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Acute Kidney Injury

RISK ↑ S creatinine ≥ 
1.5× baseline

UP < 0.5 ml/kg/h 
for ≥ 6 hrs

Injury ↑ S creatinine ≥ 
2× baseline

UP < 0.5 ml/kg/h 
for ≥ 12 hrs

Failure

↑ S creatinine ≥ 
3× baseline or ≥ 
354 μmol/l with  

acute ↑ 44 μmol/l 

UP < 0.3 ml/kg/h 
for ≥ 24 hrs or 
anuria ≥ 12 hrs

LOSS
Complete loss kidney function > 4 

weeks
Complete loss kidney function > 4 

weeks

ESKD End-stage kidney disease > 3 MEnd-stage kidney disease > 3 M

Stage 1
↑ creatinine ≥ 
1.5× or > 26.4 
μmol/l baseline

UP < 0.5 ml/kg/h 
for ≥ 6 hrs

Stage 2 ↑ creatinine ≥ 
2× baseline

UP < 0.5 ml/kg/h 
for ≥ 12 hrs

Stage 3

↑ creatinine ≥ 
3× baseline or 
≥ 354 μmol/l 

with  acute ↑ 44 
μmol/l or RRT

UP < 0.3 ml/kg/h 
for ≥ 24 hrs or 
anuria ≥ 12 hrs

RIFLE AKIN

Baseline creatinine < 1 week Baseline creatinine < 48 hours

Exclude pre- and 
postrenal causes

Estimate with MDRD criteria
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RIFLE criteria in cardiac 
surgery

0

20

40

60

80

RIFLE 0 RISK INJURY FAILURE

RRT ICU > 5 D Mortality 90 D

N = 652 N = 88 N = 28 N = 40

%

Kuitunen A.  Ann Thorac Surg 2006;81:542-546
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RIFLE criteria in the 
general ICU
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Acute Kidney Injury
Acute kidney 

Injury

IntrinsicPre-renal Post-renal

Acute tubular 
necrosis

Interstitial Vascular Glomerular

In the ICU > 90% intrinsic due to hypoperfusion and/or sepsis

5



Pre-renal versus intrinsic

Test Pre-renal Intrinsic

Urine osmolarity
(mOsm/kg)

> 500 < 400

Urine Sodium
(mEq/l)

< 20 > 40

Urine/Plasma Creatinine > 40 < 20

Fractional Sodium 
excretion (%)

< 1 > 2

Sediment
Normal, sometimes hyalin 

or granular casts
Renal tubular cells, 

(brown) granular casts
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Acute tubular necrosis

• Frequently - proximal tubular cell necrosis 
is absent during on histopathology

• Concept of sublethal cell injury with 
proximal tubule cell dysfunction
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NGAL and AKI after 
cardiac surgery

Bennett M. CJASN 2008;3:665-673
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Prevention

• Maintain adequate circulating volume

• Maintain adequate perfusion pressure

• Avoid additional insults
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Other medications to 
avoid

• Aminoglycosides

• Amphotericin B

• Radiocontrast
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Fenoldopam prevention
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Landoni G.  Am J Kid Dis 2007;49:56-68
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Glomerular Hemodynamics
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Decreased GRF in 
patients with AKI
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Overzealous fluid 
resuscitation

• Renal excretion of exogenous sodium is 
slow even in healthy individuals and is 
further impaired in acute illness

• Hyperchloremia reduces renal blood flow 
and impairs sodium excretion

17



IAH
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RCT’s with major differences in fluid balance

P = 0.06
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Reasonable guidelines
• Volume therapy should result in a 

reasonable cardiac output but should not 
compensate for excessive vasodilation

• This results in an earlier and greater use of 
vasopressors

• After 1 or 2 days thinks about prevention 
of further fluid overload and removal of 
excess salt and water

• If diuretics fail - otherwise early CRRT
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Critically ill
Age ≥ 18

Acute Kidney Injury

CVVH
Blood flow >
150 mL/min

40 mL/kg/hr

25 mL/kg/hr

N = 721

N = 743

No differences in baseline characteristics
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No differences in need for RRT in survivors at day 28 and day 90

0 46,2% 47,6%

1 35,4% 35,2%

2 14,7% 13,9%

3 3,4% 3,2%

4 0,4% 0,1%

No.  of nonrenal organ failures (%)

RENAL Replacement Therapy Study Investigators. N Engl J Med 2009;361:1627-1638
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