea [FeUrea] and microscopy) over clinical assessment alone. Design, setting, participants, & measurements This is a prospective cohort study of adults on the first day of meeting AKI criteria. We measured urine concentrations of neutrophil gelatinase-associated lipocalin (NGAL), kidney injury molecule-1 (KIM-1), and IL-18 and determined FeNa, FeUrea, and microscopy score for casts and tubular cells. Primary outcome was worsened AKI stage from enrollment to peak serum creatinineor in-hospital death. Results In 249 recipients, 57% were 65 years old, 48% were from intensive care, and mean baseline GFRwas 69  30 ml/min per 1.73 m2. AKI was considered prerenal in 164 (66%), acute tubular necrosis (ATN) in 51 (20%), and “other” in 34 (14%). All mean protein biomarker concentrations, FeNa, FeUrea, and microscopy scores were statistically different between prerenal and ATN. Seventy-two patients (29%) developed the primary outcome. There was an approximate three-fold increase in adjusted risk for the outcomefor upper versus lower values of NGAL, KIM-1, IL-18, and microscopy score (P values 0.05). Net reclassification improved after adding these to baseline clinical assessment. FeNa and FeUrea were not useful. Conclusions On the first day of AKI, urine protein biomarkers and  microscopy significantly improve upon clinical determination of prognosis, indicating their potential utility in current practice.Figure 2. | Urine protein biomarker quartiles and microscopy score by primary outcome of worsened AKIN stage or death. NGAL, neutrophil gelatinase-associated lipocalin; KIM-1, kidney injury molecule- 1. For urine protein levels, group 1 is quartile 1 (NGAL: 18.3ng/ml, n  62; KIM-1: 1.5 ng/ml, n  62; IL-18: 25.7 pg/ml, n  63), group 2 is quartile 2 (NGAL: 18.3 to 62.3 ng/ml, n  62; KIM-1: 1.5 to 2.8 ng/ml, n  62; IL-18: 25.7 to 69.8 pg/ml, n  63), group 3 is quartile 3 (NGAL: 62.3 to 239.4 ng/ml, n  62; KIM-1: 2.8 to 4.9 ng/ml, n  62; IL-18: 69.8 to 178.1 pg/ml, n  63), and group 4 is quartile 4 (NGAL: 239.4 ng/ml, n  62; KIM-1: 4.9 ng/ml, n  62; IL-18: 178.1 pg/ml, n  63). For urine microscopy, group 1 epresents scores of 0 (n  21), group 2 is scores of 1 (n  51), group 3 is scores of 2 (n  74), and group 4 is scores of 3 (n  19). P values are for the Jonckheere-Terpstra trend test for each marker. 



Murray PT et al, Kidney Int, 2014 

Moderador
Notas de la presentación
Utilization of functional and damage markers concurrently to manage patients with acute kidney injury (AKI) and chronic kidney disease (CKD). The utilization of biomarkers to evaluate changes in kidney function in the presence of preexisting CKD offers unique challenges. A combination of function and damage markers can be used to evaluate patients as shown in Figure 4. However, the thresholds for biomarkers will likely be different based on the underlying preexisting level of renal function. This distinction will be important mechanistically to define outcomes and understand the pathophysiology; modified from Mehta36.



Murray PT et al, Kidney Int, 2014 
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No AKI AKI subclínico 

AKI funcional AKI establecido 

Progresión 
Regresión 

Biomarcadores de lesión y espectro de la IRA-AKI 



Haase M, et al. J Am Coll Cardiol 2011;57:1752–61 

Moderador
Notas de la presentación
The aim of this study was to test the hypothesis that, without diagnostic changes in serum creatinine, increased neutrophil gelatinase-associated lipocalin (NGAL) levels identify patients with subclinical acute kidney injury (AKI) and therefore worse prognosis. Neutrophil gelatinase-associated lipocalin detects subclinical AKI hours to days before increases in serum creatinine indicate manifest loss of renal function. We analyzed pooled data from 2,322 critically ill patients with predominantly cardiorenal syndrome from 10 prospective observational studies of NGAL. We used the terms NGAL() or NGAL() according to study-specific NGAL cutoff for optimal AKI prediction and the terms sCREA() or sCREA() according to consensus diagnostic increases in serum creatinine defining AKI. A priori-defined outcomes included need for renal replacement therapy (primary endpoint), hospital mortality, their combination, and duration of stay in intensive care and inhospital. Of study patients, 1,296 (55.8%) were NGAL()/sCREA(), 445 (19.2%) were NGAL()/sCREA(), 107 (4.6%) were NGAL()/sCREA(), and 474 (20.4%) were NGAL()/sCREA(). According to the 4 study groups, there was a stepwise increase in subsequent renal replacement therapy initiation—NGAL()/sCREA(): 0.0015% versus NGAL()/sCREA(): 2.5% (odds ratio: 16.4, 95% confidence interval: 3.6 to 76.9, p  0.001), NGAL()/sCREA(): 7.5%, and NGAL()/sCREA(): 8.0%, respectively, hospital mortality (4.8%, 12.4%, 8.4%, 14.7%, respectively) and their combination (4-group comparisons: all p  0.001). There was a similar and consistent progressive increase in median number of intensive care and in-hospital days with increasing biomarker positivity: NGAL()/sCREA(): 4.2 and 8.8 days; NGAL()/sCREA(): 7.1 and 17.0 days; NGAL()/sCREA(): 6.5 and 17.8 days; NGAL()/sCREA(): 9.0 and 21.9 days; 4-group comparisons: p  0.003 and p  0.040, respectively. Urine and plasma NGAL indicated a similar outcome pattern. In the absence of diagnostic increases in serum creatinine, NGAL detects patients with likely subclinical AKI who have an increased risk of adverse outcomes. The concept and definition of AKI might need re-assessment. 



Murray PT et al, Kidney Int, 2014 

Propuesta de estadiaje funcional y de lesión 

Moderador
Notas de la presentación
Proposed new criteria for acute kidney disease (AKI) diagnosis and staging using biomarkers. New criteria for AKI diagnosis are displayed. In order to diagnose AKI, selecting the worst criterion (function (RIFLE/AKIN) or damage) is recommended. In the appropriate clinical setting, this new damage biomarker criterion will enhance the ability of RIFLE/AKIN to define AKI. There are currently insufficient injury biomarker data to support staging of AKI; however, AKI stages based on renal function changes are suggested to remain. The semiquantitative trend for increasing biomarker severity associated with increasing kidney damage is suggested by the literature and is displayed by the darkening background color and the symbols +/++/+++. *Adapted from RIFLE/AKIN criteria. AKIN, Acute Kidney Injury Network. From http://www.ADQI.org, used with permission.



Biomarcadores en la IRA 

• La mayoría de biomarcadores nuevos rinden bien en 
estudios transversales de detección de IRA 
– Marcadores establecidos (diuresis, creatinina) 

también 
• La mayoría de biomarcadores nuevos detecta AKI antes 

que la creatinina… 
– Pero aún no disponemos de terapia específica 

• Algunos biomarcadores nuevos son pronósticos 
– Escalas clínicas (APACHE) rinden igual de bien, no 

cuestan, pero no se usan 
 



Biomarcadores en la IRA 

• Necesidad imperiosa en la IRA 
• Poca aplicabilidad hasta ahora 

– Complejidad de la fisiopatología de la IRA 
– Heterogeneidad de pacientes 

• Diagnóstico precoz de la IRA 
– No terapéutica específica 
– Medidas preventivas: ¿deberían ser universales? 

• Futuro más cercano 
– Diagnóstico diferencial 
– Pronóstico: necesidad de TRS, mortalidad, duración FRA 
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