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Renal Function Testing in Critical CareRenal Function Testing in Critical Care
•• IntroductionIntroduction
•• Acute Renal FailureAcute Renal Failure

•• Implications in critical careImplications in critical care
•• Defining acute renal failureDefining acute renal failure

•• Laboratory assessment of acute renal Laboratory assessment of acute renal 
failurefailure

•• CreatinineCreatinine and and creatininecreatinine--based based 
assessmentassessment

•• CystatinCystatin CC
•• Urine markers of renal injuryUrine markers of renal injury



Why Measure Renal Function?Why Measure Renal Function?

•• Screening/ Disease DetectionScreening/ Disease Detection

•• Disease or Medical Condition MonitoringDisease or Medical Condition Monitoring

•• Determining Need for Renal Determining Need for Renal 
Replacement TherapyReplacement Therapy

•• Drug Dosage AdjustmentDrug Dosage Adjustment



Laboratory Measurement for Clinical Laboratory Measurement for Clinical 
Kidney DiseaseKidney Disease

What do we measure?

•• Estimation of GFREstimation of GFR
•• Assessment of Assessment of ProteinuriaProteinuria or other urine or other urine 

markers of renal injurymarkers of renal injury
•• Functional assessment of renal function Functional assessment of renal function 

(e.g. Fractional excretion of sodium)(e.g. Fractional excretion of sodium)
•• Urine volumeUrine volume



Acute Renal FailureAcute Renal Failure

•• Characterized by deterioration of renal Characterized by deterioration of renal 
function over a period of hrs to days.function over a period of hrs to days.

•• Wide spectrum of associated conditionsWide spectrum of associated conditions
•• Mortality rate hasnMortality rate hasn’’t decreased t decreased 

significantly over the past 50 yrs.significantly over the past 50 yrs.
•• Mortality Mortality 

•• 2424--100% in postoperative renal failure100% in postoperative renal failure
•• 5050--70% in intensive care who require 70% in intensive care who require 

dialysisdialysis
•• Acute renal injury is a continuum.Acute renal injury is a continuum.



Beginning and Supportive Therapy for Beginning and Supportive Therapy for 
the Kidney (BEST) Studythe Kidney (BEST) Study

•• Prospective Prospective multicentermulticenter observational study of observational study of 
29,269 critically ill ICU patients29,269 critically ill ICU patients

•• ARF defined as ARF defined as oliguriaoliguria and/or BUN > 84mg/dl and/or BUN > 84mg/dl 
(>30mmol/L)(>30mmol/L)

•• Incidence of ARF = 5.7%;  2/3 required dialysisIncidence of ARF = 5.7%;  2/3 required dialysis
•• Septic shock most common contributing Septic shock most common contributing 

factorfactor
•• 30% had pre30% had pre--existing renal dysfunctionexisting renal dysfunction
•• Overall mortality associated with ARF = 60.3%Overall mortality associated with ARF = 60.3%

JAMA 294:813;2005JAMA 294:813;2005



Limitations in Effective Therapy of Patients Limitations in Effective Therapy of Patients 
with Acute Renal Failurewith Acute Renal Failure

•• Prevention and dialysis Prevention and dialysis 
•• Barriers:Barriers:

•• Patient and disease heterogeneityPatient and disease heterogeneity
•• Risk factor adjustmentRisk factor adjustment
•• Early diagnosisEarly diagnosis
•• Quantification of ARF severityQuantification of ARF severity
•• Inability to evaluate early responseInability to evaluate early response

•• Need:  Rapid diagnostic tests (for Need:  Rapid diagnostic tests (for 
therapeutic studies as well as clinical care)therapeutic studies as well as clinical care)



Acute Renal FailureAcute Renal Failure
DefinitionsDefinitions

•• An abrupt decrease in renal function An abrupt decrease in renal function 
sufficient enough to result in retention of sufficient enough to result in retention of 
nitrogenous waste and disrupt fluid and nitrogenous waste and disrupt fluid and 
electrolyte homeostasis.electrolyte homeostasis.

•• Increase in Increase in creatininecreatinine ≥≥ 0.5 mg/dl within 48 0.5 mg/dl within 48 
hours of inciting eventhours of inciting event

•• 50% increase to at least 50% increase to at least SCrSCr of 2.0 mg/dlof 2.0 mg/dl
•• OthersOthers……..



Stage Description GFR
(ml/min/1.73m2)

1 Kidney damage with
normal or ↑ GFR ≥90

2 Kidney damage with
mild ↓ GFR 60-89

3 Moderate ↓ GFR 30-59

4 Severe ↓ GFR 15-29

5 Kidney failure <15
(or dialysis)

Defining Stages of Chronic Renal Disease

K/DOQI Clinical Practice Guidelines on Chronic Kidney Disease



BellomoBellomo et al et al CritCrit Care 8:R204; 2004Care 8:R204; 2004

RIFLE



Impact of RIFLE criteria on Patient OutcomeImpact of RIFLE criteria on Patient Outcome

•• 5,383 intensive care unit patients5,383 intensive care unit patients
•• 67% developed acute renal injury67% developed acute renal injury
•• Maximum RIFLE classification:Maximum RIFLE classification:

•• R  12%R  12% Mortality: 8.8%Mortality: 8.8%
•• I    27%I    27% Mortality: 11.4%Mortality: 11.4%
•• F   28%F   28% Mortality 26.3%Mortality 26.3%

•• More than 50% progressed from More than 50% progressed from ‘‘RR’’ to to ‘‘II’’ or or 
‘‘FF’’

•• ProgressorsProgressors had worse outcomes than had worse outcomes than 
nonnon--progressorsprogressors HosteHoste et al. Critical Care 10:R73, 2006et al. Critical Care 10:R73, 2006



Assessment of GFRAssessment of GFR

• Inulin Clearance
• Isotopic Clearance

• 125I-iothalamate 51Cr-EDTA 99mTc-DTPA

• Nonisotopic Clearance
• Iohexol Iothalamate

• Creatinine
• Creatinine Clearance
• Prediction equations
• Cystatin C 



Pitfalls in Measurement of Pitfalls in Measurement of 
GFR in ARFGFR in ARF

•• Insensitivity of Insensitivity of creatininecreatinine to changes to changes 
in GFR in GFR 

•• Equilibration time for Equilibration time for creatininecreatinine
•• Dependent on volume of Dependent on volume of 

distributiondistribution
•• Dependent on production rateDependent on production rate
•• Tubular secretion of Tubular secretion of creatininecreatinine
•• Dependence on muscle mass Dependence on muscle mass 

(equations only roughly adjust for (equations only roughly adjust for 
this)this)
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Assessing Renal FunctionAssessing Renal Function
Limitations of Limitations of CreatinineCreatinine

•• Insensitive to early changes in GFRInsensitive to early changes in GFR
•• Affected significantly by muscle Affected significantly by muscle 

massmass
•• Does not accurately reflect GFR in Does not accurately reflect GFR in 

nonsteadynonsteady conditionsconditions
•• Analytical interferencesAnalytical interferences
•• Additional factors can affect Additional factors can affect 

production rates (e.g. trauma, production rates (e.g. trauma, 
steroids, liver disease, etc)steroids, liver disease, etc)



Estimating GFREstimating GFR

•• CockcroftCockcroft--GaultGault EquationEquation

•• MDRD equationMDRD equation
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Clinical Situations in Which Clearance Measures 
May be Necessary to Estimate GFR

• Extremes of age and body size
• Severe malnutrition or obesity
• Disease of skeletal muscle
• Paraplegia or quadraplegia
• Prolonged fasting or non-protein nutrition
• Rapidly changing kidney function
• Prior to dosing drugs with significant 

toxicity that are excreted by the kidneys
• Evaluation of potential kidney donors
• Evaluation of patients receiving maintenance 

corticosteroids
• When precise measure of GFR > 60 ml/min 

is required



Estimating GFR Rapidly and AccuratelyEstimating GFR Rapidly and Accurately

•• Preexisting renal disease is a known risk Preexisting renal disease is a known risk 
factor for worsening renal functionfactor for worsening renal function

•• Extent of decline in GFR correlates with Extent of decline in GFR correlates with 
appearance of appearance of oliguriaoliguria

•• Those with most impaired Those with most impaired hemodynamicshemodynamics
have the least longhave the least long--term potential for term potential for 
recovery of renal functionrecovery of renal function

•• Current estimates of GFR are limited to Current estimates of GFR are limited to 
detecting GFR < 60 ml/mindetecting GFR < 60 ml/min

•• Estimates of GFR have large confidence Estimates of GFR have large confidence 
intervalsintervals



When is rapid assessment of renal When is rapid assessment of renal 
function important in critical carefunction important in critical care

•• Emergency angiography (coronary or Emergency angiography (coronary or 
otherwise)otherwise)

•• Emergency dosing of drugs with Emergency dosing of drugs with 
narrow therapeutic windownarrow therapeutic window

•• Severe CHF or volume overload Severe CHF or volume overload 
conditioncondition

•• Severe Severe hyperkalemiahyperkalemia



Importance of harmonization between Importance of harmonization between 
POCT and central laboratoryPOCT and central laboratory

•• GFR is inversely related to serum GFR is inversely related to serum 
creatininecreatinine

•• Therefore, differences in Therefore, differences in creatininecreatinine at the at the 
‘‘lowlow’’ end will affect estimated GFR to a end will affect estimated GFR to a 
greater extent than greater extent than creatininecreatinine differences differences 
at the at the ‘‘highhigh’’ end.end.

•• CreatCreat = 1.3;  GFR = 60 ml/min/SA= 1.3;  GFR = 60 ml/min/SA
•• CreatCreat = 1.6;  GFR = 47 ml/min/SA= 1.6;  GFR = 47 ml/min/SA
•• CreatCreat = 3.9;  GFR = 17 ml/min/SA= 3.9;  GFR = 17 ml/min/SA
•• CreatCreat = 4.2;  GFR = 15 ml/min/SA= 4.2;  GFR = 15 ml/min/SA



MulticenterMulticenter study of wholestudy of whole--blood blood creatininecreatinine, , 
total carbon dioxide content, and chemistry total carbon dioxide content, and chemistry 

profiling for laboratory and pointprofiling for laboratory and point--ofof--care care 
testing in critical care in the United Statestesting in critical care in the United States

KostKost et al. et al. CritCrit Care Med, 2000Care Med, 2000

•• 4 Medical Centers in U.S.4 Medical Centers in U.S.
•• 710 critically ill patients710 critically ill patients
•• POCT in ER and ORPOCT in ER and OR
•• CreatinineCreatinine measured in whole blood using measured in whole blood using 

creatininecreatinine substratesubstrate--specific electrode specific electrode 
(enzymatic)(enzymatic)



MulticenterMulticenter study of wholestudy of whole--blood blood creatininecreatinine, , 
total carbon dioxide content, and chemistry total carbon dioxide content, and chemistry 

profiling for laboratory and pointprofiling for laboratory and point--ofof--care care 
testing in critical care in the United Statestesting in critical care in the United States

KostKost et al. et al. CritCrit Care Med, 2000Care Med, 2000

•• CreatinineCreatinine method comparison:method comparison:
•• Slope = 0.91 Slope = 0.91 -- 1.22; y1.22; y--intercept = intercept = --0.07 0.07 --

0.15; r0.15; r22 = 0.77 = 0.77 –– 1.001.00
•• POCT Performance:POCT Performance:

•• As performed by ER or As performed by ER or OROR personnelpersonnel
•• Slope = 0.97 Slope = 0.97 –– 0.98; y0.98; y--intercept = 0.01 intercept = 0.01 --

0.03; r0.03; r22 = 0.98 = 0.98 –– 1.001.00



Comparability of POC wholeComparability of POC whole--blood blood 
electrolyte and substrate testing using a electrolyte and substrate testing using a 
Stat Profile Critical Care Stat Profile Critical Care XpressXpress analyzer analyzer 

and standard laboratory methodsand standard laboratory methods
FlegarFlegar--MestricMestric; ; ClinClin ChemChem Lab Med 44:898; 2006Lab Med 44:898; 2006

•• 70 patients in intensive care unit70 patients in intensive care unit
•• Whole blood arterial and venous serum Whole blood arterial and venous serum 

samplessamples
•• Comparison with central laboratory analyzerComparison with central laboratory analyzer
•• Imprecision (CV%) was <5.7% for all Imprecision (CV%) was <5.7% for all analytesanalytes

except except creatininecreatinine (CV = 13.8% (low) and = 9.5% (CV = 13.8% (low) and = 9.5% 
(high))(high))

•• Comparison: y = 1.032x + 3.598 (r=0.956)Comparison: y = 1.032x + 3.598 (r=0.956)



Evaluation of the iEvaluation of the i--STAT Portable Clinical STAT Portable Clinical 
Analyzer for POCT in the intensive care Analyzer for POCT in the intensive care 
units of a university childrenunits of a university children’’s hospitals hospital
PapadeaPapadea et al. Ann et al. Ann ClinClin Lab Lab SciSci. 32:231; 2002. 32:231; 2002

•• Neonatal and pediatric intensive care unitsNeonatal and pediatric intensive care units
•• Comparison with Comparison with VitrosVitros 750 chemistry analyzer750 chemistry analyzer
•• Reproducibility Reproducibility ‘‘satisfactorysatisfactory’’ for for creatininecreatinine (CV < 6.5%)(CV < 6.5%)
•• Linearity and method comparison Linearity and method comparison ““clinically clinically 

acceptableacceptable””
•• After the PCA was implemented for clinical testing; After the PCA was implemented for clinical testing; 

several discrepant results of several discrepant results of creatininecreatinine concentrations concentrations 
in neonatal blood samples that would have affected in neonatal blood samples that would have affected 
clinical management led to a second clinical management led to a second creatininecreatinine
comparison and eventual discontinuation of the PCA comparison and eventual discontinuation of the PCA 
creatininecreatinine assay.assay.



POCT in an organ procurement POCT in an organ procurement 
organization donor management settingorganization donor management setting

BaierBaier et al. et al. ClinClin TranplantTranplant 17:48; 200317:48; 2003

•• Compared iCompared i--STAT with donor hospital STAT with donor hospital 
lablab

•• 15 consecutive donors15 consecutive donors
•• r = 0.95 for r = 0.95 for creatininecreatinine
•• More efficient fluid management of More efficient fluid management of 

donorsdonors
•• Savings of $733 per caseSavings of $733 per case



POCT POCT CreatinineCreatinine

•• POCT whole blood (iPOCT whole blood (i--STAT) STAT) vsvs central central 
lab serum testing for radiologylab serum testing for radiology

•• Studies Studies 
• Precision
• Linearity
• Method Comparison
• Particular emphasis on 1.5-2.0 mg/dL level

•• Results neededResults needed
• Cr within 0.2 mg/dL of central lab Cr



POCT POCT CreatinineCreatinine

• Precision
• Low (0.7 mg/dL) CV=7.3%
• Medium (2.0 mg/dL) CV=3.1%
• High (4.7 mg/dL) CV=2.7%

• Linearity
• Measure/Expected = 94% 

(range 0.4 – 15 mg/dL)



POCT POCT CreatinineCreatinine
Method ComparisonMethod Comparison

•• Target sample population:Target sample population:
•• Mirror the Mirror the ““at riskat risk”” group for group for 

contrastcontrast--induced nephropathyinduced nephropathy
•• 20 patients > 70 years old20 patients > 70 years old
•• 20 patients with diabetes mellitus20 patients with diabetes mellitus
•• 20 patients with renal 20 patients with renal 

insufficiency/failureinsufficiency/failure



POCT POCT CreatinineCreatinine
Method ComparisonMethod Comparison

•• Actual population studiedActual population studied
••14 patients > 70 years old14 patients > 70 years old
••13 patients with diabetes13 patients with diabetes
••18 patients with renal 18 patients with renal 
insufficiency/failureinsufficiency/failure



ii--STAT STAT CreatinineCreatinine
Method ComparisonMethod Comparison

Regression Analysis

y = 1.0723x + 0.0875
R2 = 0.9419
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POCT POCT CreatinineCreatinine
Method ComparisonMethod Comparison

Bias Chart
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POCT POCT CreatinineCreatinine StudyStudy

•• How many patients are 1.5How many patients are 1.5--2.0 on i2.0 on i--
STAT, but normal by CCLSTAT, but normal by CCL

•• 6/21 (28.6%)6/21 (28.6%)
•• Potential for deferring contrast Potential for deferring contrast 

unnecessarily or over estimating unnecessarily or over estimating 
need for preventative interventionneed for preventative intervention



POCT POCT CreatinineCreatinine

•• How many will the radiologist defer for How many will the radiologist defer for 
>2.0 mg/>2.0 mg/dLdL Cr on iCr on i--STAT where the CCL STAT where the CCL 
measurement will be <2.0measurement will be <2.0

•• 4/9 (44.4%)4/9 (44.4%)
•• Need to compare against current Need to compare against current 

radiologist deferral rate for lack of radiologist deferral rate for lack of 
creatininecreatinine resultsresults



POCT POCT CreatinineCreatinine

•• How many samples >2.0 by CCL were How many samples >2.0 by CCL were 
>2.0 by i>2.0 by i--STATSTAT

•• 15/15 (100%)15/15 (100%)
•• Clearly at risk patients are being Clearly at risk patients are being 

properly identifiedproperly identified



Cystatin C Structure
Cystatin C



CystatinCystatin C StructureC Structure

•• 13 13 kdkd nonnon--glycosylatedglycosylated basic proteinbasic protein
•• 120 amino acids120 amino acids
•• IsoelectricIsoelectric point 9.3point 9.3
•• CystatinCystatin C gene on chromosome 20C gene on chromosome 20
•• Housekeeping type geneHousekeeping type gene
•• A point mutation has been described: A point mutation has been described: 

causes a hereditary form of causes a hereditary form of amyloidamyloid
angiopathyangiopathy..



Cystatin C
Distribution

•• Ubiquitous Ubiquitous -- Present in all investigated Present in all investigated 
body fluidsbody fluids

•• High concentrations in CSF and seminal High concentrations in CSF and seminal 
fluidfluid

•• In blood plasma, contributes only a few In blood plasma, contributes only a few 
percent of total percent of total cysteinecysteine protease inhibitory protease inhibitory 
capacity.capacity.



Cystatin C 
Renal Handling

• Freely filtered
• Metabolized by proximal tubule
• No tubular secretion



Cystatin C
Measurement MethodologiesMeasurement Methodologies

• RIA
• Enzyme immunoassay
• Immunoturbidity (Dako)

• Particle-enhanced immunoassay (PETIA)

• Nephelometry (Dade-Behring)
• Particle-enhanced nephelometric

immunoassay (PENIA)



Cystatin C 
Clinical Utility

•• Multiple comparison studiesMultiple comparison studies
•• Parameters compared: Correlation, Parameters compared: Correlation, 

ROC, SensitivityROC, Sensitivity
•• Most cross sectional studiesMost cross sectional studies
•• Nearly all show Nearly all show CystatinCystatin C equal to or C equal to or 

better than serum better than serum creatininecreatinine



CystatinCystatin C in Critical CareC in Critical Care
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Hergat-Rosenthal et al. Kid Int 66:1115-1122, 2004



Renal Failure: Differentiating Renal Failure: Differentiating 
Acute from ChronicAcute from Chronic

•• CarbamylatedCarbamylated hemoglobinhemoglobin
•• CarbamylationCarbamylation of the terminal of the terminal valinevaline of of 

HbHb occurs in direct relationship to occurs in direct relationship to 
duration and magnitude of decrease in duration and magnitude of decrease in 
GFRGFR

•• <80 <80 ugug carbamycarbamy valinevaline/gram /gram HbHb:  96% :  96% 
sensitivity and 84% specificity for sensitivity and 84% specificity for 
differentiating acute from chronic renal differentiating acute from chronic renal 
failurefailure

WynckelWynckel et al. et al. NephNeph Dial Trans 15:1183;2000Dial Trans 15:1183;2000



Assessment of Renal Function Assessment of Renal Function 
beyond GFRbeyond GFR



Fractional Excretion of SodiumFractional Excretion of Sodium
FEFENaNa

•• FEFENaNa = ((= ((UUNaNa X X PPCrCr)/(P)/(PNaNa X X UUCrCr)) X 100)) X 100
•• Useful only in setting of Useful only in setting of oliguriaoliguria (U/O < 400 (U/O < 400 

ml/24 hr or < 20 ml/hr)ml/24 hr or < 20 ml/hr)

•• FENaFENa < 1% < 1% ⇒⇒ prepre--renal renal azotemiaazotemia (80% (80% 
specificity) specificity) 

•• FENaFENa > 1% > 1% ⇒⇒ acute tubular necrosis or acute tubular necrosis or 
intrinsic renal diseaseintrinsic renal disease

•• Exceptions:Exceptions:
•• Diuretic useDiuretic use
•• PrePre--existing chronic renal diseaseexisting chronic renal disease



Traditional Biologic Markers for Traditional Biologic Markers for 
Early Detection of ARFEarly Detection of ARF

Biomarker Nephron segment

LMwt Proteins
B2-microglobulin
Retinol binding protein
alpha-1 microglobulin

Proximal tubule

HMwt Proteins
Albumin
Transferrin
Immunoglobulin

Glomerulus

Brush border antigens
Adenosine deaminase binding protein

Carbonic anhydrase
Proximal tubule

Urinary enzymes
Neutral endopeptidase
Alanine aminotransferase
Gamma-glutamyltransferase
N-acetyl-B-D-glucosamine
B-glucosidase

Proximal tubule

Others
Tamm-Horsfall glycoprotein Distal tubule

Adapted from Han and Bonventre Curr Opin Crit Care 10:476;2004



New Biologic Markers for New Biologic Markers for 
Early Detection of ARFEarly Detection of ARF

Biomarker Associated Injury

KIM-1 Ischemic ATN; nephrotoxins

NGAL Ischemic ATN; nephrotoxins

NHE3 Ischemic ATN; prerenal and post renal

Cytokines
(IL-6, IL-8, IL-18)

AKI; delayed graft function

Actin Ischemic ATN; delayed graft function

Cystatin C Proximal tubule injury

Adapted from Han and Bonventre Curr Opin Crit Care 10:476;2004



NN--acetylacetyl--ββ--glucosaminidaseglucosaminidase (NAG)(NAG)

•• Enzyme located in brush borders of Enzyme located in brush borders of 
nephronnephron

•• Most studies suggest levels are not Most studies suggest levels are not 
sensitive or specific enough to sensitive or specific enough to 
warrant routine usewarrant routine use



NeutrophilNeutrophil GelatinaseGelatinase--Associated Associated 
LipocalinLipocalin (NGAL) (1)(NGAL) (1)

•• Gene expression Gene expression upregulatedupregulated >10X early >10X early 
after ischemic renal injury (mouse)after ischemic renal injury (mouse)

•• Protease resistantProtease resistant
•• 2525--kD protein covalently bound to kD protein covalently bound to 

gelatinasegelatinase from human from human neutrophilsneutrophils
•• Located in proliferating cell nuclear Located in proliferating cell nuclear 

antigenantigen--positive proximal tubule cells positive proximal tubule cells 
(?(?endosomesendosomes))

Mishra et al. J Am Soc Neph 14: 2534; 2003



NeutrophilNeutrophil GelatinaseGelatinase--Associated Associated 
LipocalinLipocalin (NGAL)  (2)(NGAL)  (2)

•• Readily detected in first urine output after Readily detected in first urine output after 
ischemia in both mouse and rat models of ischemia in both mouse and rat models of 
ARFARF

•• Rate of appearance precedes other Rate of appearance precedes other 
markers (Nmarkers (N--acetylacetyl--BB--DD--glucosmainidaseglucosmainidase
and B2and B2--microglobulin)microglobulin)

•• May represent an early, sensitive May represent an early, sensitive 
noninvasive urinary biomarker of ischemic noninvasive urinary biomarker of ischemic 
and and nephrotoxicnephrotoxic renal injury renal injury 

Mishra et al. J Am Soc Neph 14: 2534; 2003



Kidney Injury MoleculeKidney Injury Molecule--11
(KIM(KIM--1)1)

•• Adhesion molecule involved in renal Adhesion molecule involved in renal 
regenerationregeneration

•• UpregulatedUpregulated 2424--48 hr after initial 48 hr after initial 
insult (rat model of ischemia)insult (rat model of ischemia)

•• Detectable in kidney biopsy and urine Detectable in kidney biopsy and urine 
of patients with ischemic ATNof patients with ischemic ATN



Urine Na/H exchanger isoform 3 Urine Na/H exchanger isoform 3 
(NHE3)(NHE3)

•• Is the most abundant apical sodium Is the most abundant apical sodium 
transporter in the renal tubule transporter in the renal tubule 

•• Localized in the apical membrane of renal Localized in the apical membrane of renal 
proximal tubular and thick ascending limb proximal tubular and thick ascending limb 
cells.cells.

•• Is not detected in the urine of normal Is not detected in the urine of normal 
individuals.individuals.



Urine Na/H exchanger isoform 3 Urine Na/H exchanger isoform 3 
(NHE3) cont(NHE3) cont’’dd

•• Detected in membrane fractions from Detected in membrane fractions from 
patients with patients with prerenalprerenal azotemiaazotemia, , postrenalpostrenal
ARF and ATN.ARF and ATN.

•• Not seen in other intrinsic causes of AKI Not seen in other intrinsic causes of AKI 
such as transplant rejection, primary GN, such as transplant rejection, primary GN, 
interstitial and inflammatory nephritis.interstitial and inflammatory nephritis.

•• Levels are much higher in patients with Levels are much higher in patients with 
severe AKI severe AKI –– no overlap between no overlap between prerenalprerenal
azotemiaazotemia and ATN groups, therefore may and ATN groups, therefore may 
be useful in differentiating be useful in differentiating prerenalprerenal
azotemiaazotemia from other causes of AKI.from other causes of AKI.



Urinary cytokinesUrinary cytokines

•• Inflammation plays an important role in the Inflammation plays an important role in the 
pathophysiologypathophysiology of AKI associated with of AKI associated with 
ischemia, sepsis, and many ischemia, sepsis, and many nephrotoxicantsnephrotoxicants..

•• AKI is associated with increased production of AKI is associated with increased production of 
proinflammatoryproinflammatory and antiand anti--inflammatory inflammatory 
cytokines.cytokines.

•• ILIL--6 is a predominant cytokine in the kidney 6 is a predominant cytokine in the kidney 
(26(26--kDa glycoprotein).kDa glycoprotein).



Urinary cytokines contUrinary cytokines cont’’dd

•• ILIL--6: early marker for acute renal allograft 6: early marker for acute renal allograft 
rejection and might predict sustained ATN rejection and might predict sustained ATN 
after renal transplantation.after renal transplantation.

•• ILIL--8: 88: 8--kDa kDa chemokinechemokine whose production is whose production is 
implicated in various implicated in various glomerularglomerular diseases and diseases and 
acute acute pyelonephritispyelonephritis..

•• ILIL--18: significantly increased in ischemic ATN 18: significantly increased in ischemic ATN 
and increases within 24 hours after kidney and increases within 24 hours after kidney 
transplantation in patients with delayed transplantation in patients with delayed 
allograft dysfunction.allograft dysfunction.



Urinary Urinary actinactin

•• ActinActin is the most abundant cellular is the most abundant cellular 
cytoskeletalcytoskeletal protein.protein.

•• Damage to the Damage to the actinactin cytoskeleton has cytoskeleton has 
been identified in various animal and been identified in various animal and 
tissue culture conditions after ischemia or tissue culture conditions after ischemia or 
ATP depletion.ATP depletion.

•• ActinActin is elevated after transplantation in is elevated after transplantation in 
those individuals destined to develop those individuals destined to develop 
sustained renal failure and may reflect sustained renal failure and may reflect 
overall cellular damage in the kidney.overall cellular damage in the kidney.



Urinary glutathioneUrinary glutathione--SS--transferasestransferases
((GSTsGSTs))

•• Soluble Soluble cytosoliccytosolic enzymes in the proximal enzymes in the proximal 
tubule (tubule (αα subtype) and distal tubule (subtype) and distal tubule (ππ
subtype).subtype).

•• Participate in detoxifying many compounds. Participate in detoxifying many compounds. 
•• Presence in the urine has been measured in Presence in the urine has been measured in 

different forms of renal injury.different forms of renal injury.

•• Renal transplant patients Renal transplant patients ------ ππ GST in acute GST in acute 
rejection; rejection; αα GST in CSA toxicity.  Transplant GST in CSA toxicity.  Transplant 
ATN had elevations in both ATN had elevations in both isoformsisoforms..

•• Increases occur 1 to 2 days before Increases occur 1 to 2 days before sCrsCr
increased.increased.



What is needed?What is needed?

•• Identify biomarkers that distinguish Identify biomarkers that distinguish 
ATN from other causes of ARFATN from other causes of ARF

•• Develop early or Develop early or ‘‘realreal--timetime’’ markers markers 
of acute renal dysfunctionof acute renal dysfunction

•• Apply electronic or other means to Apply electronic or other means to 
notify clinicians of modest decreases notify clinicians of modest decreases 
in renal function (increases in in renal function (increases in 
creatininecreatinine) to encourage early ) to encourage early 
evaluationevaluation



SummarySummary
•• Acute renal failure is common in critical Acute renal failure is common in critical 

care situations and is associated with care situations and is associated with 
significant morbidity and mortalitysignificant morbidity and mortality

•• The RIFLE Classification provides The RIFLE Classification provides 
standardization for acute renal failurestandardization for acute renal failure

•• Early detection of acute renal failure or Early detection of acute renal failure or 
acute renal injury is desirableacute renal injury is desirable

•• CreatinineCreatinine remains the mainstay for remains the mainstay for 
detecting acute renal failuredetecting acute renal failure

•• There are several potential new markers of There are several potential new markers of 
renal injury that are in need of rigorous renal injury that are in need of rigorous 
clinical validationclinical validation



Thank youThank you



Prediction of ARF by Prediction of ARF by ““bedside bedside 
formulaformula”” in medical and surgical in medical and surgical 

intensive care patientsintensive care patients
CoritsidisCoritsidis et al; Renal Failure; 22:235; 2000et al; Renal Failure; 22:235; 2000

•• Prospective study of 115 consecutive Prospective study of 115 consecutive 
medical ICU patients and 123 patients in medical ICU patients and 123 patients in 
surgical ICU surgical ICU 

•• EmpericEmperic formula using serum albumin, formula using serum albumin, 
urine urine osmolalityosmolality and presence of sepsis and presence of sepsis 

•• ‘‘Bedside formulaBedside formula’’ was more accurate than was more accurate than 
APACHE II in predicting ARF in medical APACHE II in predicting ARF in medical 
but not surgical ICU.but not surgical ICU.
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