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Risk Assessment 

Prevention 

Early Detection 

I won’t tell you how many slides I 

had… 
In 25 

Minutes… 



+ 
What Do we Mean By Risk 

Assessment? 







+ 

Ischaemia 

Nephrotoxins 

Contrast 

Endothelial Damage 
 PAF 

 Endothelin 1 

 NO 

 TxA2 

 LTs 

TNF 

IL-6 

IL-8 

Coagulopathy  

DIC 

Legion… 

Step 1: Identify The Hazards 



So Who Is At Risk? 

Where Do We Go For 

Guidance? 



141 Pages Long 

132 Page Appendix 

64 Pages of Tables 
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Death 

Conceptual Model for  

Acute Kidney Injury (AKI) 

Complications 

Normal 
Increased 

risk 

Kidney 

failure 
Damage  GFR 

AKI 

Vancouver meeting 2006 
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Risk Factors for Developing AKI 

Shared (patient specific): 

• Volume Depletion 

• Age 

• Female Gender 

• CKD  

• Previous AKI 

• Comorbidities 
– CHF 

– COPD 

– Hypertension 

– Diabetes 

• Premedication 
– ACE/ARB 

– Devil‘s Medicine 

 

Disease specific: 

• Genetics 

• Pathophysiology 

 

Intervention Specific: 

• Medication 

• Procedures 
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Revised Risk factors for AKI 

Shared (patient specific): 

• Old Age 

• Female Gender 

• CKD  

• Previous AKI 

• Comorbidities 
– CHF 

– Liver Disease 

– Proteinuria 

• Premedication 
– ACE/ARB 

– NSAIDS 

 

Disease specific: 

• Genetics 

• Pathophysiology 

 

Intervention specific: 

• Medication 

• Procedures 

• Weekend Admission 

• Surgery 

 

Examples? 



+ 
Weekends:  

AKI On Admission 
Small = 1-249 Beds 

Medium = 25-374 Beds 

Large = 50->450 Beds 



+ 

Small = 1-249 Beds 

Medium = 25-374 Beds 

Large = 50->450 Beds 

Weekends:  

AKI During Admission 
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Revised Risk factors for AKI 

Shared (patient specific): 

• Old Age 

• Female Gender 

• CKD  

• Previous AKI 

• Comorbidities 
– CHF 

– Liver Disease 

– Proteinuria 

• Premedication 
– ACE/ARB 

– NSAIDS 

 

Disease specific: 

• Genetics 

• Pathophysiology 

 

Intervention specific: 

• Medication 

• Procedures 

• Weekend Admission 

• Surgery 

 

Why Proteinuria 

& Not Diabetes? 



+ 
Surgery & AKI : Influence of DM 

Over 1000 Surgical Patients 

AKI as defined by AKIN 

Major determinants of AKI? 

Critical Care 2009 13:R79 



+ 

AGE 

ASA GRADE 

EMERGENCY  

SURGERY 

HIGH RISK SURGERY 

IHD & CCF BUT NOT DIABETES 



+ 
Diabetes & ICU Outcomes 

Is this a surprise?? 

 

In fact conflicting results in the 
literature…… 

 

What We Need Is A 

Meta-Analysis!!! 



+ 
And What A Meta-Analysis… 



+ 
Summary… 

Siegelaar etal Critical Care 2011 15:R205  



+ 
Summary… 

Siegelaar etal Critical Care 2011 15:R205  



Uchino etal  

BEST Kidney Investigators 

JAMA 2005 294 813-18 

No obvious problem 

with DM here…. 



Tao-Min HuangJ Am Soc Nephrol 2010 22:   

Meta Analysis Did Tell Us That 

Cardiac Surgery & DM Was Bad… 



But is it Diabetes or Proteinuria?? 



James etal Lancet 2010 376 2096-103 

Huge Study : 920,985 Patients 

All hospital admissions between 

2002-2007 

Median FU 35 months 

 

0.7% Admitted to hospital with AKI 

 

Evidence Outside the ICU? 



James etal Lancet 2010 376 2096-103 

eGFR (>60) : RR of AKI was 4.4 

higher in those with proteinuria 

 

In those with heavy proteinuria the 

risk of AKI and AKI requiring RRT  

was raised regardless of GFR 

 



James etal Lancet 2010 376 2096-103 

So : I Think That Proteinuria 

Should Be A Prominent Risk 

Factor For AKI 
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Incidence and outcomes of acute kidney injury in intensive care units:  

A Veterans Administration study 

CV Thakar et al,  

Crit Care Med 2009 

 

Risk Dependent 

on Cause 



+ 
Step 3: Evaluating The Risk 

 

Causation cannot be ignored 

 

Can we predict the risk? 
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All for Elective Procedures 



Kidney Disease: Improving Global Outcomes 

WWW.KDIGO.ORG 

Predicting Acute Renal Failure after Cardiac Surgery: 

External Validation of Two Clinical Scores 
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Predicting Acute Renal Failure after Cardiac Surgery: 

External Validation of Two New Clinical Scores 

Candela-Toha, CJASN 2008 

Cleveland Toronto 



+ 
What About Non-Surgical Patients? 
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Risk Factors for CIN 
Patient-related 

 

• CKD 

• Diabetes mellitus with 

renal insufficiency 

• Age 

• Volume depletion 

• Hypotension 

• Low cardiac output 

• Class IV CHF 

• Other nephrotoxins 

• Renal transplant 

• Hypoalbuminemia (<35 g/L) 

 

Procedure-related 

 

• Multiple contrast media 

injection within 72 hrs 

• Intra-arterial injection site 

• High volume of contrast 

media 

• High osmolality of contrast 

media 

 

 

Hörl WH. Contrast induced nephropathy. Wien Klin Wochenschr 2009; 121: 15-32 
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Contrast-nephropahty  

Risk Score 

Mehran, JACC 2004 



So What Does This 

Tell Us? 



Kidney Disease: Improving Global Outcomes 

WWW.KDIGO.ORG 

CHAPTER 2.3:  AKI RISK 
EVALUATION  

We recommend that patients be 

stratified for risk of AKI according to 

their susceptibility and in context 

with the exposure whenever 

possible. (1B) 
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CHAPTER 2.3:  AKI RISK 
EVALUATION  

 It is reasonable to manage patients 

according to their susceptibilities 

and exposures to reduce the risk of 

AKI.  
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CHAPTER 2.3:  AKI RISK 
EVALUATION  

 It is reasonable to test patients at 

increased risk for AKI with 

measurements of serum creatinine and 

urine output to detect AKI.   

Individualize frequency and duration of 

monitoring based on patient risk and 

clinical course.  (Not graded) 

So : Not a lot…. 



Prevention? 



+ 
How Do We Prevent AKI?? 



+ 
Don’t Get Admitted to Hospital… 



+ 
UK Renal Association…. 
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Management of Patients According 

to their Susceptibilities 

• Hypovolemia   -> Volume Expansion 

• Hypotension    -> Volume Expansion, Vasopressors 

• CHF    -> Inotropes, Inodilators (e.g. levosimendan) 

• Nephrotoxins  -> Stop them 

• ACE/ARB    -> Stop them 

 

 

• Age     -> ? 

• Gender   -> ? 

 
WG Nephrology of ESICM (Joannidis et al , Intensive Care Med 2009)  
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Stage-Based Management  

Stage-based management of AKI: Shading of boxes indicates priority of   

action—solid shading indicates actions that are equally appropriate at all stages 

whereas graded shading indicates increasing priority as intensity increases. 



+ 
Preventing AKI 

• Often (always) multifactorial 

• Can we expect to find a ‘cure-all’? 

 

•What has been Tried? 



Vasoactive Drugs 

Diuretics 

Renal Vasodilators 

NAc, Statins, Ascorbate 

EPO, IgF-1, Insulin 



MESNA 

Retinoic Acid 

Silymarin 

Spironolactone 

Urodilatin 

AND MANY OTHERS 

Urodilatin 

Carvedilol 

Statins 
 

Pentoxifyline 
 No Evidence In Patients 

 of Any Benefit 



+ 
Preventing AKI: Fluids 

Fluid replacement : Must be a good thing 

 

But which fluid?? 

 

 
Not entirely surprising… 



+ 
Preventing AKI: Colloids? 

 

 

Evidence that colloids 
increase the need for RRT… 



+ 
Which Fluid….. 
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KDIGO 

 



Diuretics 

Rationale 

 

Reduced O2 Consumption 

Increased Tubular Flow  

Increased Urea Excretion 

Volume Management 

 

 



High-dose Furosemide in 

patients with Established AKI 

 

Cantarovic F, Am J Kidney Dis 2004 



+ 



Diuretics and AKI 

Despite Repeated Trials.. 

 

We cannot believe it 

 

They must work…  
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KDIGO 

 



+ 
Dopamine 

Rationale 

? Preferential Renal 
Vasodilatation 

?Evidence 



Effect of ´low-dose´ dopamine  

on Renal Resistive Index  

Lauschke A, Kidney Int 2006 



…And No Effect on the 
 development of AKI 
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KDIGO 

 



+ 
What of Vasoconstrictors? 

NAd 

Vasopressin 
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KDIGO 

 



Kidney Disease: Improving Global Outcomes 

WWW.KDIGO.ORG 

KDIGO 

• IGF-1   

• ANP 

• Fenoldapam 

• NAc  

• EPO 

• Not Recommended 

• Not Recommended 

• Not Recommended 

• Not Recommended 

• Not Recommended 



+ 
Insulin 

Pooled analysis failed to confirm early 
beneficial effects of IIT 

NICE-Sugar the largest randomized trial to-
date found that IIT increased mortality 

BG target 4.5-6.0 higher mortality than ≤ 
9.99 

The end for IIT? 



+ 
Insulin 

Further analysis of the original studies on IIT 

Renal end-points combined using a modified 
version of RIFLE: 

 Tight glycemic control reduced the incidence of severe 
AKI from 7.6% to 4.5% (P = 0.0006)  

 Need for RRT was not decreased in overall population/ 
medical ICU population 

 But significantly lower in the surgical ICU patients (4% 
vs. 7.4%, P = 0.008).  

M. Schetz, JASN 2008 
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p=0.003 

p=0.0003 

p=0.048 

p=0.006 

p=0.06 

p=0.04 

M. Schetz, JASN 2008 

Intensive Insulin Therapy and AKI  

Balance of Risk 
? Curse of the RCT? 
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KDIGO 

 



+ 
What About Well Defined 

Conditions? 



+ 
Rhabdomyolysis 

Should be easy 

Identifiable (mostly) 

Biomarker (of sorts) 

Bicarbonate/Mannitol/Frusemide  

?Evidence 



Therapy for Rhabdomyolysis 
 

Brown C et al.  
J Trauma 2004; 30 : 1191-96 

• Retrospective analysis (5 yrs) 

• 2083 patients  

• 85% of them with increased CK 
No Difference in: 
% Renal Failure 

% Dialysis 
% Mortality 



+ 
Therapy for Rhabdomyolysis 

NEJM 2009 



+ 
Tumour Lysis Syndrome 

TLS characterized by Severe 

Hyperuricemia 

Hyperphosphatemia 

Hyperkalemia 

Hypocalcemia, 

Acute Kidney Injury 



+ 
Rasburicase 

 

Rasburicase 

Allopurinol 

Goldman Blood 2001 97; 2998-3003 



+ 
Rasburicase 

Rasburicase Group 

Adjusted SCr fell from 144% to 102% 

Allopurinol Group 

Adjusted SCr rose from 132% to 147% 

 

No difference in need for RRT 

Peak Uric Acid reduced (p<.0001) 

Mean Uric acid AUC less (p <.0001)   

Goldman Blood 2001 97; 2998-3003 



+ 
Preventing AKI…..  

Beset by Problems: 

An incomplete understanding of the 
underlying pathophysiologic mechanisms 

 

The lack of robust early markers for AKI, 
and hence an unacceptable delay in 
initiating therapy  



+ 
Conclusions 

 Therapeutic options limited 

 

 Key may be early initiation of treatment 

 

 ? Early Goal Directed Therapy for the Kidney 

At Present….Is this the 
best we can hope for? 



Early Detection? 



Glomerular filtration: 

Cystatin C 

NGAL 

Prox tubule: 

Cystatin C 

NAG 

α-GST 

γ-GT 

NGAL 

KIM–1 

IL-18 

RBP 

L-FABP  

Distal tubule: 

π-GST 

NAG 

NGAL 

 

Loop of Henle: 

RAP  (in rats) 

AKI Biomarkers 



What Is A Biomarker? 

N-terminus 

NIH Definition: 

“…a characteristic that is objectively 

measured and evaluated as an 

indicator of normal biologic processes, 

pathogenic processes, or 

pharmacologic responses to a 

therapeutic intervention…” 



The Rise of the Biomarker 

0

20

40

60

80

100

120

140

2005 2006 2007 2008 2009 2010

AKI &
Biomarkers

Approaching 250 Papers 

to-date….. 

 

…and counting… 





NGAL 

  

! -   
. 

. 1 . 

Inflammation (  ) 

Kidney injury  

Infection 

Adenocarcinomas 

 

Neutrophil gelatinase-associated lipocalin 

 Neutrophil/epithelial 
protein – spills into blood 
and urine 

 Released in inflammation 
from several epithelia 

 Released by certain 
adenocarcinomas 

 Released in bacterial 
infection and sepsis 

 Released at higher levels 
in kidney injury 

 Levels increase within <2 
hours of kidney injury 







M Ostermann, Philips BJ & Forni LG Crit Care in press 
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When Might We 

Use A Biomarker? 

And is there any 

evidence… 



Pre-Renal vs Intrinsic 

 Nickolas etal (J Am Coll Cardiol 
2012) 

 1635 patients and evaluated 

 NGAL 

 KIM-1 

 L-FABP 

 IL-18 

 Cystatin C 

 
 

All Markers Raised 

Only uNGAL & uCysC 

able to distinguish pre 

renal from sustained 

  



Pre-Renal vs Intrinsic 

 Hall etal (Clin J Am 

Soc Nephrol 2011) 

 249 patients analysed 

on day 1 AKI 

 Measured 

 uNGAL 

 KIM-1 

 IL-18 

 Also used a clinical 

model to predict 

death or 

progression of AKI 

 GFR, Surgery  

 DM, HT 

 >65, BMI, Sex, 

Race 

 AUC 0.62 

 
 

Addition of: 

KIM-1 :   0.62 to 0.69 

IL-18 :   0.62 to 0.68 

uNGAL :   0.62 to 0.75 



Is NGAL Mystic meg? 
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Urine NGAL Levels Post- Bypass 

15-fold increase in urine NGAL at 2 hours after CPB and 25-fold 

increase at 4 hours after CPB in children 

Bennett M, et al. Clin J Am Soc Nephrol. 2008;3:665-673. 

N = 196 

* 

* * 

* 

* 

* * 
* 

*P <0.05 comparing patients with or without AKI 
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Early ‘diagnosis’ of AKI 

 Most studies have concentrated on 

the use of biomarkers to predict rises 

in serum creatinine…….and 

therefore AKI 

 Despite the fact that most proponents 

of biomarkers for AKI tell us how bad 

a tool creatinine is….. 

 

 



Early ‘diagnosis’ of AKI 

 Often quoted study 

 301 ICU patients 

 Measured pNGAL 



Early ‘diagnosis’ of AKI 

 BUT 

 

 Strong association with disease severity regardless of AKI 

 

Cruz et al. Intensive Care Med 2010;36 



Early ‘diagnosis’ of AKI 

Cruz et al. Intensive Care Med 2010;36 



 

But…. 



Here’s the but…. 

301 patients : 133 developed AKI (50% 

septic) 

Median pNGAL AKI vs Non-AKI (p=0.13) 

90/133: Had AKI on admission  

? How many included in the ROC curve 

? Are We Predicting the obvious 

 

 



So Where Are We……A Troponin 

for the Kidney? 

The Kidney is not 

the heart 

AKI is not AMI 

Is the fault with 

the biomarkers 

or the concept of 

AKI itself? 

 



The Future? 

A Personal View 

Little role for biomarkers in the ICU at 

present 

May be a role in acute medical units 

or the deep recesses of 

orthopaedics…Preferably with a risk 

assessment tool 

This may all change if we can work 

out how to treat AKI…… 





Thank You For Listening 


