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Renal Artery Renal Artery StenosisStenosis
Prevalence (approximations)Prevalence (approximations)

PrevalencePrevalence

General populationGeneral population 0.1%0.1%

Hypertensive populationHypertensive population 4.0%4.0%

HTN & suspected CADHTN & suspected CAD 10 10 -- 20%20%

Cath Cath patients with HTN (>50% patients with HTN (>50% stensten.).)30 (15)%30 (15)%

Known severe 3VDKnown severe 3VD 20 20 -- 30%30%

Malignant HTNMalignant HTN 20 20 -- 30%30%

Malignant HTN & renal insufficiencyMalignant HTN & renal insufficiency 30 30 -- 40%40%

Jean WJ, et al.  Jean WJ, et al.  Cathet Cardiovasc Diagn Cathet Cardiovasc Diagn 1994;32:81994;32:8--10.10.

Harding MB, et al.  J Am Soc Harding MB, et al.  J Am Soc Neph Neph 1992;2:16081992;2:1608--1616.1616.

WeberWeber--Mzell Mzell D ,et al.D ,et al.Eur Eur Heart J 2002;23:1684Heart J 2002;23:1684--91.91.

IncreIncreasing frequency as population agesasing frequency as population ages



Renal Artery Renal Artery StenosisStenosis
Natural Natural HxHx

•• Lesions tend to progress with time, Lesions tend to progress with time, 
sometimes to occlusionsometimes to occlusion

Rimmer JM, Gennari FJ. Ann Int Med 1993;118:712.

•• Can  lead to renal insufficiency/failure Can  lead to renal insufficiency/failure 



Renal Artery Renal Artery StenosisStenosis
PathophysiologyPathophysiology

RAAS system activationRAAS system activation

……leads to HTN and  leads to HTN and  
ischemic nephropathyischemic nephropathy



Clinical Clues to Suggest Diagnosis Clinical Clues to Suggest Diagnosis 
of Renal Artery Stenosisof Renal Artery Stenosis

ll HTNHTN……
-- Difficult to controlDifficult to control
-- Onset >55 y.o.Onset >55 y.o.
-- Sudden worsening of previously wellSudden worsening of previously well--controlled controlled 

HTNHTN
-- Associated with Associated with ““flash pulmonary edemaflash pulmonary edema”” or other or other 

cardiac disturbance syndromescardiac disturbance syndromes
ll Renal dysfunction or kidney failure, especiallyRenal dysfunction or kidney failure, especially with with 

introduction of ACEintroduction of ACE inhibitorinhibitor
ll Small kidney or discrepancy in kidney sizesSmall kidney or discrepancy in kidney sizes
ll Atherosclerosis elsewhereAtherosclerosis elsewhere
ll Epigastric Epigastric bruitbruit



�� Onset of hypertension at 30 years of age or severe hypertensionOnset of hypertension at 30 years of age or severe hypertensionat 55 years of age* (Class at 55 years of age* (Class 
I; LOE B)I; LOE B)

�� Accelerated, resistant, or malignant hypertension* (Class I: LOAccelerated, resistant, or malignant hypertension* (Class I: LOE C)E C)

�� Unexplained atrophic kidney or size discrepancy 1.5 cm betweenUnexplained atrophic kidney or size discrepancy 1.5 cm between

kidneyskidneys†† (Class I; LOE B)(Class I; LOE B)

�� Sudden, unexplained pulmonary edema (Class I; LOE B)Sudden, unexplained pulmonary edema (Class I; LOE B)

�� Unexplained renal dysfunction, including individuals starting rUnexplained renal dysfunction, including individuals starting renalenal

replacement therapy (Class replacement therapy (Class IIaIIa; LOE B); LOE B)

�� Development of new Development of new azotemia azotemia or worsening renal function afteror worsening renal function after

administration of an ACE inhibitor or ARB agent (Class I; LOE B)administration of an ACE inhibitor or ARB agent (Class I; LOE B)

�� Multivessel Multivessel coronary artery disease or peripheral arterial disease (Classcoronary artery disease or peripheral arterial disease (Class

IIbIIb; LOE B); LOE B)

�� Unexplained congestive heart failure or refractory angina (ClasUnexplained congestive heart failure or refractory angina (Class s IIbIIb; LOE C); LOE C)

Recommendations for RAS Screening Recommendations for RAS Screening 
AHA/ACC GuidelinesAHA/ACC Guidelines

Hirsch AT. Circ 2006; 113:e463Hirsch AT. Circ 2006; 113:e463

White et al. Circulation 2006;114;1892White et al. Circulation 2006;114;1892--18951895



Could this be RAS?Could this be RAS?
NonNon--invasive Imaging studies to orderinvasive Imaging studies to order

ll Duplex US (DUS)Duplex US (DUS)

ll CTACTA

ll MRAMRA

ll Angiogram Angiogram 

•• independentlyindependently

•• at time of at time of cath cath or peripheralor peripheral runoff runoff 
angioangio, as defined by guidelines, as defined by guidelines



The Clinical Spectrum of ARASThe Clinical Spectrum of ARAS
General criteriaGeneral criteria to consider treatmentto consider treatment

Asymptomatic
“Incidental RAS”

Renovascular Hypertension

Accelerated CV Disease
Congestive Heart failure
Stroke

“Ischemic Nephropathy”

Classification
(AHA Renal Intervention Writing Group)

Grade 1: ARAS without HTN, stable renal 
function

Grade 2: ARAS with controlled HTN and 
stable renal function

Grade 3:Grade 3: ARAS with potential clinical ARAS with potential clinical 
consequences (i.e., renal consequences (i.e., renal dysdys --
function, refractory HTN, volume             function, refractory HTN, volume             
overload)overload)



Garovic, V. D. et al. Circulation 2005;112:1362-1374

Renovascular Renovascular HypertensionHypertension
Effective medical treatment of Effective medical treatment of pressor mechspressor mechs. . 

X XX

X

X X

••ACE Inhibitor ACE Inhibitor 
••ARBARB
••CaCa ch. blockch. block
••VVasodilatorsasodilators
••DiureticsDiuretics
••Beta blockadeBeta blockade



Renal Renal Stenting Stenting and HTNand HTN

•• Evidence exists that Evidence exists that stenting stenting is effective/perhaps is effective/perhaps 

superior to Med Rx for BP control.superior to Med Rx for BP control. Need more Need more 

evidence!evidence!

•• PredictorsPredictors of positive responseof positive response only partially defined:only partially defined:

severity of HTN, degree of severity of HTN, degree of stenosisstenosis, , translesional translesional 

gradientgradient

•• Early signals that other measures may be relevant Early signals that other measures may be relevant 

predictors (BNP,predictors (BNP, FFR, RRI).  Of these, RRI is most FFR, RRI).  Of these, RRI is most 

used but is controversial.used but is controversial.



Delta slope of Delta slope of 
1/Screat before and 1/Screat before and 
after renal artery after renal artery 
stent deployment stent deployment 
(N=25)(N=25)

Watson et al; Circulation 2000;102:1671

Stenting Stenting Effect on Renal FunctionEffect on Renal Function



RenalRenal Stenting Stenting effect on renal function effect on renal function 

•• ImprovementImprovement ~25%~25%

•• No changeNo change ~50%~50%

•• DeteriorationDeterioration ~25%~25%

CurrentlyCurrently impossible toimpossible to predict response!predict response!



Renal ArteryRenal Artery
StentingStenting vs. Medical Therapy vs. Medical Therapy 

# Randomized Trials:# Randomized Trials:



Opinion of Public PolicyOpinion of Public Policy--makersmakers

“Available evidence does not clearly support one 
treatment approach over another for atherosclerotic
renal artery stenosis.”

Balk et al.
Ann Intern Med.2006;145:901-912



JACC Dec ‘05

• Uncontrolled Hypertension
• Progressive Renal Dysfunction 

and Ischemic Nephropathy
• CHF and USAP



RenalRenal Stenting Stenting for HTNfor HTN
Specific IndicationsSpecific Indications -- 2006 ACC/AHA Guidelines2006 ACC/AHA Guidelines

Hemodynamically Hemodynamically significant RAS and significant RAS and 
accelerated HTN, resistant HTN, accelerated HTN, resistant HTN, 
malignant HTN, HTN with unexplained malignant HTN, HTN with unexplained 
unilateral small kidney, and HTN with unilateral small kidney, and HTN with 
intolerance to medicationintolerance to medication

(Class(Class IIaIIa; LEVEL OF EVIDENCE B); LEVEL OF EVIDENCE B)

e.g. difficult to control one.g. difficult to control on >>3 medications in 3 medications in 
good dosesgood doses



RenalRenal Stenting Stenting for Renal Preservationfor Renal Preservation
Specific IndicationsSpecific Indications -- 2006 ACC/AHA Guidelines2006 ACC/AHA Guidelines

•• RAS with progressive Chronic kidney RAS with progressive Chronic kidney 

disease with bilateral RAS or RAS to disease with bilateral RAS or RAS to 

solitary functioning kidneysolitary functioning kidney

(Class(Class IIaIIa; LEVEL OF EVIDENCE B); LEVEL OF EVIDENCE B)

•• RAS and chronic renal insufficiency with  RAS and chronic renal insufficiency with  

unilateral RASunilateral RAS

(Class(Class IIbIIb; LEVEL OF EVIDENCE C); LEVEL OF EVIDENCE C)



RAS RAS likelylikely contributing to patientcontributing to patient’’s s renal insufficiencyrenal insufficiency
•• Rapid and recentRapid and recent deterioration, deterioration, espesp. after introduction of ACE or . after introduction of ACE or 

ARBARB

•• Total renal mass supplied by critically narrowed vessels (e.g. Total renal mass supplied by critically narrowed vessels (e.g. 
bilateral critical bilateral critical stenoses stenoses or solitary kidney with critical or solitary kidney with critical stenosisstenosis))

•• Severe refractory HTN Severe refractory HTN associated withassociated with the renal dysfunctionthe renal dysfunction

•• Flash Pulmonary EdemaFlash Pulmonary Edema

•• Clearly Clearly hemodynamically hemodynamically significant significant stenosisstenosis

–– Very severe (>85Very severe (>85--90%)90%)

–– Large pressure gradient (e.g.>30mmHg)Large pressure gradient (e.g.>30mmHg)

Stenting Stenting Patients with Renal InsufficiencyPatients with Renal Insufficiency
Clues for proper case selectionClues for proper case selection



Stenting Stenting Patients with Renal InsufficiencyPatients with Renal Insufficiency
Clues for proper case selectionClues for proper case selection

RAS RAS LESS LIKELYLESS LIKELY contributing to renal insufficiencycontributing to renal insufficiency
•• Other causes evident (e.g. presence of intrinsic kidneyOther causes evident (e.g. presence of intrinsic kidney disease)disease)

–– Diabetes (Diabetes (espesp. with neuropathy or retinopathy). with neuropathy or retinopathy)

–– ProteinuriaProteinuria

•• Normal size kidneysNormal size kidneys

•• More More chronicitychronicity

•• Unilateral Unilateral stenosis stenosis with with contralateral contralateral vessel patentvessel patent

•• HTN absent or easily controlledHTN absent or easily controlled

•• Moderate Moderate stenosisstenosis

–– << 70%70%

–– Trivial pressure gradient (Trivial pressure gradient (<<20mmHg peak)20mmHg peak)



Stenting Stenting Patients with Renal InsufficiencyPatients with Renal Insufficiency
Embolic Protection DevicesEmbolic Protection Devices

•• Emboli occur in every caseEmboli occur in every case
•• Makes sense Makes sense teleologicallyteleologically……but:but:
•• Utility and relative benefit not wellUtility and relative benefit not well--establishedestablished
•• Not FDANot FDA--approved or reimbursedapproved or reimbursed
•• No device ideal yetNo device ideal yet

–– Diameter too smallDiameter too small
–– LandingLanding zone too shortzone too short
–– First bifurcation oftenFirst bifurcation often proximalproximal
–– Deliverability variableDeliverability variable
–– Support Support and stability and stability variablevariable



Stenting Stenting for RAS:for RAS:
Answers to the QuestionsAnswers to the Questions??

Am H Journal 2006;152:59-66



ConclusionsConclusions
ll RAS isRAS is a common secondary cause of HTN and a common secondary cause of HTN and 

progressive decline in renal functionprogressive decline in renal function

ll Multiple clinical clues exist to suggest presence of Multiple clinical clues exist to suggest presence of 
RAS; RAS; Hx Hx and PE also provide importantand PE also provide important cluesclues

ll NonNon--invasive iinvasive imaging important for diagnosismaging important for diagnosis

ll Initial treatment should be Medical Rx (ACE/ARB)Initial treatment should be Medical Rx (ACE/ARB)

ll Treatment can be effective and beneficial in many Treatment can be effective and beneficial in many 
casescases……with proper screening andwith proper screening and patient selectionpatient selection

ll FutureFuture

-- Better evidence as to which patients benefitBetter evidence as to which patients benefit

-- Better Better ““protectionprotection”” of the kidney duringof the kidney during interventionintervention



Thank you!Thank you!


