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Acute renal failureAcute renal failure

DefinitionDefinition
““ Abrupt failure of the kidneys to regulate water Abrupt failure of the kidneys to regulate water 

and electrolytes homeostasisand electrolytes homeostasis””

Incidence in ICUIncidence in ICU
Vary widely depending on the population Vary widely depending on the population 
studied and the definition usedstudied and the definition used



Incidence of ARFIncidence of ARF

30%30%
(VS 2%)(VS 2%)

3030--36%36%

3535--75%75%

MortalityMortality

4.5%4.5%PICU (prospective, n= 1047) PICU (prospective, n= 1047) 
PediatrPediatr CritCrit Care Med 2007Care Med 2007

88--30%30%NICU/PICU NICU/PICU 
Pediatr Nephro 2000, An Pediatr 2004

33--25%25%Adult ICUAdult ICU
Semin Respir Crit Care Med 2006

IncidenceIncidence



Revised Definition of ARFRevised Definition of ARF

1998  Acute renal failure study group1998  Acute renal failure study group
survey survey 598 doctors & nurses598 doctors & nurses

199 different definitions for ARF199 different definitions for ARF

2004 Acute Dialysis Quality Initiative Group    2004 Acute Dialysis Quality Initiative Group     
(ADQI workgroup)(ADQI workgroup)

““ Acute kidney injury (AKI)Acute kidney injury (AKI)””
3 grades of severity and 2 outcomes3 grades of severity and 2 outcomes



RIFLE CriteriaRIFLE Criteria

Need for renal replacement therapy > 3 mosEnd
stage

Complete loss of renal function > 4 wksLoss

<0.3 mL/kg/hr for 12 hrs
or anuria for 12 hrs

serum creatinine x 3
or decrease of GFR > 75%
or serum creatinine > 4mg/dL
when there was acute rise >
0.5 mg/dL

Failure

<0.5 mL/kg/hr for 12 hrsserum creatinine x 2
or decrease of GFR > 50%

Injury

< 0.5 mL/kg/hr for 6 hrsserum creatinine x 1.5
or decrease of GFR > 25%

Risk
UrineUrine OutputOutput CriteriaCriteriaGFRGFR criteriacriteriaRIFLERIFLE



Incidence of ARF in Incidence of ARF in 
King Chulalongkorn Memorial Hosp.King Chulalongkorn Memorial Hosp.

995563263225502550

15152261261225492549PICUPICU

CVVHCVVHPDPDnn



Incidence of ARF in Incidence of ARF in 
King Chulalongkorn Memorial Hosp.King Chulalongkorn Memorial Hosp.

No RRTHDCVVHPDn

10 (21)10 (21)22 (47)22 (47)9 (19)9 (19)6 (13)6 (13)4747

9 (21)14 (32)15 (35)5 (12)434325492549

25502550





Etiology of ARFEtiology of ARF
Presenting to nephro

Unifactorial
On admission
Causes
Immune-mediated renal 
injury (AGN, vasculitis, etc)
Other medical renal injury
Drugs
Obstructive uropathy
Tropical diseases

Presenting in ICU
Multifactorial
After admission
Causes
Shock
Sepsis
Postoperative
Posttraumatic
Chronic medical 
problems (malignancy, 
CHD, etc)



Acute renal failure

Renal 
perfusion

Tubular 
damage

Shock 
Hypoxia

IAH Inflammatory, 
vasoactive mediators

Drugs

AFR in ICUAFR in ICU



Consequences of ARFConsequences of ARF

ARF

Uremia Acidosis Volume 
overload

Inflammation 
Immunity

infection vasodilate

CHF lung

Shock

Anemia Neuro

IAH



CaseCase

8 yrs old boy8 yrs old boy
Blunt abdominal injury from car accidentBlunt abdominal injury from car accident
At hospitalAt hospital
BP BP วัดไมไดวัดไมได,, PR 140/min, RR 30/min, EPR 140/min, RR 30/min, E33VV44MM66

Distended abdomen, generalized tender and Distended abdomen, generalized tender and 
guardingguarding
Load NSS free flowLoad NSS free flow
Refer Refer BureerumBureerum HospitalHospital



At At BureerumBureerum HospitalHospital

BP 97/69 mmHg, PR 108/min, RR 28/minBP 97/69 mmHg, PR 108/min, RR 28/min
Rx:  Blood transfusion, resuscitate fluidRx:  Blood transfusion, resuscitate fluid

HctHct 31%    37%, BUN/Cr 12/0.8, urine OK31%    37%, BUN/Cr 12/0.8, urine OK

12 hours later, restless, RR 6012 hours later, restless, RR 60--70/min70/min
Rx:  On ETRx:  On ET--tube and exploretube and explore--laplap

HemoperitoniumHemoperitonium 1,100 1,100 mLmL
Tear liver 5 cm., dept 2 cm. Tear liver 5 cm., dept 2 cm. 
Renal contusion Renal contusion 



Post operation Post operation 

Hypoglycemia, Hypoglycemia, 
BP drop to 60/80 mmHg, no urineBP drop to 60/80 mmHg, no urine
TritrateTritrate dopamine, dopamine, dobutaminedobutamine maxmax
add adrenaline, hydrocortisoneadd adrenaline, hydrocortisone
RxRx-- TienamTienam + + cloxacillincloxacillin
Stabilized BP but no urineStabilized BP but no urine
BUN/ Cr BUN/ Cr 22/1.922/1.9
Na 137, K 4.1, Na 137, K 4.1, ClCl 105, HCO105, HCO33 19 mEq/L19 mEq/L



AssessAssess

Blunt abdominal injuryBlunt abdominal injury
Internal bleedingInternal bleeding shockshock
Renal contusionRenal contusion

Abrupt failure of kidney functionAbrupt failure of kidney function
–– Increased serum creatinine 0.8Increased serum creatinine 0.8 1.91.9
–– Decreased urine outputDecreased urine output anuriaanuria



RIFLE CriteriaRIFLE Criteria

Need for renal replacement therapy > 3 mosEnd
stage

Complete loss of renal function > 4 wksLoss

<0.3 mL/kg/hr for 12 hrs
or anuria for 12 hrs

serum creatinine x 3
or decrease of GFR > 75%
or serum creatinine > 4mg/dL
when there was acute rise >
0.5 mg/dL

Failure

<0.5 mL/kg/hr for 12 hrsserum creatinine x 2
or decrease of GFR > 50%

Injury

< 0.5 mL/kg/hr for 6 hrsserum creatinine x 1.5
or decrease of GFR > 25%

Risk
UrineUrine OutputOutput CriteriaCriteriaGFRGFR criteriacriteriaRIFLERIFLE



How to maintain kidney functionHow to maintain kidney function

Fluid therapyFluid therapy
PharmacologicPharmacologic
Avoid further damageAvoid further damage
Renal replacement therapyRenal replacement therapy



Fluid therapyFluid therapy

AimAim
Adequate volumeAdequate volume

deficitdeficit
maintenancemaintenance
concomitant lossconcomitant loss

Avoid volume overloadAvoid volume overload

Vital sign

Urine output

CVP

Inotropes

Vasoconstrictor



Fluid therapyFluid therapy--Type of fluidType of fluid

Crystalloid
– 1st choice for volume replacement
– Only 1/3 remain in IVS, 2/3 pass into tissue

Colloid
– Larger molecule- better retained in IVS
– Case with microcirculatory disturbance and 

increased capillary permeability
No evidence support the benefit of colloid

B Med J 1998 ,Cochrane Report 2004



PharmacologicPharmacologic

DiureticsDiuretics
–– FurosemideFurosemide
–– MannitolMannitol
VasoactiveVasoactive
–– DopamineDopamine
–– FenoldopamFenoldopam
Natriuretic peptidesNatriuretic peptides



FurosemideFurosemide

Loop diureticLoop diuretic
Early use may convert Early use may convert oliguricoliguric RF to  RF to  
non non oliguricoliguric RFRF
–– Flushes out Flushes out intratubularintratubular castscasts
–– Increases tubular flowIncreases tubular flow
May help in fluid managementMay help in fluid management
No evidence support the benefit inNo evidence support the benefit in
–– Incidence of ARF, need for RRT, mortalityIncidence of ARF, need for RRT, mortality

Mehta RL, et Mehta RL, et al.JAMAal.JAMA 2002, 2002, 
Uchino S, et Uchino S, et al.Crital.Crit Care Med 2004Care Med 2004



MannitolMannitol

Osmotic diuresisOsmotic diuresis
–– Flushes out Flushes out intratubularintratubular castscasts
–– Increases tubular flowIncreases tubular flow
Improve renal blood flowImprove renal blood flow
FreeFree--radical scavenger during reperfusion radical scavenger during reperfusion 
of kidneyof kidney
No prospective RCC study to supportNo prospective RCC study to support

GubernGubern JM, et al. Surgery 1988JM, et al. Surgery 1988
IpIp--Yam PC, et al. Yam PC, et al. AnesthAnesth AnalgAnalg 19941994



VasopressorVasopressor

Low dose dopamine (renal dose)Low dose dopamine (renal dose)
0.50.5--2 2 µµg/kg/ming/kg/min

Physiologic effectPhysiologic effect
VasodilateVasodilate -- increased renal blood flowincreased renal blood flow

-- increased GFRincreased GFR
NatriuresisNatriuresis -- increased Na excretionincreased Na excretion



Possible adverse effects of dopaminePossible adverse effects of dopamine

Blunting hypoxic responseBlunting hypoxic response
–– ventilatoryventilatory response to hypoxia, response to hypoxia, hypercarbiahypercarbia
Endocrine effectsEndocrine effects
–– prolactinprolactin, GH, LH, aggravate sick , GH, LH, aggravate sick euthyroideuthyroid
Immune suppressiveImmune suppressive
–– TT--lymphocyte proliferative responselymphocyte proliferative response
ArrhythmiasArrhythmias
–– incidence of atrial fibrillation after cardiac incidence of atrial fibrillation after cardiac SxSx



Low dose dopamineLow dose dopamine
Kellum JA, Decker JM. Crit Care Med 2001

MetaMeta--analysisanalysis 58 randomized trial on 58 randomized trial on ““low low 
dose dopamine for prevent and Rx acute dose dopamine for prevent and Rx acute 
renal failurerenal failure””

Outcomes
Mortality 4.7% vs 5.6% (RR 0.83, CI 0.4-1.8)
ARF 15.3% vs 19.5% (RR 0.79, CI 0.5-1.1)
Hemodialysis requirement (RR 0.89, CI 0.7-1.2)



Low dose dopamineLow dose dopamine
Bellomo et al. (ANICS) Lancet 2000

Multicenter RCT (23 ICU)
328 patients with SIR and early renal 
dysfunction (rising Cr, urine < 0.5ml/kg/hr, 4 hrs)
Dopamine 2 µg/kg/hr vs placebo

Outcome
No differences in peak BUN/Cr, urine/hr,
need for RRT, duration in ICU, mortality.
Not increase cardiac arrhythmia



Low dose dopamineLow dose dopamine
Friedrich et al. Ann Intern Med 2005

MetaMeta--analysisanalysis -- 61 studies (3,359 patients)61 studies (3,359 patients)
LowLow--dose dopaminedose dopamine (1(1--5 5 µµg/kg/ming/kg/min-- median 2.5)median 2.5)

ResultResult
Increased urine output, Increased urine output, CCrCCr, , on 1on 1st st dayday (not D(not D2,32,3))
No benefit on No benefit on -- requirement of RRTrequirement of RRT

-- mortality ratemortality rate
Not increased adverse effects (arrhythmia, MI)Not increased adverse effects (arrhythmia, MI)



FenoldopamFenoldopam

Selective dopamineSelective dopamine--11-- receptor agonistreceptor agonist
Animal studiesAnimal studies
–– Improve renal perfusionImprove renal perfusion
–– Preserve kidney functionPreserve kidney function
Study in 12 adults with traumaStudy in 12 adults with trauma
–– Increased renal perfusion, urine flow, Increased renal perfusion, urine flow, 

excretion of Na, Kexcretion of Na, K
Murphy MB, et al. N Eng J Med 2001



AnaritideAnaritide

Atrial natriuretic peptideAtrial natriuretic peptide
In animal studiesIn animal studies
–– Increase GFR, urine outputIncrease GFR, urine output
RCT 500 adults with ARFRCT 500 adults with ARF
–– Not improve Not improve ““dialysisdialysis--freefree”” survivalsurvival

AllgrenAllgren RL, et al. N Eng J Med 1997RL, et al. N Eng J Med 1997

RCT 61 patients after cardiac RCT 61 patients after cardiac SxSx
–– Decreased use of dialysisDecreased use of dialysis

Sward K, et al. Sward K, et al. CritCrit Care Med 2004Care Med 2004



How to maintain kidney functionHow to maintain kidney function

Fluid therapyFluid therapy
PharmacologicPharmacologic
Avoid further damageAvoid further damage
Renal replacement therapyRenal replacement therapy



Post Op day 2Post Op day 2

No urineNo urine
BilatBilat alveolar infiltrations on chest Xalveolar infiltrations on chest X--rayray
BP 120/70 mmHg, on adrenaline, BP 120/70 mmHg, on adrenaline, 
dopamine, dopamine, dobutaminedobutamine
BUN/Cr  57/4.2BUN/Cr  57/4.2
Na 143, K 3.8, Na 143, K 3.8, ClCl 106, HCO106, HCO33 1313



RIFLE CriteriaRIFLE Criteria

Need for renal replacement therapy > 3 mosEnd
stage

Complete loss of renal function > 4 wksLoss

<0.3 mL/kg/hr for 12 hrs
or anuria for 12 hrs

serum creatinine x 3
or decrease of GFR > 75%
or serum creatinine > 4mg/dL
when there was acute rise >
0.5 mg/dL

Failure

<0.5 mL/kg/hr for 12 hrsserum creatinine x 2
or decrease of GFR > 50%

Injury

< 0.5 mL/kg/hr for 6 hrsserum creatinine x 1.5
or decrease of GFR > 25%

Risk
UrineUrine OutputOutput CriteriaCriteriaGFRGFR criteriacriteriaRIFLERIFLE



What are the targets of RRT?What are the targets of RRT?

Qualitative and quantitative blood purificationQualitative and quantitative blood purification
Restoration and maintenance of homeostasisRestoration and maintenance of homeostasis
Avoidance of complications and good clinical Avoidance of complications and good clinical 
tolerancetolerance
Support of conditions favoring recovery of renal Support of conditions favoring recovery of renal 
functionfunction



Basic PrincipleBasic Principle

Solute removal across semiSolute removal across semi--permeable membranepermeable membrane

PDPD -- Peritoneal membranePeritoneal membrane

HDHD -- Hemodialysis membraneHemodialysis membrane

CRRT   CRRT   -- Hemofilter membraneHemofilter membrane



Renal replacement therapyRenal replacement therapy

Indication Indication 
Timing of initiation Timing of initiation 
Modality Modality 
Dose and adequacyDose and adequacy



Indication for RRT in ICUIndication for RRT in ICU
Renal Renal 
–– Uremia Uremia 
–– Overload of fluidsOverload of fluids
–– Electrolyte abnormalities : hyper K, Na abnormalitiesElectrolyte abnormalities : hyper K, Na abnormalities
–– AcidAcid--base : pH< 7.0base : pH< 7.0
–– Intoxication  Intoxication  

Non renal Non renal 
–– Allowing administration of fluid and nutritionAllowing administration of fluid and nutrition
–– HyperthermiaHyperthermia
–– Severe hemodynamic instability in sepsis?Severe hemodynamic instability in sepsis?
–– Elimination of inflammatory mediators in sepsis?Elimination of inflammatory mediators in sepsis?



Timing of initiationTiming of initiation

Current Opinion in Critical Care 2007, 13:656–661



Early initiation : Early initiation : 
-- better survival better survival 
-- may hasten renal recoverymay hasten renal recovery
-- should be considered in multiple organ failureshould be considered in multiple organ failure

Timing of initiationTiming of initiation

AchraAchra SumboonnanondaSumboonnanonda 20012001
N = 59N = 59
Number of organ dysfunctionNumber of organ dysfunction
Survivors   2.2 Survivors   2.2 ±± 1.61.6
Non survivors Non survivors 4 4 ±± 1.61.6



Modality Modality 

Clinical condition of patientClinical condition of patient
Available resourcesAvailable resources
Expertise of the physicianExpertise of the physician
Pros and Cons of each optionPros and Cons of each option



Dialysis modality : survey resultsDialysis modality : survey results

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

1995 1999 2003 2001 CU

CRRT
HD
PD

Warady BA. Pediatr Nephrol 2000
Ronco C. Nephrol Dial Transplant 2001 



ARFARF

Asymptomatic,Asymptomatic,
NonoliguricNonoliguric,,

Adequate nutritionAdequate nutrition

expectativeexpectative

(Non) (Non) oliguricoliguric,,
HemodynamicallyHemodynamically stable,stable,
LifeLife--threatening hyper Kthreatening hyper K

No high risk No high risk High risk bleedingHigh risk bleeding

CRRTCRRTCitrateCitrate--CRRTCRRTIHDIHD

Increasing uremiaIncreasing uremia unstableunstable Stable           Stable           

(Non) (Non) oliguricoliguric,,
HemodynamicallyHemodynamically unstableunstable

Algorithm for dialytic treatment in ARF



Recommendation of initial choiceRecommendation of initial choice

IHD, CVVHDIHD, CVVHDMarked hyperkalemiaMarked hyperkalemiaElectrolyte abnormalElectrolyte abnormal

HemoperfusionHemoperfusion, , 
IHD, CVVHDIHD, CVVHD

TheophyllineTheophylline, , 
barbituratesbarbiturates

Poisons Poisons 
CRRTCRRTBurns Burns Nutrition Nutrition 
CVVH, CVVHDFCVVH, CVVHDFSepsis, ARDSSepsis, ARDSShock Shock 
CVVH, CVVHDFCVVH, CVVHDFHepatorenalHepatorenal syndromesyndromeIncreased ICPIncreased ICP
CRRT, IHDCRRT, IHDComplicated ARFComplicated ARFUremia Uremia 
SCUF, CVVHSCUF, CVVHCardiogenicCardiogenic shockshockFluid removalFluid removal
IHD, PDIHD, PDDrug Drug nephrotoxicitynephrotoxicityUncomplicated ARFUncomplicated ARF

ModalityModalityClinical settingsClinical settingsIndication Indication 



Blood InBlood In

Blood OutBlood Out

to wasteto waste
(from patient)(from patient)

(to patient)to patient)

HIGH PRESSHIGH PRESSLOW  PRESSLOW  PRESS

ReplacementReplacement
SolutionSolution

CVVHCVVH
Continuous Continuous VenoVeno--Venous Venous HemofiltrationHemofiltration

(Convection)(Convection)



DialysateDialysate
SolutionSolution

Blood InBlood In

Blood OutBlood Out

to wasteto waste

(from patient)(from patient)

(to patient)(to patient)

HIGH CONCHIGH CONCLOW CONCLOW CONC

CVVHDCVVHD
Continuous Continuous VenoVeno--Venous HemodialysisVenous Hemodialysis

(Diffusion)(Diffusion)



ReplacementReplacement
SolutionSolution

DialysateDialysate
SolutionSolution

Blood InBlood In

Blood OutBlood Out

to wasteto waste

(from patient)(from patient)

(to patient)(to patient)

HIGH PRESSHIGH PRESSLOW  PRESSLOW  PRESS

HIGH CONCHIGH CONCLOW CONCLOW CONC

CVVHDFCVVHDF
Continuous Continuous VenoVeno--Venous Venous HemodiafiltrationHemodiafiltration

(Diffusion)(Diffusion)

(Convection)(Convection)





CRRT CircuitCRRT Circuit

Hemofilter Hemofilter 
Vascular access and blood lineVascular access and blood line
Blood pump and infusion pumpsBlood pump and infusion pumps
AnticoagulantAnticoagulant
Replacement fluid and dialysate fluidReplacement fluid and dialysate fluid



blood inblood in

blood out

dialysate
in

dialysate
out

Outside the Fiber (effluent)
Inside the Fiber (blood)

Cross Section
hollow fiber membrane

Hemofilter Hemofilter 



Hemofilter Hemofilter 

High flux, high performanceHigh flux, high performance
BiocompatibleBiocompatible
Size = body surface areaSize = body surface area

515173 ml73 ml1.2 m1.2 m22AquamaxAquamax HF12HF12

333354 ml54 ml0.7 m0.7 m22AquamaxAquamax HF07HF07

161632 ml32 ml0.3 m0.3 m22AquamaxAquamax HF03HF03

UFR
ml/h/mmHg

Priming volumeSurface area Hemofilter 



Vascular accessVascular access

Ideal : easy insertion, permits adequate Ideal : easy insertion, permits adequate 
BFR without vascular damage, minimal BFR without vascular damage, minimal 
technical flaws (kinking, high recirculation technical flaws (kinking, high recirculation 
rate)rate)
Shorter and larger cathetersShorter and larger catheters
Minimum 30 to 50 ml/min to minimize Minimum 30 to 50 ml/min to minimize 
access and filter clottingaccess and filter clotting



Match catheter size to patient size and Match catheter size to patient size and 
anatomical siteanatomical site
DualDual-- or tripleor triple--lumen lumen uncuffeduncuffed catheterscatheters
SitesSites
–– femoralfemoral
–– internal jugularinternal jugular
–– avoid subclavian vein if possibleavoid subclavian vein if possible

Vascular accessVascular access



Internal jugular v.Internal jugular v.
Femoral veinFemoral vein

Dual lumen 7 FrDual lumen 7 Fr33--6 kg6 kg

Internal jugular v.Internal jugular v.
Femoral veinFemoral vein

Dual lumen 10 FrDual lumen 10 Fr>30 kg>30 kg

Internal jugular v.Internal jugular v.
Femoral veinFemoral vein

Dual lumen 9 FrDual lumen 9 Fr1515--30 kg30 kg

Internal jugular v.Internal jugular v.
Femoral veinFemoral vein

Dual lumen 8 FrDual lumen 8 Fr66--15 kg15 kg

Femoral veinFemoral veinSingle lumen 5 FrSingle lumen 5 Fr
Dual lumen 7 FrDual lumen 7 Fr

NewbornNewborn

Site of insertionSite of insertionCatheter sizeCatheter sizePatient sizePatient size

Vascular accessVascular access



Blood lineBlood line

888888adultadult> 30 kg> 30 kg

664848pediatricpediatric< 30 kg< 30 kg

Internal diameterInternal diameter
(mm)(mm)

Internal Internal 
Volume (ml)Volume (ml)

Type Type Patient Patient 
sizesize

Manual : Blood line   (Blood line   (KawasumiKawasumiRR))


