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Introduction

ÅAcute kidney injury (AKI), previously termed as acute renal failure (ARF), is 
characterized by the rapid and sustained reduction of glomerular filtration rate 
(GFR) resulting in the retention of nitrogenous (creatinine and urea) and non-
nitrogenous metabolic waste products and dysregulationof body fluid volume 
status, electrolyte and acid-base homeostasis



Classification systems

ÅRIFLE (Risk, Injury, Failure, Loss, ESRD) classification :2004 by the Acute Dialysis 
Quality Initiative workgroup

ÅModified RIFLE (AKIN) classification :ARF replaced by AKI by the Acute Kidney 
Injury Network (AKIN) in 2007in an attempt to include the entire spectrum of 
acute renal dysfunction

BagshawSM et al. Can J Anaesth. 2010;57(11):985-998

BagshawSM et al. NephrolDial Transplant. 2008;23(4):1203-1210

BellomoR et al. CritCare 2004;8(4):R204-R212

Ricci Z et al. Kidney Int. 2008;73(5):538-546





Definition according to guidelines

ÅThe recent Kidney Disease : Improving Global Outcomes (KDIGO) guidelines has 
defined AKI by any one of the following _

(1). an increase of serum creatinine by more than 0.3mg/dLwithin 48 

hours,

(2). an increase of serum creatinine to 1.5 times of baseline within 

the prior 7 days, or

(3). an urine volume of less than 0.5ml/kg/h for 6 hours

KDIGO Clinical Practice Guideline for Acute Kidney Injury. Kid Int Supp. 2012;2:124-138



Management of AKI 

in 

critically ill patients



ÅThe mainstay of treatment for AKI is renal replacement therapy (RRT)

ÅPaucity of data to guide the optimal timing of initiation of RRT and suitable mode 
of therapy



Indications and timing of RRT for AKI

ÅThe only absolute indications for RRT in critically ill patients with AKI are 
metabolic acidosis, hypervolemia, and hyperkalemia not responding to other 
forms of therapy

ÅIn theory, the early initiation of renal replacement might be beneficial; however 
data guiding the optimal timing of dialysis in patients with AKI are scarce

ÅTill date, only 3 RCTs have addressed this issue; others in form of case-control or 
observational studies

SugaharaS et al. HemodialInt. 2004;8(4):320-325

BoumanCSC et al. CritCare Med. 2002;30(10):2205-2211



Recommended relative and absolute indications for RRT in critically ill patients     
with AKI _ GibneyN et al. Clinical Journal of the American Society of Nephrology, Vol.3, no.3, pp.876-880, 2008



Study Methodology Results Conclusion

SugaharaS et al. 
HemodialInt 2004

Å Smallstudy oncomparative survival 
between early and late dialysis

Å 14 patients received dialysis therapy 
when urine volume decreasedto 
<30mL/h and another 14 patients 
received dialysis when urine volume 
decreased to <20mL/h for 14 days 
following coronary bypass graft 
surgery

Å 12 of 14 patients who 
received early dialysis
survived whereas only 2 
of 14 patients in the late-
dialysis group survived 
(p<0.01)

Å Early dialysis may help 
improve the survival of 
patients with acute renal 
failure following cardiac 
surgery

ÅLarge reduction in mortality among patients with an earlier initiation (RR, 0.17; 95% CI, 0.05-0.61)
ÅSeveral markers of poor quality
Å5ŜŦƛƴƛǘƛƻƴǎ ƻŦ ΨŜŀǊƭȅΩ ŀƴŘ ΨƭŀǘŜΩ ƛƴƛǘƛŀǘƛƻƴ ƻŦ Řƛŀƭȅǎƛǎ ǳǎŜŘ ǿŜǊŜ ǳƴǳǎǳŀƭ ŀƴŘ ƛƳǇǊŀŎǘƛŎŀƭ



Study Methodology Results Conclusion

BoumanCSC et al. 
CritCare Med 2002

Å 2 center RCT
Å Total 106 ventilated severely ill 

patients who were oliguric
despite massive fluid 
resuscitation, inotropic support, 
and high-dose IV diuretics were 
randomized into 3 groups :35 
patients were treated with early 
high-volume hemofiltration (72-
96L/24 hours), 35 patients with 
early low-volume hemofiltration 
(24-36L/24 hours), and 36 
patients with late low-volume 
hemofiltration (24-36L/24 hours

Å On average, hemofiltration 
started 7 hrsafter inclusion in 
the early groups and 42 hrs
after inclusion in the late group

ÅΨ9ŀǊƭȅ ŘƛŀƭȅǎƛǎΩ ǿŀǎ ǎǘŀǊǘŜŘ ŀŦǘŜǊ 
6 hours of urine output 
<30mL/h

Å Median ultrafiltrate rate was 48.2 (42.3-
58.7) mL/kg/h in earlyhigh-volume 
hemofiltration, 20.1 (17.5-22.0) mL/kg/h 
in early low-volume hemofiltration, and 
19.0 (16.6-21.1) mL/kg/h in late low-
volume hemofiltration

Å 28-day survival was 74.3% in early high-
volume hemofiltration, 68.8% in early 
low-volume hemofiltration, and 75.0% in 
late low-volume hemofiltration (p=0.80)

Å Median duration of renal failure in 
hospital survivors was 4.3 (1.4-7.8) days 
in early high-volume hemofiltration, 3.2 
(2.4-5.4) days in early low-volume 
hemofiltration, and 5.6 (3.1-8.5) days in 
late low-volume hemofiltration (p=0.25)

Å All hospital survivors had recovery of 
renal function at hospital discharge, 
except for 1 patient in the early low-
volume hemofiltration group

Å 28-day survival 
andrecovery of 
renal function did 
not improve using 
high ultrafiltrate
volumes or early 
initiation of 
hemofiltration



Å Multicenter observational study of AKI
Å Out of total 243 patients who required dialysis for severe AKI, 122 patients belonged to 
ǘƘŜ ƭƻǿ ŘŜƎǊŜŜ ƻŦ ŀȊƻǘŜƳƛŀ ƎǊƻǳǇ ό.¦bҖтсƳƎκdL) and 121 patients to the high degree of 
azotemia group (BUN>76mg/dL)

Å The RR for death that was associated with initiation of dialysis at a higher BUN was 1.85 
(95% CI, 1.16-2.96)

Å wƛǎƪ ƻŦ ŘŜŀǘƘ ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭƻǿŜǊ ŀƳƻƴƎ ǇŀǘƛŜƴǘǎ ǎǘŀǊǘƛƴƎ ww¢ ǿƛǘƘ .¦b ƭŜǾŜƭǎ Җ 
76mg/dL(adjusted hazard ratio, 0.54; 95% CI, 0.34-0.86)

PICARD (Program to Improve Care in Acute Renal Disease) Study 
ClinJ Am SocNephrol. 2006;1(5):915-919



Å3 meta-analyses concluded that earlier institution of CRRT or IHD in critically ill 
patients might be associated with a survival benefit

KarvellasCJ et al. CritCare 2011;15:R72

SeabraVF et al. Am J Kidney Dis. 2008;52:272-84

Wang X et al. RenFail. 2012;34:396-402



RenFail. 2012;34:396-402

ÅStudy selection : RCTs, prospective or retrospective studies comparing mortality 
ŀƴŘ ƻǘƘŜǊ ŎƭƛƴƛŎŀƭ ƻǳǘŎƻƳŜǎ ƻŦ άŜŀǊƭȅέ ŀƴŘ άƭŀǘŜέ ww¢ǎ ƻŦ ǇŀǘƛŜƴǘǎ ǿƛǘƘ !YL

Å15 studies (3 RCTs, 2 prospective and 10 retrospective comparative cohort 
studies) were finally included



Results of the meta-analysis



Baseline characteristics of the studies



Main characteristics of the studies 



ÅThe statistic p for heterogeneity is < 0.00001

ÅhǾŜǊŀƭƭ ттнκмрмп ǇŀǘƛŜƴǘǎ όрм҈ύ ŘƛŜŘ ƛƴ ǘƘŜ άŜŀǊƭȅέ ww¢ ƎǊƻǳǇ ŎƻƳǇŀǊŜŘ ǿƛǘƘ 
уосκмппм όру҈ύ ƛƴ ǘƘŜ άƭŀǘŜέ ww¢ ƎǊƻǳǇ

ÅThe pooled RR was 0.71 (95% CI, 0.59-0.86) indicating a statistically significant 
ōŜƴŜŦƛŎƛŀƭ ŜŦŦŜŎǘ ƻŦ άŜŀǊƭȅέ ww¢ ƻƴ ƳƻǊǘŀƭƛǘȅΤ ƘƻǿŜǾŜǊΣ ƛƴǘŜǊƴŀƭ ƘŜǘŜǊƻƎŜƴŜƛǘȅ 
existed



RR of mortality for the individual studies and pooled analysis



RR of mortality in subgroup patients



Critical Care 2013, 17:R62

Å Retrospective analysis of a prospective cohort of consecutive critically ill adult patients (>18 
years) undergoing RRT

Å Diagnosis and severity of AKI was defined by the AKIN classification system, using the worst 
criteria (SCrincrement or reduced UO)

Å Reference SCrwas the lowest achieved during hospital stay before RRT start
Å Patients initiating RRT < 24 hours after reaching AKIN stage 3 were included in the early RRT 

group and those after 24 hours in the late RRT group
Å Total 358 critically ill patients were submitted to RRT; only 150 patients with pure AKI stage 3 

were analyzed
Å Mortality was lower in the early RRT group (51.5 vs77.9%, p=0.001) with lesser duration of 

mechanical ventilation, time on RRT, and lesser ICU length of stay



Factors influencing the decision to start RRT



Modes of RRT

ÅCurrent modalities of RRT for AKI include : 

(1). conventional IHD

(2). continuous RRT

(3). hybrid treatments (prolonged intermittent RRT)

(4). high volume peritoneal dialysis

ÅNo single mode is ideal for all patients with AKI

ÅAll have their own advantages and disadvantages



!ōƻǳǘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƳƻŘŜǎ ƻŦ ww¢ΧΦΦ

ÅIntermittent hemodialysis (IHD) : performed using venovenousaccess for a few 
hours at variable intervals, typically 4 hours, 3-4 times per week

ÅSustained low efficiency dialysis (SLED) or extended daily dialysis : 
submodalitiesof IHD in which the duration of dialysis is extended (6-12 hours), 
allowing for more gradual removal of solutes and fluid

ÅContinuous renal replacement therapy (CRRT) : performed continuously 
(approximately 24 hours per day) through arteriovenousor venovenousvascular 
access, using much slower blood flow rates as compared with IHD, and is typically 
only delivered in an intensive care setting



!ōƻǳǘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƳƻŘŜǎ ƻŦ ww¢ΧΦΦ

ÅPeritoneal dialysis (PD) : 

üFirst modality of RRT used for AKI patients

üIts practice declined after the advent of hemodialysis

üStill frequently used in developing countries because of its lower cost and

minimal infrastructural requirements



Modalities of continuous renal replacement therapy (CRRT)

PannuN et al. JAMA 2008;299(7):793-805



Facts about CRRT

ÅProvides slower solute clearance per unit of time compared with intermittent 
therapies, however over 24 hours, the total clearance may exceed that provided 
by IHD, especially for larger solutes such as cytokines 

ÅRequires continuous anticoagulation, thereby creating the potential for bleeding

ÅContinuously exposed to an extracorporeal circuit, which might lead to depletion 
of nutrients, subtherapeuticlevels of antimicrobial agents, or infection



Literature

Å3 systematic reviews and meta-analyses concluded that there is no evidence that 
any single modality of RRT is associated with improved outcomes of patients with 
AKI

BagshawSM et al. CritCare Med. 2008;36:610-7

PannuN et al. JAMA 2008;299:793-805

Rabindranath K et al. Cochrane Database SystRev. 2007:CD003773



ü Study selection : RCTs and prospective cohort studies studying dialyticsupport in adults 
with acute renal failure that reported the incidence of clinical outcomes such as mortality, 
length of stay, need for chronic dialysis, development of hypotension, or filter failure and 
bleeding complications for anticoagulant comparison 

ü 173 articles retrieved; 30 RCTs and 8 prospective cohort studies were eligible

PannuN et al. JAMA 2008;299(7):793-805



Results of the meta-analysis



Characteristics of populations in included studies



Characteristics of populations in included studies



Characteristics of dialyticsupport in included studies



Characteristics of dialyticsupport in included studies



Characteristics of dialyticsupport in included studies



CRRT vsIHD

ÅThe RR of death (latest follow-up from each trial considered) due to CRRT was 
nonsignificantcompared with IHD (RR 1.10; 95% CI, 0.99-1.23, I2= 0%); results 
were similar for both ICU and in-hospital mortality

Data from prospective cohort studies were generally consistent with those from    
trials

ÅAvailable RCTs did not suggest that dialyticmodality influenced the frequency 
with which chronic dialysis treatment (implying ESRD) was required in survivors 
(RR for CRRT vsIHD, 0.91; 95% CI, 0.56-1.49, I2=0% [5 trials, 308 participants])

ÅData from 4 RCTs (643 participants) were inconclusive as to the effect of dialytic
modality on hospital length of stay



CRRT vsIHD

Å4 trials (274 participants) measured MAP at various points; in 3 RCTs with no 
heterogeneity (I2=0%), the pooled change in MAP from baseline was no different 
in patients treated with CRRT or IHD (mean decrease in MAP, 2.5 mmHg smaller 
with CRRT; 95% CI, 1.0 greater to 6.0 smaller)

ÅThe pooled risk of hypotension did not significantly differ between treatments 
(RR of hypotension with CRRT, 0.87; 95% CI, 0.68-1.12, I2=0% [2 trials, 389 
participants])



CRRT vsIHD

ÅTo summarize the results, data from 9 RCTs suggest no difference in survival 
between CRRT and IHD, while data from a subset of these RCTs suggest no 
significant difference in the frequency with which chronic dialysis treatment was 
required in survivors or in the incidence of hypotension



Techniques for IHD and CRRT

Å1 trial compared hemodiafiltrationwith hemofiltration in 206 participants treated 
with CRRT and found a significant reduction in 28-days mortality favouring
hemodiafiltrationover hemofiltration (RR, 0.63; 95% CI, 0.48-0.82) [however, 
participants in the hemodiafiltrationgroup received a substantially higher dose of 
RRT]

SaudanP et al. Kidney Int. 2006;70(7):1312-1317

ÅIn a sensitivity analysis, the pooled results for overall mortality in trials in which 
the CRRT group used hemodiafiltrationexclusively (RR, 1.07; 95% CI, 0.85-1.35; I2

=62% [3 trials, 650 participants]) did not differ from the findings of the main 
analysis 



SLED vsOther DialyticTechniques

Å2 RCTs compared SLED (6-11h/d;6-7d/wk) with a continuous modality 
(continuous venovenoushemofiltration or hemodialysis) with respect to the 
surrogate outcomes of hemodynamic stability and uremic clearance

ÅNo statistically significant differences were found (however, statistical power was 
low)

Am J Kidney Dis. 2004;43(2):342-349

Int J Artif Organs 2004;27(5):371-379



Pooled effects from RCTs of various interventions on mortality



Pooled effects from RCTs of various interventions on  
chronic dialysis dependence in survivors



Pooled effects from RCTs of various interventions on the composite 
outcome of chronic dialysis dependence or mortality



CVVH vsSLED

Schwengeret al. Critical Care 2012; 16:R140

Å SLED-BD was associated with reduced nursing time and lower costs compared to CVVH at 
similar outcomes

ÅWith limited health care resources, SLED-BD offers an alternative for the treatment of AKI in 
ICU patients


