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Classifications detect function 

not damage……  



Classifications detect function 

not damage……  

AKI I 

AKI II-III 



• These biomarkers may also help change the definition of AKI in the 
future and contribute to a better understanding, diagnosis, 
prevention, and treatment of septic AKI. 

Bellomo R et al. Intensive Care Med (2017) 43:816-828 



FUNCTIONAL BIOMARKERS (sCr – UO – Cys C) 
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Acute Kidney Damage 
No Kidney Dysfunction 

No Kidney Damage 
Acute Kidney Dysfunction 

Acute Kidney Damage 
Acute Kidney Dysfunction 

No Kidney Damage 
No Kidney Dysfunction 

Vandenberghe W et al. Curr Opin Anesthesiol 2017, 30:66–75 
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Biomarkers in AKI: CysC 

CYSTATIN C 

Cystatin C levels are less dependent on age, sex, race and muscle 
mass compared to creatinine. It is not secreted by tubular cells 

In humans, all cells with a nucleus 
(cell core containing the DNA) 
produce cystatin C as a chain of 120 
amino acids. It is found in virtually all 
tissues and body fluids. 
It is a potent inhibitor of lysosomal 
proteinases and probably one of the 
most important extracellular 
inhibitors of cysteine proteases 



Activated neutrophils mainly release homodimeric NGAL and 
to a lesser extent the monomeric form.  
In contrast, stressed kidney epithelial cells predominantly 
secrete monomeric NGAL apparently unable to form dimers. 

NEUTROPHIL GELATINASE ASSOCIATED LIPOCALIN 

 In bloodstream as a 25-kDa monomer, as a 45-kDa disulphide-
linked homodimer and as a 135-kDa heterodimer 

Produced in bone marrow, colon, trachea, lung and kidney 
epithelium 
 

Biomarkers in AKI: NGAL 



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. 
 
Animal studies have shown 
NGAL is one of the earliest 
proteins induced in the kidney 
after ischemic or nephrotoxic 
insult. 

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, 2003 

Biomarkers in AKI: NGAL 



uNGAL ELISA 

uNGAL wBlot 

Serum NGAL 

 71 post CPB 
infants 

 AKI incidence: 
30% 

 AKI definition: 
increase in SCr 
by 50% or more 

Lancet, 2005 
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At 2hours after CPB start: 

• uNGAL/Ucr cut off 200 ng/mg 

• pCysC: cut off 0.8 mg/L 

vs 

At first POD check: 

• DeltaSCR>50%  

DEVELOPMENT OF KDIGO stage 2 or 3 at any POD  

ANY AKI 

Combining Functional and Tubular Damage 
Biomarkers Improves Diagnostic Precision 

for Acute Kidney Injury After Cardiac 
Surgery Basu et al, JACC 2014 



Combining Functional and Tubular Damage Biomarkers 
Improves Diagnostic Precision for Acute Kidney Injury 

After Cardiac Surgery Basu et al, JACC 2014 

- uNGAL/uCr  +  uNGAL/uCr 
- pCysC   -   pCysC 

 
 
 
 
 

- uNGAL/uCr  +   uNGAL/uCr 
+    pCysC   +   pCysC 

 
 
 

NO AKI 

persistent  
AKI 

transient 
AKI 

AKI >2 days 





CELL CYCLE ARREST BIOMARKERS 

Biomarkers in AKI: TIMP2 - IGFBP7 

Tissue Inhibitor of Metalloproteinases-2 (TIMP-2) 
and Insulin-like Growth Factor-Binding Protein 7 

(IGFBP7) Kashani et al, CC 2013 

AKI II and 
III after 
12 hours 
from ICU 
admission 

MAKE 30 
or death 



Kashani et al.  Critical Care (2013) 17:R25 



Tissue Inhibitor of 
Metalloproteinase 
2 (TIMP-2) 

+ 

Insulin-Like 
Growth Factor 
Binding Protein 7 
(IGFBP7) 

G1 cell cycle arrest 

Kashani et al.  Critical Care (2013) 17:R25 



• Tubular cells may undergo 
cell cycle arrest (as 
demonstrated by cell cycle 
arrest biomarkers in the 
urine) to decrease energy 
consumption and protect 
themselves.  

 
• This phenomenon may then 

result in activation of the 
tubulo-glomerular 
feedback mechanism, 
which would contribute to a 
decrease in GFR aimed at 
attenuating ultrafiltration. 

Gomez H et al. Shock. (2014) 41:3-11 



Kashani et al.  Critical Care (2013) 17:R25 



 

[TIMP-2*IGFBP7] 
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Sensitivity: 0.88 
NPV: 0.94 

Risk for Major Adverse Kidney Events (death, dialysis 

or persistent renal dysfunction) within 30 days 

(MAKE30 ) elevated sharply for [TIMP-2]·[IGFBP7] 

above 0.3 and doubled when values were >2.0. 



Discontinue all nephrotoxic agents when possible 

Ensure volume status and perfusion pressure 

Consider functional hemodynamic monitoring 

Monitor serum creatinine and urine output 

Avoid hyperglycemia  

Consider alternatives to radiocontrast procedures 

Non-invasive diagnostic workup 

Consider invasive diagnostic workup 

Check for changes in drug dosing 

Consider RRT 

Consider ICU admission 

Avoid sub-clavian cath if 
possible 

High Risk AKI1 AKI2 AKI 3 



Prevention of cardiac surgery-associated AKI by 

implementing the KDIGO guidelines in high risk 

patients identified by biomarkers:  

the PrevAKI randomized controlled trial 

Meersch M et al. Intensive Care Med (2017)  

Supportive care “bundle” in high risk patients for AKI  reduce the 

occurrence and severity of CSA-AKI, 

High risk for AKI was defined as urinary [TIMP-2]· [IGFBP7] ≥  0.3 4 h after 

CPB. 

Avoidance of nephrotoxic agents - discontinuation of ACEi and ARBs for the first 48 h 

after Surgery - close monitoring of Scr and UO - avoidance of hyperglycemia for the 

first 72 h after surgery - consideration of alternatives to radiocontrast agents - close 

hemodynamic monitoring (PiCCO); optimization of the volume status and 

hemodynamic parameters according to a prespecified algorithm 



1046 cardiac surgery patients 

882 cardiac surgery patients screened 

276 patients randomized 

138 group control 138 intervention 
group  

606 excluded: 
- 495 with NephroCheck <0.3 
- 106 with exclusion criteria 
- 5 declined participation 

Meersch M et al. Intensive Care Med (2017)  





Dobutamine  13(9.4)  43(31.2)   <0.001 

MAP (mmHg) 
3h   72(9)  75(10)   0.017 
9h   71(10)  74(9)   0.007 
12h   71(11)  75(9)   0.005 

CVP (mmHg) 
3h   9(4)  10(4)   0.008 
6h   9(4)  11(5)   <0.001 
9h   9(4)  10(5)   0.014 

SvO2 (%) 
6h   65(9)  69(8)   <0.001 
9h   65(9)   68(10)   0.010 
12h   64(9)  68(8)   <0.001 

Hyperglicemia  104(75.4) 70(50.7)   <0.001 

Urine [T2I7] 12 h   0.84(0.35,1.57) 0.58(0.26,1.20)  <0.001 

ACEi/ARBs  42(30.4)  15(10.9)   <0.001 

Controls Interventions 





 The overall AKI incidence was 63.4% (175/276). 

Primary outcome (AKI within 72 h after surgery):  
Intervention group (55.1%) vs control (71.7%) [p = 0.004; OR, 0.483 (95% CI, 
0.293–0.796).  
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In the intervention group significantly lower rates of moderate and severe AKI 
were observed compared to the control group (29.7%) vs (44.9%); p =  0.009; OR, 
0.518 (95% CI, 0.316–0.851).  

55.1 

71.7 

29.7 

44.9 



Maybe … patients who received dobutamine … 

also received a better hemodynamic monitoring 

… resulting in the possibility of a more 

personalized medicine  

The adherence to guidelines (and bundles) can 

reduce the occurrence of CSA-AKI 
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Based on these studies, 

biomarkers are recommended 

for early identification of patients 

at risk and to guide an 

intervention strategy to reduce 
AKI (class IIa, level B-R).  



SO 
WHY SHOULDN’T WE DOSE 
BIOMARKERS TO ALL PATIENTS 
ADMITTED TO THE ICU? 



• A set of symptoms in the appropriate 
individual causes suspicion for MI 

• The clinical context leads to appropriate 
biomarker assessment to rule in or rule out MI 

– An at-risk individual 

– Symptoms that raise suspicion for MI (angina, ST 
elevation) 

• Lack of the anginal equivalent should inform 
us to not use the marker 

IS TROPONIN DOSED TO ALL PATIENTS? 



Troponin, the “Gold Standard”, + sick patient 

Amman, ICM 2001 



Being sick  Increased Troponin 

Agewall, Euro Heart Journ 2011 



How, and In Whom, Do We Apply 
 AKI Biomarkers? 

• Medical school aphorism: “There are only 
three reasons that people go to a doctor” 

– Fever 

– Bleeding 

– Pain 

• AKI is not specifically associated with any of 
these, simply put, “AKI doesn’t hurt”  



Persistent 

Transient 

ACUTE DIALYSIS QUALITY INITIATIVE WORKGROUP 16 (NAT REV NEPHROL 2017) 



CCM 2019 

Patients without AKI according to KDIGO stage 2 or 3. 

The primary endpoint being development of AKI 3 or death within 1 

week. 
 
Stage 1 urine output, serum creatinine, and urinary [TIMP-2]•[IGFBP7] 
>cutoff, were all predictive of progression to KDIGO 3 independent from 
nonrenal APACHE III score.  

“1” positive indicates only one of AKI by SCr, AKI by UO, or [TIMP-2]•[IGFBP7] > cutoff; “2” 

positive indicates exactly two of the conditions are met; and “3” positive all three conditions are 

met.  

UO sCr 



RENAL ANGINA INDEX (RAI) 



RAI 

The index calculation for the fulfilment of renal angina is assessed 12 h after a patient is 

admitted to an intensive care unit and used for prediction of severe acute kidney injury 

72 h (3 days) later.  

Risk factors are determined as described and assigned a point value (1, 3, and 5, where 1 

denotes the lowest risk and 5 denotes the highest risk). Mechanical ventilation and vasoactive 

support should be used within the 12-h timepoint but are not required to be simultaneous for a 

patient to be scored 5 points.  

Injury strata are described and assigned to a patient as appropriate. 



2017 

• For the assessment of the renal angina index, patients from the AWARE 

study who had full data from the day of ICU admission, day 3, and day 

28, including serum creatinine concentrations and urine output 

measurements were included.  
• Data for 1590 patients. 286 patients (18%) had fulfilment of renal angina.  
• At day 3, severe acute kidney injury occurred in 121 (42%) patients positive for 

renal angina and 247 (19%) patients negative for renal angina (relative risk [RR] 
2·23, 95% CI 1·87–2.66, p<0·0001).  

• Fulfilment of renal angina showed better prediction for severe AKI than serum 
creatinine greater than baseline (RR 1.61, 95% CI 1·33–1·93; p<0·0001), which 
was maintained on multivariate regression (independent odds ratio for 
fulfilment of renal angina 3·21, 95% CI 2·20–4·67 vs serum creatinine greater 
than baseline 0·68, 0·49–4·94).  



CJASN 2014 



Chawla et al. Critical Care 2013, 17:R207 

Furosemide Stress Test 

77 patients with early AKI   
 I.V. furosemide (1 mg/kg for diuretic-naïve 

patients or 1.5 mg/kg for diuretic-exposed 
patients)  

 measured urinary volume over time 



Furosemide stress test effect on urine flow 

Did not progress to AKIN III Progressed to AKIN III 

Chawla et al. Critical Care 2013, 17:R207 

Furosemide Stress Test 



Conclusions: The FST in subjects with early AKI serves as a novel 
assessment of tubular function with robust predictive capacity to 
identify those patients with severe and progressive AKI. Future 
studies to validate these findings are warranted. 

• A volume less than 200 mL in 2 hours (100 ml/h) 
had 87% sensitivity and 84% specificity of 
worsening of AKI. 

Chawla et al. Critical Care 2013, 17:R207 

Furosemide Stress Test 



With permission, by Stu himself 



Where We are Heading 
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 AKI is bad 

 KDIGO classification (especially classes 2 and 3) 

highlights that function is lost 

 Prevention is key 

 Renal damage/stress can now be identified 

and further disease evolution anticipated 

 Adequate selection of patients screened with 

biomarkers (high risk surgery, AKI1, RAI, FST) 

is recommended 



Active research is ongoing on renal 

biomarkers and the Holy Grail is about to come 

 

Further research should confirm the efficacy 

of therapeutic/preventive bundles in the 

management of AKI 




