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During the bombing of London in world war II, Bywaters described cases of

acute loss of kidney function in severely injured crush victims. Histological

evidence for patchy necrosis of renal tubules at autopsy, suggested him to

use the term Acute Tubular Necrosis (ATN) to describe this clinical entity.

AKI: historical notices



ARF mortality approached 100% in World War II (no treatment available).

Acute hemodialysis was first used clinically during the Korean War in 1950 to

treat military casualties, decreasing ARF mortality to about 50%.

AKI: historical notices
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Fluid resuscitation on the battlefield with the rapid evacuation of the casualties to

hospitals by helicopter was optimized further during the Vietnam War. For seriously

injured casualties the incidence of ischemic ARF was one in 200 in the Korean War

and one in 600 in the Vietnam War. This historical sequence of events suggested that

early intervention could prevent the occurrence of ARF, at least in military casualties.

AKI: historical notices





In the last half century, much has been learned about the pathogenesis of

ischemic and nephrotoxic ARF in experimental models, but there has been

very little improvement in mortality. This may be explained by changing

demographics: age and comorbidity of patients with ARF continue to rise,

possibly obscuring any increased survival related to improved critical care.

AKI: Changing Pattern
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Severity of illness

ARF/AKI and Critical Care Nephrology
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Community-based incidence rates of AKI

AKI non requiring dialysisis AKI requiring dialysisis

ÅThe number of cases of AKI is progressively increasing

ÅThe demand for renal replacement therapy is increasing

ÅThe cost for patients requiring RRT is higher than average



Increasing incidence of AKI
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Incidence: AKI in Sepsis

24

39

89

0

10

20

30

40

50

60

70

80

90

100

Sepsis Severe Sepsis Septic Shock

A
K

I 
(%

)

SIRS/Sepsis Category
Rangel-Fraustoet al JAMA 1995



AKI severity correlates with  in 

hospital mortality



Outcome in patients with 

conservative treatment and RRT. 
Elseviers et al. Critical Care 2010

http://ccforum.com/content/14/6/R221/figure/F2?highres=y
http://ccforum.com/content/14/6/R221/figure/F2?highres=y


Epidemiology: AKI

ÅIncidence: 5-7% hospitalised patients
ï Albright RC: Acute renal failure: a practical update. Mayo Clin Proc 76: 67-74, 2001

ï Hou SH, Bushinsky DA, Wish JB, et al: Hospital acquired renal insufficiency: a prospective study. Am J Med 74: 243-248, 1983

ï Nash K, Hafeez A, Hou, S: Hospital-acquired renal insufficiency. Am J Kidney Dis 39: 930-936, 2002

ÅIncidence: 5-25% ICU patients
ï De Mendonca A, Vincent J-L, Suter PM, et al: Acute renal failure in the ICU: Risk factors and outcome evaluated by the SOFA score. Intensive 

Care Med 26: 915-921, 2000

ï Chertow GM, Levy EM, Hammermeister KE, Grover F, Daley J: Independent association between acute renal failure and mortality following 

cardiac surgery. Am J Med 104: 343-348, 1998

ÅIncidence varies greatly according to
ïspecific population studied

ïdefinition used



Incidence of AKI
(Definition/Reporting Issues)
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Over 30 definitions of AKI/ ARF 

exist in the literature
1. Creat ȹ 0.1 mg/dL

2. Creat increase >0.5 mg/dL

3. Creat>= 0.5 mg/dL

4. Creat >= 1.7 mg/dL

5. Creat >= 1.5 mg/dL

6. Creat >= 2 mg/dL

7. Creat>= 2.1 mg/dL and x 2

8. Creat >= 177Õmol/L ȹ>62Õmol/L

9. Creat > 200µmol/L (2.36 mg/dL)

10. Creat> 3.2 mg/dL or x 2

11. Creat>5 mg/dL or K > 5.5

12. RIFLE

13. Creat increase >= 25%

14. Creat increase >= 50%

15. Creat increase >= 100%

16. ȹCr72h >0Õmol/L

17. ȹCr72h >25Õmol/L

18. ȹCr72h >44Õmol/L

19.ȹCr72h >50Õmol/L

20.ȹCr72h >100Õmol/L

21.Cockcroft-Gault Cr Cl < 30 mL/min

22.Cockcroft-Gault Cr Cl 30ï60 mL/min

23.ȹCockcroft-Gault72hr <0%

24.ȹCockcroft-Gault72hr <-15%

25.ȹCockcroft-Gault72hr <-25%

26.ȹCockcroft-Gault72hr <-50%

27.MDRD: 50% change in GFR

28.UO <100 q 8hr

29.U Ŭ1-microglob

30.U ɓ2- microglobulin

31.U N-acetyl- ɓ-D-glucosaminidase

32.U gluthation transferase-ˊ

33.U gluthation transferase- Ŭ

34.NGAL

35.RRT

36.é
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Kellum et al. Current Opin in Crit Care 2002



Application of AKI Definitions
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ADQI, May 10-12, 2002 Vicenza



RIFLE Criteria for Acute Kidney Injury

Risk

Injury

Failure

Loss

ESRD

Increased creatinine x1.5 

or GFR decrease > 25%

End Stage Renal Disease  

Cr/ GFR Criteria Urine Output Criteria

UO < .3ml/kg/h

x 24hr or 

Anuria x 12 hrs

UO < .5ml/kg/h

x 12 hr

UO < .5ml/kg/h

x 6 hr

Increased creatinine x2

or GFR decrease > 50% 

Increase creatinine x3

or GFR dec >75%

or creatinine ²4mg/dl
(Acute rise of ²0.5 mg/dl)

High

Sensitivity

High

Specificity

Persistent ARF** = complete loss 

of renal function > 4weeks   

ADQIADQI

Describe 

outcome of 

AKI



Risk
vs NonAKI

Injury
vs NonAKI

Failure
vs NonAKI

1 102.4 4.15 6.37

Relative Risk

Increase in All-Cause Mortality with worse RIFLE Class

N= 1.500,000 patients

Mortality

H-LOS

ICU-LOS

Costs

R. Recovery



AKIN)

R (I)

I (II)

F (III)

Increased creatinine x1.5

OR > 0.3mg/dl

UO < .3ml/kg/h

x 24hr or 

Anuria x 12 hrs

UO < .5ml/kg/h

x 12 hr

UO < .5ml/kg/h

x 6 hr

Increased creatinine x2

Increase creatinine x3

or creatinine ²4mg/dl
(Acute rise of ²0.5 mg/dl)

RRT Started 

ü

ü

ü





Acute Dialysis Quality Initiative

Consensus Conference on Acute Kidney Injury Biomarkers



Basile et al. ComprPhysiol2012 

Clinical Phases Of AKI And Organ Function 
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Clinical Phases Of AKI And Organ Function 
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Clinical Phases Of AKI And Organ Function 



Clinical Phases Of AKI And Organ Function 

Basile et al. ComprPhysiol2012 



Basile et al. ComprPhysiol2012 

Clinical Phases Of AKI And Organ Function 



Generation of biomarkers in AKI



Structural VS Functional Biomarkers



Clinical Continuum of AKI

Devarajan, Biomarkers Med 4:265-80, 2010



Coca SG et al, Kidney Int, 2007

Established AKI

Early AKI

Severity of AKI

Diagnosis and Monitoring of AKI



71 children undergoing cardiopulmonary bypass surgery



Urinary KIM-1 concentration

is significantly higher in

patients with ischemic ATN

compared to other forms of

AKI or CKD. KIM-1 is

expressed in ischemic tubuli

Normal ATNContralateralPostischemic

Urine  KIM-1



KIM-1 co-localizes with markers for 

dedifferentiation and proliferation

Secreted ectodomain in lumen - Biomarker

Protective protein ïRole in Regeneration?



Changes in AKI biomarker concentration over time after renal injury 

AlgeJL, Arthur JM. CJASN. 2015 Jan 7;10(1)
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AKI outcomes 





New ADQI diagnostic criteria for AKI

Increased serum creatinine 
җ лΦо ƳƎѷŘƭƻǊ мрл҈ Җпу 
hours or urine output <0.5 
ƳƭѷƪƎѷƘfor > 6 hours, or 
mildly decreased GFR 

Increased serum creatinine 
by 200% or urine output 
<0.5 ƳƭѷƪƎѷƘfor > 12 hours, 
or moderately decreased 
GFR

Increased serum creatinine by 
300% όƻǊ җ пΦл ƳƎѷŘƭwith an acute 

ƛƴŎǊŜŀǎŜ ƻŦ җлΦр ƳƎѷŘƭ) or urine 
output <0.3 ƳƭѷƪƎѷƘfor > 24 
hours or anuria for > 12 h or 
acute RRT, or severely 
decreased GFR

Biomarkers 
positive

FUNCTIONAL CRITERIA DAMAGE CRITERIA

STAGE 1

STAGE 2

STAGE 3

+

++

+++



NGAL Score in CSa-AKI



Nephrocheck Quantum Thresholds




