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ACUTE KIDNEY INJURY: 
THEN AND NOW

Then
No ICU support

Not ventilated

No vasopressors

Isolated kidney failure

Limited study design

Limited statistical analysis

Now
Older

Co‐morbid disease

CKD prevalence

Complex procedures

Advanced technology

Illness severity

Multi‐organ support
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CONTRIBUTING FACTORS 
FOR AKI

Uchino et al JAMA 2005

.....however, AKI is increasingly 
multi-factorial and multi-insult
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OUTCOME IN SEVERE 
AKI
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Wald et al JAMA 2009
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HOW DO WE DEFINE 
“TIMING” OF RRT 

INITIATION?

Symptom onset

Serum/urine biochemistry

Novel biomarkers (i.e. NGAL)

Relative to onset of AKI

Relative to hospital/ICU admission

WHAT IS CURRENT 
PRACTICE?
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WHAT IS CURRENT 
PRACTICE?

Trials Criteria for RRT Initiation

Ronco (2000) AKI defined as elevated urea/SCr and oliguria (200mL/12hr), 
despite fluid resuscitation and furosemide

Mehta (2001) AKI defined as sustained rise in baseline SCr >88.4, absolute 
>177 or urea>40 

Schiffl (2002) Attending nephrology decided when to initiate RRT 

Saudan (2006) AKI, not otherwise defined 

Vinsonneau (2006) AKI defined as urea>36, SCr>310

ATN Study (2008) AKI defined as SCr>177 in men, >133 in women, within 4 
days, oliguria (<20mL/hr), despite fluid resuscitation

RENAL Study 
(2009)

AKI defined by oliguria (<100mL/6hr) despite fluid 
resuscitation, K>6.5, pH<7.20, urea>25, SCr>300 or significant 

organ edema
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WHAT IS CURRENT 
PRACTICE?

Study ICU (days) Hospital (days)

BEST Kidney Study 1.0 (0‐5) 5.0 (1‐12)

CANAKI Study 1.0 (0‐4) 3.0 (1‐10)

ATN Trial 6.4 (±7.8) 10.3 (±14.7)

Tolwani et al Trial 8.0 (±11) ‐

RENAL Trial 2.1 (±4.2) ‐
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CLASSIC “RESCUE”
INDICATIONS FOR RRT

“Absolute” Indications for RRT initiation
Oligo‐anuria Urine output <200mL/12 hr or anuria

Azotemia Urea>36 mmol/L or uremic organ complications

Hyperkalemia K+ >6.5 and/or rapidly rising and/or ECG abnormalities

Metabolic acidosis pH <7.15

Sodium disorders Progressive and/or uncontrolled hypo/hypernatremia

Thermoregulation Uncontrolled hyperthermia and/or hypothermia (>39.5 C)

Volume overload Clinically significant, diuretic‐unresponsive organ edema

Overdose Drug overdose with dialyzable toxin

Any Critical Care or Nephrology Textbook
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PATIENT-SPECIFIC 
FACTORS

Pre‐morbid kidney function

Current kidney function/anticipated demand

Co‐morbid disease/physiologic reserve

AKI/illness severity/trajectory

Prevention of uremic/organ toxicity
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CLINICIAN-SPECIFIC 
FACTORS

Goals of therapy 

Relative indications

Individual thresholds for initiation

Local practice patterns/standard of care

Prescribing service
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ORGANIZATIONAL 
FACTORS

Country

Institution type

ICU type

Machine/nurse resource availability

Health resources/costs
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TIMING OF RRT 
INITIATION

Urea <27 
mmol/L
(n=‐122)

Urea ≥27 
mmol/L
(n=121)

p

Urea (mmol/L) 17 41 <0.001

Creatinine (umol/L) 301 415 <0.001

No. Organ Failures 4 3 0.008

Sepsis (%) 37 46 0.14

Initial RRT (CRRT) (%) 69 43 0.001

Death at 60-days: 
HR 1.85 (95% CI, 1.16-2.96)

Bagshaw et al J Crit Care 2009

OR 1.25, 
95% CI, 0.9‐1.7

OR 0.51, 
95% CI, 0.4‐0.7

OR 1.95, 
95% CI, 1.3‐2.9



Urea  Creatinine
>24

mmol/L
<24 

mmol/L
>309 
µmol/L

<309 
µmol/L

RRT Duration (d) 6 4 6 5

Non‐Recovery (%) 24 9 23.1 6.9

Hospital LOS (d) 23 15 18 19

Parameters at RRT 
initiation

Adj‐OR

Age (per year) 1.03

Oligoanuria 1.60

Co‐morbid illness 1.74

CVS Failure 1.30

RESP Failure 1.62

NEURO Failure 2.48

HEME Failure 1.74

HEPATIC Failure 2.44

Ventilated 6.03
Ostermann et al Crit Care 2009
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n=98 Early Late

CKD 55 28

APACHE II  18 21

Indications:

Azotemia 37 49

Oliguria 45 36

Fluid overload 8 13

Acidosis 16 13

Mortality 43 75

Non‐recovery 41 21

Death In-Hospital for Late RRT: 
HR 1.85 (95% CI, 1.07-3.82)

Shiao et al Crit Care 2009
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CARDIAC SURGERY

2 small single centre 
retrospective studies

Early: for oliguria 
(<100ml/8hrs)

Late: conventional 
indications 

RRT started earlier after 
surgery in “early”

Shorter stay in ICU

Survival benefit

Demirkilic et al J Card Surg 2004; Elahi et al Eur J Cardiothorac Surg 2004

2 centre RCT of RRT timing in oliguric 
AKI in 106 ventilated patients

Early – CrCl <20mL/min or UO<180mL/6hrs

Late – Urea >40mmol/L or pulmonary 
edema (P/F <150)

Time to initiate RRT from oliguria:

Early 7 hrs vs. Late 42 hrs

No difference in:

Survival

Renal recovery
p=0.80

Bouman et al CCM 2002

RCT: RR 0.64 (95% CI, 0.40‐1.05)

Cohort: RR 0.72 (95% CI, 0.64‐0.82)

Seabra et al AJKD 2008



Seabra et al AJKD 2008

RCT: RR 0.80 (95% CI, 0.31‐2.10)

Cohort: RR 0.76 (95% CI, 0.55‐1.05)

NGAL >130 µg/g – 32.3% required RRT
OR 24.7, 95% CI, 7.7‐79.4
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FLUID 
ACCUMULATION

Total Fluids 
(mL)

0‐6 hrs 7‐72 hrs 0‐72 hrs

Standard 3499 10602 13358

EGDT 4981 8625 13443

Rivers et al NEJM 2001



Study Year N Population Exposure Outcome
Simmons 1987 113 ARDS (+) daily and 

cumulative fluid 
balance, weight gain

↑Mortality

Schuller 1991 89 ALI/ARDS (+) fluid balance >1L 
over 36 hr

↑ duration MV, 
↑ ICU, hospital 

stay

Mitchell 1992 101 Critically ill 
(EVLW ~ 
7mL/kg)

RCT: restrictive vs. 
standard of care (PAC)

Restrictive: ↓
duration MV, ↓

ICU stay

Alsous 2000 36 Septic shock Failure to achieve (‐) 
>500 mL in 1 of 3 days

↑Mortality

Brandstrup 2003 172 Colorectal 
surgery

RCT: restrictive vs. 
standard of care

Restrictive: ↓
complications 

Sakr 2005 393 ALI/ARDS (+) cumulative fluid 
balance

↑Mortality

Uchino 2006 331 Critically ill (+) daily fluid balance ↑Mortality
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FLUID ACCUMULATION 
IN CRITICAL ILL 

CHILDREN

Sutherland et al AJKD: In Press

%FO ~ adj-OR 1.03 
(95% CI, 1.01-1.05)



Payen et al Crit Care 2008

Mean fluid balance (L/24hr) 
HR 1.21, 95%CI, 1.13-1.28, 

p<0.001

FLUID OVERLOAD AT 
RRT INITIATION

Bouchard et al KI 2009

Adj-OR death for fluid overload at 
RRT initiation 

2.07, 95%CI, 1.27-3.37
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THE AKI THERAPY 
REFLEX
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ABDOMINAL 
COMPARTMENT 

SYNDROME
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AKI DESPITE FLUID 
THERAPY

Characteristic AKI 
(n=29)

No AKI 
(n=228)

P

APACHE II score 19.2 17.2 0.10

MAP (mmHg) 66 72 0.004

CVP (mmHg) 10 5 0.008

Vasopressors (%) 57 36 0.04

Ventilated (%) 80 73 0.42

Fluid balance (L/d) 2.1 1.0 <0.001

Furosemide (%) 72 19 0.001

PaO2/FiO2 121 208 0.003
Van Biesen et al J Nephrol 2005
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FLUID THERAPY IS NOT 
BANAL AND CAN CAUSE 

HARM!



Bagshaw et al Crit Care 2009

Classic “rescue”
indications

“Expanded”
clinical criteria:
•Metabolic control
• Acid‐base control
• Volume homeostasis
• Non‐kidney organ 

dysfunction
• Time from injury
• Projection for 

recovery
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DRAWBACKS TO EARLY 
RRT

Unnecessarily exposed to risks of RRT

Extracorporeal circulation

Central venous catheter

In trial by Bouman et al (2002):

4 patients in late group ~ spontaneous recovery

2 patients in late group ~ died before RRT

No complications in early group

Bouman et al 2002
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OPTIMAL TIMING FOR 
RRT INITIATION IN ICU

Decision to initiate RRT ~ complex

Context‐specific – needs individualization

“Classic” indications alone not optimal

“Expanded” indications in critical illness:

Illness severity/organ dysfunction

Maintaining homeostasis

“Prevention” of complications

Needs evaluation in clinical trials
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YOUR ATTENTION!


