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Objectives

1. Review recent clinical practice guideline statements for 
when to start RRT in AKI

2. Review accumulated evidence evaluating timing of  
RRT in critically ill patients AKI

3. Review recent randomized trials on optimal timing of  
RRT in AKI (AKIKI, ELAIN and STARRT-AKI)



Wald et al AJKD 2014; Hsu et al JASN 2013

Temporal trends for increased RRT utilization for critically ill patients with AKI



Parsons et al Lancet 1961



“Classic” or “Conventional” Indications for Starting RRT

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



Bagshaw et al J Crit Care 2011
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Indication to Start RRT

Start of  RRT: 

76.9% RIFLE - F

So called “classic” 

indications are relatively 

less common triggers

n=234



• 5.1.1: Initiate RRT emergently when life-threatening changes in 
fluid, electrolyte, and acid-base balance exist. (Not Graded)

• 5.1.2: Consider the broader clinical context, the presence of  
conditions that can be modified with RRT, and trends of  
laboratory tests—rather than single BUN and creatinine 
thresholds alone—when making the decision to start RRT. (Not 
Graded)

KDIGO CPG for AKI_KI (suppl) 2012



Earlier Start to RRT in AKI

Benefits

• Azotemic control

• Electrolyte/acid-base homeostasis

• Fluid balance homeostasis

• Prevent complications of  AKI

• Immunomodulation?

Risks

• CVC insertion

• Extracorporeal circuit

• Anticoagulation

• Micronutrient depletion

• Added bedside resources

• Impaired/disrupted recovery*

Balance of  decision to start based on indications and perception of  whether of  there 

will be greater benefit relative to potential harm



• Decision to start is largely subjective based 

on the spectrum of  clinical information and 

provider bias:
• Providers start when confronted with “life-

threatening” complications

• Wide variation in the “minimum” severity of  

indications prompting start of  RRT

• Many factors modify the decision: age, 

comorbidity, responsiveness to a diuretic 

challenge, illness severity (predicted mortality), 

prescribing service, time of  day, day of  week





• “Our conclusion based on this 
evidence synthesis [36 studies – 7 
randomized controlled trials] is that 
“early” initiation of  RRT 
[however defined] in critical illness 
complicated by AKI does not 
improve survival or confer 
reductions in ICU or hospital 
LOS.”

Wierstra et al Crit Care 2016





Clinical Dilemma To Be Addressed

• The optimal timing of  RRT initiation in critically ill patients 
with AKI is uncertain

• No consensus to guide clinical practice on this issue

• Wide variability in the timing of  RRT initiation in this 
population

• This is an important knowledge gap in the support of  critically 
ill patients with AKI



Gaudry et al NEJM 2016

•HYPOTHESIS: 
• A strategy of  delayed RRT initiation would confer greater 

survival benefit when compared to a strategy of  early RRT 
initiation among critically ill patients with severe AKI (KDIGO 
stage 3)



Gaudry et al NEJM 2016

• DESIGN: Multi-centre, unblinded, parallel group, randomized trial

• POPULATION: 620 critically ill patients with AKI (KDIGO stage 3) with 
no absolute indication and supported with mechanical ventilation and/or 
vasoactive therapy

• INTERVENTIONS (STRATEGIES):
• EARLY = RRT within 6 hr of  fulfilling KDIGO stage 3 AKI (98% at 4.3 hr)

• DELAYED = RRT in response to clinical criteria & complications (51% at 57 hr)

RRT delivery not protocolized and prescribed according to French guidelines 
(only criteria for starting)

(initial IHD in 55% ~ similar in both groups) 

• PRIMARY ENDPOINT: Mortality at 60-days



Survival at 60-days RRT-free at 28-days

Mortality at 60-days: 48.5% vs. 49.7% (p=0.79)

Separation of  ~ 57 hr (25-83) for starting RRT

49% of  DELAYED group did not receive RRT (and ↓ CRBSI rate)

Gaudry et al NEJM 2016



DELAYED RRT 

CRITERIA

Key triggers for RRT 

initiation were:

oliguria ≥ 72 hr, and 

serum urea ≥ 40 mmol/L

Gaudry et al NEJM 2016



Did a protocol-

mandated delay in 

starting RRT 

contribute to 

undesirable events?

Gaudry et al NEJM 2016



Gaudry et al NEJM 2016

DELAYED >> EARLY: accumulated metabolic complications 

and were exposed to interventions to manage AKI complications

Was there an association between these complications and the 

observed deleterious outcome of receiving RRT? 



Gaudry et al NEJM 2016

• DELAYED >> EARLY: 

• ↑ CKD (12% vs. 7%, p=0.02)

• ↑ bleeding complications

• ↑ RRT sessions among survivors

• Death modified by acuity + RRT:
• Early: 48.5%

• Delayed – NO RRT: 37.1%

• Delayed – RRT: 61.8%



• DESIGN: Single-centre, unblinded, parallel group, randomized clinical trial

• POPULATION: 231 critically ill patients with AKI (KDIGO stage 2) + 
pNGAL > 150 ng/mL + one of  (sepsis; vasoactives; refractory FO; worsening 
SOFA)

• INTERVENTIONS (stratified by SOFA + oliguria):
• EARLY = RRT within 8 hr of  KDIGO stage 2

• DELAYED = RRT within 12 hr of  KDIGO stage 3

• PRIMARY ENDPOINT: Mortality at 90-days

Zarbock et al JAMA 2015



Mortality at 90-days:

EARLY 39.3% 

vs

DELAYED 53.6%

(ARR -15.4%)

(HR 0.66, 0.45-0.97)

Zarbock et al JAMA 2015



•EARLY >> DELAYED RRT contributed to:

•↓ RRT duration (9 d vs. 25 d; -18 days; p=0.04)

•↑ kidney recovery (53.6% vs. 38.7%, +14.9%, p=0.02), but 

not after excluding deaths through 90 days (p=0.62)

•↓ MV duration (125 hr vs. 181 hr; -60 hr; p=0.002)

•No difference in ICU stay

•↓ hospital stay (among survivors to 90-days) (51 vs. 82 d; -

37 days; p<0.01)

Zarbock et al JAMA 2015



Zarbock et al JAMA 2015



ELAIN: Additional Considerations….

• POPULATION: mostly surgical (46.7% cardiac surgical)

• ELIGIBILITY: NGAL > 150 excluded only 3/604 patients

• DELAYED: Nearly all worsened ~ only 9.2% did not receive RRT

• DELAYED: “absolute indication” in only 15.1%

• PRIMARY OUTCOME: Observed effect implausibly large and 

“likely inflated” as suggested by the authors (Fragility Index 3)

Zarbock et al JAMA 2015



STARRT-AKI Research Program

•The over-arching question proposed is: 

Does accelerated (or pre-emptive) initiation of  
RRT in critically ill patients with AKI, as 

compared to a conservative strategy to initiating 
RRT, reduce 90-day all-cause mortality and non-

recovery of  kidney function?



STARRT-AKI Pilot

• Multi-center, randomized, unblinded, 

pilot trial (n=100)

• 12 CCCTG-affiliated sites in Canada

• ICU patients with AKI and multi-

organ support 

• Feasibility of recruitment, protocol 

implementation and 90-day follow-up 

proven

Wald et al KI 2015



RRT Timing + Outcomes
Accelerated RRT

(n=48)

Standard 

RRT

(n=52)

Received RRT within 14 d (%) 48 (100) 33 (63)

Died or started RRT within 14 d (%) 48 (100) 39 (75)

Time from eligibility to RRT (mean), hr 9.7 ± 12.0 51.6 ± 52.0

Time from eligibility to RRT, (median), hr 7.4 (6.1-9.6) 31.6 (22.8-59.5)

90-Day mortality, (n, %) 18 (38) 19 (37)

RRT-dependent at 90-Days (n, %) 0 (0) 2 (6)

ICU stay among survivors, days 11 (8-29.5) 13.5 (8-32)

Hospital stay among survivors, days 29 (20-49) 31 (20-51)

Wald et al KI 2015



KDIGO Stage 2 AKI + no urgent indication + equipoise

Concealed Random Block Allocation Stratified by Center

Accelerated RRT initiation
Start RRT no more than 12 hr after 

becoming eligible

Standard RRT initiation
RRT permitted upon ≥ 1 of  following: 

K≥ 6.0 mmol/L

pH ≤7.20 or HCO3 ≤12 mmol/L

PaO2/FiO2 ≤ 200 or perception of  clinically 

significant FO

Persistent AKI for > 72 hr

RRT continued in both arms until death, withdrawal of  

care or evidence of  kidney recovery

All aspects of  prescribed RRT (i.e., 

modality, dose, anticoagulation) will 

follow current best practice 

guidelines and local standards of  care



STARRT-AKI Trial Status (NCT02568722)

• Active Sites: 38 across 6 countries (another ~40 anticipated)
• Canada, Australia, New Zealand, Finland, Ireland, United States

• Randomized: 260 (target 2,866 ~ 9.1% target)

• Anticipated completion: 2019

Follow us on Twitter @AkiStarrt



Conclusions

• The issue of  who, when and under what circumstance to ideally 
start RRT for critically ill patients with AKI (in the absence of  
life threatening complications) an important evidence care gap

• AKIKI/ELAIN have been major contributions towards 
improved understanding on this controversial issue ~ and has 
suggested that “waiting” may be an acceptable strategy

• Additional randomized trials are needed to harmonized AKIKI 
findings with other discordant trials



Thank You For Your Attention
Questions?

Follow us on Twitter @AkiStarrt

Website: https://www.ualberta.ca/critical-care/research/current-research/starrtaki

bagshaw@ualberta.ca

Acknowledgements
Ron Wald (co-PI) Alistar Nichol Orla Smith Martin Gallagher

Neill Adhikari Eric Hoste Marlies Ostermann Michael Joannidis

Ville Pettila Du Bin Paul Palevsky Didier Dreyfuss

Matt Weir Rinaldo Bellomo Shay McGuinness Kathleen Liu

F. Lamontagne Nikita Chavda Braden Manns Magdalena Zaporowska

George Institute AHRC CCCTG ANZICS CTG

Judith Hall Jane Holman

http://www.universityhospitalfoundation.ab.ca/Page.aspx?pid=326
http://www.universityhospitalfoundation.ab.ca/Page.aspx?pid=326
https://www.ualberta.ca/critical-care/research/current-research/starrtaki
mailto:bagshaw@ualberta.ca

