
x

Renal Artery Stenosis: 
New View on a Difficult Clinical Problem

Prof. Andrzej Wiecek
Department of Nephrology, Endocrinologyand Metabolic Diseases

MedicalUniversityof Silesia, Katowice, Poland

e-mail: awiecek@spskm.katowice.pl

The 20th Budapest Nephrology School
Nephrology, Hypertension, Dialysis, 

Transplantation

26 ς31 August, 2013



Potential causes of renal artery stenosis

PlouinP. et al. Nat Rev Nephrol2011; 6, 151-159

Å Atherosclerosis

Å Fibromusculardysplasia

Å Medial(string-of-beadsappearance)

Å Nonmedial(unifocalor tubular lesions)

Å Arteritis

Å Takayasuarteritis

Å Polyarteritisnodosa

Å Kawasaki disease

Å Rarediseases(mostly reported in children)

Å Familialdiseases: type 1 neurofibromatosis, tuberoussclerosis, pseudoxanthomaelasticum, 
vascularEhlersςDanlossyndrome, Alagillesyndrome, Marfansyndrome, Williams syndrome, 
Turner syndrome

Å Idiopathicmid-aorticsyndrome

Å Miscellaneouscauses

Å Renalartery spasmsinducedby sympathomimeticagent or ergot alkaloid abuse

Å Segmentalarterialmediolysis

Å Extrinsiccompression
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Atheroscleroticrenovascularhypertension

after stent implantationAfter angioplasty

N. Engl. J. Med., 2001, 344, 431-442



The "string-of-beads" feature
in medialfibromusculardysplasia

Plouin P. et al., Orphanet J. Rare Dis. 2007, 2: 28
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Stenosiosof the transplantedkidney,
beforeand after successfulangioplasty
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Endovasularaorticgraftsas a causeof renalobstruction

TextorS.C. et al. Kidney Int., 2012, 83, 28ς40



KalraP. et al., Kidney Int., 2010; 77, 37ς43

Unadjusted hazard ratios, with 95% confidence intervals, for 
atherosclerotic renovasculardisease (ARVD) by calendar year, with 

1992 as reference category



x
ZoccaliC. et al., J Am SocNephrol2002; 13: S179-S183

Liczba chorych

Frequencyof atheroscleroticrenovascularhypertensionin patients
duringarteriograhyof aorta, peripheralarteryor coronarograhy



Frequencyof renalarterystenosisin patientswith high risk
renovascularhypertension

CAG, coronary angiography

de Mast Q et al.  J Hypertens, 2009, 27:1333ς1340



Correlationbetweenseverityof coronaryheartdiseaseand 
frequencyof renalarterystenosis

de Mast Q et al.  J Hypertens, 2009, 27:1333ς1340



Progress in Cardiovascular Disease 2009, 52,238ς242

Prevalence of RAS among patients 
with other forms of atherosclerosis
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1. Whatarethe differencesin the pathogenesisof 
hypertensionin patientswith unilateralor bilateralrenal
arterystenosis?

2. What is the criticaldegreeof renalarterystenosis
consideredas a hemodynamicallyimportant in the 
pathogenesisof renovascularhypertension? 

3. Whatarethe most important clinicalsymptomsand 
diagnostictestsin patientswith renovascular
hypertension?

4. How to treat renovascularhypertension?    
x

Whatyoushouldrememberafter this lecture
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AngiotensinII dependent hypertension
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Volume dependent hypertension
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XClinicalclassificationof renalarterystenosis

TextorS.C. et al. Kidney Int., 2012, 83, 28ς40



XRenal blood flow with canine renal artery constriction

Goldblatt et al., 1934



May AG. et al.: Surgery, 1963, 54: 250-259

Decreaseof bloodpressure(A)  and bloodflow (B) along

stenotedartery in experimentalconditions

Data indicatethat 70-80% stenosiscanshow hemodynamicallydetectablechanges

(A) (B)
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Hemodynamicconsequencesof renalarterystenosis

SchoenbergSO, Bock M, KallinowskiF, Just A. J Am SocNephrol. 2000 ;12:2190-8
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Clinical criteria for pursuing the initial diagnosis

of renovasculardisease

HerrmannSMS , TextorS.C., Nephrol. Dial. Transplant., 2012, 27: 2657ς2663



x

Serum creatinine concentration increased on four occasions in association with

angiotensin converting enzyme inhibition, leading to dialysis, then remained stable

despite patient taking angiotensin converting enzyme inhibitor after dilation and

stenting of right renal artery. Brit Med. J. 2003; 326:489-491

Increaseof serum creatinineconcentrationafter angiotension
convertinginhibition in patient with bilateralrenalarterystenosis



xBrit Med. J. 2003; 326:489-491

Renalarteriogramshowingocclusionof left renalartery (left)
and tight stenosisof right renalartery before(arrowed) and after stenting(right)
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Serum creatinine concentration increased on four occasions in association with

angiotensin converting enzyme inhibition, leading to dialysis, then remained stable

despite patient taking angiotensin converting enzyme inhibitor after dilation and

stenting of right renal artery. Brit Med. J. 2003; 326:489-491

Increaseof serum creatinineconcentrationafter angiotension
convertinginhibition in patient with bilateralrenalarterystenosis



Sensitivityand specificityof different diagnosticprocedures
in patientswith RAS

Procedures Sensitivity % Specificity %

Scyntygraphy after 

Captopril
81 78

Doppler 

ultrasonography
90 89

Magnetic resonance 

angiography
87 99

Spiral computed 

tomography
90-100 90-98

Intra arterial 

angiography
97-100 100
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Scintigramobtainedwith Tc-99m MAG3 in patient with left renal
arterystenosisbefore(a) and after administrationof captopril(b) 

Soulez G. et al. RadioGraphics 2000, 20: 1355-1368

(b) after administrationof captopril

(a) before administrationof captopril



xSoulez G. et al. RadioGraphics 2000, 20: 1355-1368

Scintigramobtainedwith Tc-99m MAG3 inpatientwith right renal
arterystenosisbefore(a) and after administrationof captopril(b)

(Sequential images obtained at 2-minute intervals)

before administration of captopril after administration of captopril 



Colorduplex sonographyof right-sided
ostialrenalarterystenosis

High peak systolic velocity of 3.36 m/s is obtained within in the stenosis. The green color indicates high 

blood flow velocity with turbulences near the stenosis. Low mean resistive index(RI=47) of the right 

kidney is an indirect sign of significant stenosis

Krumme B. and Donauer J. Kidney Int. 2006: 70:1543-7
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xRadermacherJ.et al   N.Eng.J.Med.,2001;344:410-7

Mean (ҕSEM) change in MAP and the number
of antihypertensive drugs taken after the correction of RAS,
according to resistance index values before revascularization
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RadermacherJ.et al   N.EngJ.Med.,2001;344:410-7

Mean changesin creatinineclearanceafter the correction of RAS,
according to resistance index values before revascularization



Radermacher J. et al   N.Eng.J.Med. 2001;344:410-7

Univariateodds ratio for a worsening of renal function after correction of RAS, with 
95% confidence intervals associated with various factors  before revascularization
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Blood pressure and renal function response after 

revascularization based on resistive index by duplex ultrasound

HerrmannSMS , TextorS.C., Nephrol. Dial. Transplant., 2012, 27: 2657ς2663
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Schoenberget al. NephrolDialTransplant

2003; 18: 1252-1256

ÅHigh-resolution 3D gadolinium

MRA of the renal arteries using

integrated parallel acquisition

techniques (iPAT). 

ÅWithin 23 s, a data set with a 

voxel size of 0.8x0.8x0.9 mm 

spatial resolution was acquired on 

a high performance imaging

system (Magnetom Sonata, 

Siemens, Erlangen, iPAT factor 2).

ÅNote that even this high-grade

stenosis can be visualized in the 

in-plane view (A) as well as in 

orthogonal cuts of the vessel

cross-section (B). 

ÅThis three-dimensional

multiplanar assessment allows a 

reduction in the overall

misinterpretation of the degree of 

stenosis. 
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Computed tomography angiogram of atherosclerotic
renal artery stenosisof the left kidney



Multi phaseMRI vs digitalsubstractionangiography

Åx

SchoenbergS. et al., 2002
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Anexampleof IVUSexaminationdirectlyafter PTRA ( a ) 
and in follow-up ( b )

Lekston A et al. KidneyBlood Press Res 2008;31:291ς298



The principle ofBOLD - MRI
Blood Oxygen-Level-Dependent Magnetic Resonance Imaging

Åx

The ratio of oxyhemoglobin(diamagnetic) to

deoxyhemoglobin(diamagnetic) is proportional

to the partial pressure of oxygen (pO2) of blood.

M. Uderet al. Nephrologe2009; 4:26-32
L.Hofmann et al . Kid Int 2006; 70: 144-150



BOLD - MRI for the assessment of renal oxygenation in humans:
Acute effect of nephrotoxic Xenobiotics

Å The magnetic effect of different 
oxygen levelis leading to signal 
attenuation on T2*-weightedMRI-
images.

Å BOLD-signal estimated by transverse 
relaxationrate R2* (1/T2) can be 
considered as a sensitiveindicator 
tissue (pO2).

L.Hofmann et al . KidneyInt 2006; 70: 144-150
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Textor S.C. et al.  Kidney Int., 2012, 83, 28-40

Blood-oxygen-level-dependent (BOLD)
magneticresonance(MRI) of kidneys



Diagnosticprocedurein patients
with suspectedrenalarterystenosis

ÅThe past:
ïCaptopriltest 
ïCaptoprilurenogram

ÅThe presenttime:
ïColourDoppler Sonography(CDS)
ïComputedTomographyAngiography(CTA)
ïMagneticResonanceTomographyAngiography(MRA)

ÅThe future
ïBOLD- Magnetic Resonance Imaging (MRI)



X

1. Whatarethe differencesin the pathogenesisof 
hypertensionin patientswith unilateralor bilateralrenal
arterystenosis?

2. What is the criticaldegreeof renalarterystenosis
consideredas a hemodynamicallyimportant in the 
pathogenesisof renovascularhypertension? 

3. Whatarethe most important clinicalsymptomsand 
diagnostictestsin patientswith renovascular
hypertension?

4. How to treat renovascularhypertension?    
x

Whatyoushouldrememberafter this lecture



x

Blood pressurechangesafter removingof clip in 
experimentalrenovascularhypertension

Brown J.J. et al., Lancet, 1976, 1, 1219-1221



x

renalartery
stenosis

Ҩ DCw 

ҧ wh{ 

ҧ localrenin synthesis

ҧ localAngII production
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fibrosis
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Adamczak M., WiecekA., Nefrologia, 2012, 32,432-438



XFactorsfavoringmedicaltherapyand surveillance
of renalarterystenosis

TextorS.C. et al. Kidney Int., 2012, 83, 28ς40
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CV events are more frequent than ESRD
in patients with atherosclerotic RAS

ÅOf 164 patients with RAS > 50 % followed-up for 7.1 yr, 

33 died from CV disease and 2 progressed to ESRD

ÅCompared to the normal Swedish population, risk ratios 

for overall mortality and CV mortality were 3.3 and 5.7

ÅOverall risk ratio for mortality in patients with RAS was 

higher than that of patients hospitalized for unstable 

angina and similar to that of patients with colon cancer

Johansson et al., J Hypertens. 1999;17:1743



Progress in Cardiovascular Disease 2009,52 , 238ς242

Rates of adverse cardiovascular events among 
medicarepatients in theUnited States
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Factorsfavoringmedicaltherapyand revascularization

for renalarterystenosis

TextorS.C. et al. Kidney Int., 2012, 83, 28ς40



XProspective, randomisedclinicaltrialscomparingmedical
therapywith angioplasty(with or without stents) 

TextorS.C. et al. Kidney Int., 2012, 83, 28ς40
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×X

Serum creatinineconcentrationat the end of follow-up in patients
treatedwith percutaneousintervetionor medicaltherapyonly

TextorS.C. et al. Kidney Int., 2012, 83, 28ς40



X

×X

Clinicaloutcomesof renalartery revascularizationfor 
atheroscleroticrenalarterydisease

TextorS.C. et al. Kidney Int., 2012, 83, 28ς40

Serum creatinineconcentration
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Progressionof CKD after successfulrevascularisation

Textor S.C. et al.  Kidney Int., 2012, 83, 28-40
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Renalangiograms(a, b) and serial serum creatinievalues(c) during

a 6-week time period obtainedfor a 62-years old diabeticpatientswith 
morbidobesity

TextorS.C., Curr. Opin. Nephrol. Hypertens.,2013, 22: 525-530
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Causesof treatment failure: cholesterolemobolism
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Embolicprotectiondevice(EPD)

Textor S.C. et al.
Kidney Int., 2012, 83, 28-40
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ASTRALTrialprotocol

Diagnosis of ARVD 
(Unilateral or Bilateral)

Revascularisation not contraindicated

Randomisation

No revascularisation

Medical Treatment only

Revascularisation

with angioplasty and/or stent 

(and medical treatment)

Uncertain whether to revascularise



ASTRAL- Patientscharacteristicς
percentof lumen stenosis

Mean stenosis =76% (20-100%)
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ASTRAL 2008
N EnglJ Med 2009;361:1953-62



ASTRAL- Systolic and diastolic blood pressure in patients with renal 
artery stenosis treated with revascularization or medical therapy alone

N Engl J Med 2009;361:1953-62
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ASTRAL- Renal function in patientswith renal-artery stenosistreated
with revascularizationor medicaltherapyalone

N Engl J Med 2009;361:1953-62



ASTRAL- KaplanςMeier curvesfor the time
to the first renalevents

N EnglJ Med 2009;361:1953-62



ASTRAL - KaplanςMeier curvesfor the time
to the first cardiovascularevents

N EnglJ Med 2009;361:1953-62



ASTRAL
KaplanςMeier curvesfor overallsurvival

N EnglJ Med 2009;361:1953-62



Stent placementin patientswith atheroscleroticrenalartery stenosis
and impairedrenalfunctionςSTAR Trial

BaxL et al. Ann Intern 
Med. 2009;150:840-848

140 patients with 
creatinineclearance 
less than  80mL/min 
per 1.73 m2

and ARAS of 50% or 
greater



STAR-Trial - Participant characteristicsat baseline

BaxL et al. Ann Intern Med. 2009;150:840-848



STAR -Trial - Primary and secondaryendpoints

BaxL et al. Ann Intern Med. 2009;150:840-848

Primaryend-point:
worseningof kidneyfunction, definedas a 20% or greaterdecreaseof eGFR



BaxL et al. Ann Intern Med.2009;150:840-848

Survival curves for the primary end point 
during 2 years offollow-up

Survival curves forthe primary end point plus 
death during 2 years offollow-up

STAR -Trial



STAR- Conclusions

Å In this randomized trial, medical treatment of renal artery
stenosis was compared with medical treatment plus 
stenting

ÅPatients who underwent stenting experienced no clear
benefits, and several experiencedcomplications, including
2 procedure-related deaths

Å In this sample, stenting of stenosedrenal arteries 
providedno clear benefit and caused harm, suggesting 
that patientswith renal artery stenosis should be treated 
with medicaltherapy alone

BaxL et al. Ann Intern Med. 2009;150:840-848
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PTA/OP in patientswith atheroscleroticRAS

ÅRefractoryhypertension

ÅUnilateralRAS of the single kidneyor bilateralRAS

ÅNormalkidneysize

ÅAcutekidneyinjury after ACEIsor ABRs

ÅHypertensioninducedpulmonaryoedema

ÅRAS with RI < 0,8

ÅExpectedlongersurvivaltime

PRO


