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Potential causes of renal artesyenosis

A Atherosclerosis

A Fibromusculadysplasia
A Medial (string-of-beadsappearanc
A Nonmedial(unifocalor tubular lesiong
A Arteritis
A Takayasuarteritis
A Polyarteritisnodosa
A Kawasakdlisease

A Rarediseasegmostly reported in children)

A Familialdiseasestype 1 neurofibromatosistuberoussclerosispseudoxanthomaelasticum
vasculaiEhlergDanlossyndrome Alagillesyndrome Marfan syndrome Williamssyndrome
Turnersyndrome

A ldiopathicmid-aortic syndrome
A Miscellaneouscauses
A Renalartery spasmsnducedby sympathomimeticagentor ergot alkaloidabuse
A Segmentadrterial mediolysis
A Extrinsiccompression

PlouinP. etal. Nat ReNephrol2011;6, 1532159



Atherosclerotiaenovasculahypertension

N.Engl J. Med., 2001, 344431-442



The "stringof-beads feature
In medialfioromusculardysplasia

Plouin P. et al., Orphanet J. Rare Dis. 2007, 2: 28



Stenosio®f the transplantedkidney
before andafter successfuangioplasty




Endovasulaaortic graftsas acauseof renalobstruction

TextorS.C. et alKigneyint., 2012 83, 28¢40



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

1992 as reference category

Hazard ratio for ARVD
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KalraP. et al. Kidneylint., 201Q 77, 3€43



Frequencyof atherosclerotiacenovasculahypertensionn patients
duringarteriograhyof aorta,peripheralartery or coronarograhy

Prevalence rate of Renal
Artery Stenosis

©Q Curdiac catheterization studics
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Freqguencyof renalartery stenosign patientswith highrisk
renovasculahypertension

' | —
Risk groups together 15.4 All stenoses
4.2 B Bilateral stenoses

CAG; consecutive subjects [4,20-27] — 105

Suspected renovascular hypertension [10,12-16] 14.1

CAG and suspected renovascular disease [32-34] h—'
CAG and hypertension [28-31]
DM with hypertension [17-19] P 120.0

Peripheral vascular disease [8,37-46] _—'
Abdominal aortic aneurysm [8,40,44] _ 133.1

End-stage renal failure [48] _1 | 40.8
Congestive heart failure [36] _ | 54.1

! !
CAG, coronary angiography 30

40 50 60
Pooled prevalence rate (%)

de Mast Q et al.J Hypertens, 2009, 27:13381340



Correlationbetweenseverityof coronaryheart diseaseand
frequencyof renalartery stenosis

P <0.0001*
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Prevalence of RAS among patients
with other forms of atherosclerosis

RAS prevalence

Stroke 10%
Carotid artery disease 19%
Coronary artery disease 6%-40%
MI 12%
Abdominal aortic aneurysm 20%-38%
[liac and lower extremity 21%-49%

occlusive disease

Progress in Cardiovascular Disease 2088 238¢242



Whatyou shouldrememberafter this lecture

1. Whatarethe differencesin the pathogenesi®f
hypertensionn patientswith unilateralor bilateralrenal
artery stenosi®

2. Whatisthe criticaldegreeof renalartery stenosis
considerecas ahemodynamicallymportantin the
pathogenesi®f renovasculahypertensior?

3. Whatarethe mostimportant clinicalsymptomsand
diagnostidestsin patientswith renovascular
hypertensior?

4. How totreat renovasculahypertensior?
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Whatyou shouldrememberafter this lecture

1. Whatarethe differencesin the pathogenesi®f
hypertensionn patientswith unilateralor bilateralrenal

artery stenosi®



Angiotensinll dependenthypertension

UNILATERAL RENAL ARTERY STENOSIS

Reduced renal perfusion Increased renal perfusion
-
1 + 7
T Renin-angiotensin system (RAS) Suppressed RAS  Increased Na* excretion
T Renin (pressure natriuresis)
T Angiotensin ||
T Aldosterone

Angiotensin ll-dependent hypertension

Effect of blockade of RAS
Reduced arterial pressure
Enhanced lateralization of diagnostic tests
Glomerular filtration rate (GFR) in stenotic kidney may fall

Diagnostic tests
Plasma renin activity elevated
Lateralized features, €.g., renin levels in renal veins, captopril-enhanced renography

N



Volume dependenhypertension

BILATERAL RENAL ARTERY STENOSIS

Bilateral Stenosis of solitary kidney
[ J
'
Reduced renal perfusion
|
1 f
T Renin-angiotensin system (RAS) Impaired Na* and water
T Renin excretion
T Angiotensin Il e ‘
nhibi
T Aldosterone Volume expansion
Normal or low angiotensin || Increased arterial pressure

Effect of blockade of RAS
Reduced arterial pressure only after volume depletion
May lower GFR

Diagnostic tests
Plasma renin activity normal or low
Lateralized features: none



Whatyou shouldrememberafter this lecture

1.

2. Whatisthe criticaldegreeof renalartery stenosis
considerecas ahemodynamicallymportantin the
pathogenesi®f renovasculahypertensior?




Clinicalclassificatiorof renalartery stenosis

Grade |: Renal artery stenosis present, but no clinical manifestations
(normal blood pressure and normal renal function).

Grade II: Renal artery stenosis present, but patients have medically
controlled hypertension and normal renal function.

Grade lll: Renal artery stenosis present and patients have evidence of
abnormal renal function, medically refractory hypertension, or evidence
of volume overload.

TextorS.C. et alKidneyint., 2012 83, 2&40



Renal blood flow with canine renal artecgnstriction
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Goldblattet al., 1934



Decreasef blood pressure(A) andbloodflow (B)along
stenotedartery in experimentalconditions

Dataindicatethat 70-80%stenosiscanshowhemodynamicallgletectablechanges
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Hemodynami@conseguencesf renalartery stenosis

Mean flow [ml/min]

Pressure gradient [mmHg]

T T
o 30% S50% B0% =00%

Degree of stenosis

SchoenbergsO, Bock MKallinowskiF, Just A. J AilsogNephrol. 2000 12:21908
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Whatyou shouldrememberafter this lecture

1.

3. Whatarethe mostimportant clinicalsymptomsand
diagnostidestsin patientswith renovascular
hypertensior?



Clinical criteria for pursuing the initial diagnosis
of renovasculadisease

Clinical findings associated with renovascular disease

Onset hypertension before age of 30 years old

Accelerated, resistant, malignant hypertension

Deterioration of renal function in response to angiotensin-converting
enzyme inhibitors or angiotensin-receptor blocker

New onset of hypertension after 50 years of age (suggestive of
atherosclerotic renal artery stenosis)

Asymmetric kidneys with more than 1.5 cm of difference in the size and
otherwise unexplained loss of kidney function

Sudden unexplained pulmonary edema

HerrmannSMS [TextorS.C.Nephrol. Dial. Transplant., 201,27: 265%2663



Increasenf serumcreatinineconcentrationafter angiotension
convertinginhibition in patient with bilateralrenalartery stenosis

Use of angiotensin converting enzyme inhibitor

Dialysis Stent
S

(o)
o
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200

Serum creatinine concentration (wmol/l)

0
0 2 4 6 8 10 12 14 16 18 20 22 24

Time (months)

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



Renalarteriogramshowingocclusionof left renalartery (left)
andtight stenosisof right renalartery before (arrowed) andafter stenting(right)

Brit Med, J. 2003; 326:489-491



Increasenf serumcreatinineconcentrationafter angiotension
convertinginhibition in patient with bilateralrenalartery stenosis

Use of angiotensin converting enzyme inhibitor

Dialysis Stent
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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



Sensitivityand specificityof different diagnosticprocedures
In patientswith RAS

Procedures Sensitivity % | Specificity %
Scyntygraphy after
Captopril
Doppler
ultrasonography
Magnetic resonance
angiography
Spiral computed
tomography

Intra arterial
angiography

81 /8

90 89

87 99




Scintigranobtainedwith Te99m MAG3 ipatient with left renal

artery stenosis

(a)before administration

pefore (a) andafter administrationof captopril (b)
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(b) after administration of captopril d.

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



Scintigramobtainedwith Tec99m MAG3npatientwith right renal
artery stenosisbefore(a) andafter administrationof captopri(b)

(Sequentialimages obtained at Zninute intervalg
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a. before administration of captopril . after administration of captopril

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



Colorduplexsonographyof right-sided
ostialrenalartery stenosis

11:37:05 am
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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



How to diagnose NSCL / GS :
Measuring renal resistance index (RI)

* Segmental renal artery
e« RI=1 (Vmin/V max)) * 100




Mean §SEM) change in MAP and the number
of antihypertensive drugs taken after the correction of RAS,
according to resistance index values before revascularization

No. of Antihypertensive Drugs
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Meanchangein creatinineclearanceafter the correction of RAS
according to resistance index values before revascularizati

40

Resistance index <80

Change in Creatinine Clearance (mi/min)

MNo. wiTH FoLLow-ur DaTa

Resistance index <=B0 96 96 95 83 73 59 43 34 21
Resistance index =80 35 35 33 31 26 21 186 8 5

RademacherJ.et al NI)%‘ng.lI\/Ied.,2001;344:4197



Univariateodds ratio for a worsening of renal function after correction of RAS, w
95% confidence intervals associated with varitactors before revascularization

Resistance index =80 —_—
No response to captopril scintigraphy ——
Creatinine clearance <40 ml/min ——
Urinary protein excretion =1 g/day =
Serum uric acid >7.3 mg/d| =
Plasma renin activity >5.7 ng/ml/hr ——
CAD, AOD, or CVD =
Pulse pressure =70 mm Hg —_—l
Age >65 years | —8—
No nocturnal fall in blood pressure ——
Male sex ——
Diabetes mellitus +—8—
No sudden increase in blood pressure —t—
Size of kidney with stenotic renal artery <9 cm a
Smoking —_——
Lack of blood-pressure contral with ACE inhibitor =
0.1 1.0 10 100 1000

Odds Ratio for Worsening Renal Function
Radermacher J. et al N.Eng.J.Med. 2001;344:410-7



Blood pressure and renal function response after
revascularization based on resistive index by dupleasound

Reference Definition of outcome RI BP outcome RF outcome
Santos et al. [14] No benefit (NB), improvement (I) or cure (C) of BP >0.8 5% improvement No difference of RF
<0.8 70% improvement in either group
2.5% cure
Radermacher et al. [13] Mean arterial BP: | by 10% after RV >0.8 3% improvement 80% RF worsening
RF: worsening of CrCl by 10% after RV <0.8 94% improvement 3% RF worsening
Zelleret al. [16] Mean arterial BP: | by 5 mmHg after RV >0.8 Improvement of BP is Improvement of Scr is
RF:] Scr by 10% at 6 months after RV 0.7-0.8 similar in all groups similar in all groups
<0.8
Garcia-Criado et al. [15] Diastolic BP: | by 15% after RV >0.8 50% improvement 29% improvement
RF:| Scr by 20% after RV <0.8 85% improvement 45% improvement

HerrmannSMS [TextorS.C.Nephrol Dial. Transplant., 20127: 265¢2663
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Adigh-resolution 3D gadolinium
MRA of the renal arteries using
integrated parallel acquisition
techniques (iPAT).

Awithin 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).

ANote 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).

Arhis three-dimensional
multiplanar assessment allows a
reduction in the overall
misinterpretation of the degree of

stenosis.
Schoenber@t al. NephrolDial Transplant

2003; 18: 1252256
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Computedtomography angiograrmf atherosclerotic
renal arterystenosisof the left kidney




Multi phaseMRI vaigital substractionangiography

> 80% > 80%

> 50% < 50%

Schoenberds. et al., 2002



An exampleof [VUSexaminationdirectly after PTRA ( a)
and infollow-up ( b))
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Lekston A et alKidneyBlood Prgss Res 2008;31:22P8



The principle oBOLD MRI
Blood OxygenlLevelDependentMagneticResonancemaging
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The ratio ofoxyhemoglobin(diamagnetic) to
deoxyhemoglobirfdiamagnetic) is proportional
to the partial pressure of oxygen (pO2) of blood.

L.Hofmann e a. Kid nt 006; 45 | M. Uderet al. Nephrologe2009; 4:2632



BOLD MRIfor the assessment of renal oxygenation in humar
Acute effect of nephrotoxiXenobiotics

A The magnetic effect of different
oxygen leveis leading to signal
attenuation on T2*weightedMR}
images.

A BOLDBsignal estimated by transverse
relaxationrate R2* (1/T2) can be
considered as a sensitivedicator
tissue (pO2).
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L.Hofmann et al Kidney Int 2006; 70: 144150



Bloodoxygenleveldependent(BOLD
magneticresonancg MRI)of kidneys

Stenotic kidney

Figure 5| Blood-oxygen-level-dependent (BOLD) magnetic resonance (MR) images with parametric maps depicting R2* levels that
correspond to tissue levels of deoxyhemoglobin in axial images of the kidneys. Both of these kidneys had high-grade renal arterial
stenosis with velocities =400 cm/s. Serum creatinine was > 3.6 mg/dl, although the patient was treated with angiotensin receptor blockers and
diuretics. The larger kidney (right panel, left kidney) has well-preserved cortical oxygenation (blue zone) and a normal corticomedullary oxygen
gradient. The smaller kidney (left panels) is developing overt cortical hypoxia with rising R2* levels and expanding zone of medullary hypoxia
(inner red zone). These functional imaging tools may assist in defining kidneys that are ‘at risk’ from critical vascular occlusion, yet remain
‘salvageable’ from the point of view of restoring renal blood flow (see text).

Textor S.C. et aI.X Kidney Int., 2012, 83,48



Diagnosticprocedurein patients
with suspectedenal artery stenosis

A The past: B
I Captopriltest ‘
I Captoprilurenogram

A Thepresenttime:
I ColourDopplerSonographyCDS)
I ComputedTomographyAngiography(CTA)
I MagnetlcResonancéromographyAng|ograph3(MRA)

A Thefuture
I BOLDMagnetic Resonance Imaging (MRI)




Whatyou shouldrememberafter this lecture

1.

4. How totreat renovasculahypertensior?
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Bloodpressurechangesafter removingof clip In
experimentalrenovasculahypertension

Phase
Clip | I | [l | [] |
| | | |
| | | |
l | ; : .
IS ' :
BP I : : |
| | | |
| | | |
f\ | !
: | | s ;
Renin | | |
| | | |
| | | |
ABPoOn |7 : l |
removing clip : (— : : :

Brown J.J. et al., Lakcet, 1976, 1, 121ZP1



Generalized atherosclerosis
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Factordavoringmedicaltherapyandsurveillance
of renalartery stenosis

Controlled blood pressure with stable renal function.

Stable renal artery stenosis without progression on surveillance studies
(e.g., serial duplex ultrasound).

Advanced age and/or limited life expectancy.

Extensive comorbidities that make revascularization too risky.

High risk or previous experience with atheroembolic disease.

Other concomitant renal parenchymal diseases that cause progressive
renal dysfunction (e.g., diabetic nephropathy).

TextorS.C. et alKidneyint., 2012 83, 2&40



CV events are more frequent than ESRD
In patients with atherosclerotic RAS

A Of 164 patients with RAS > 50 % follovaxifor 7.1yr,
33 died from CV disease and 2 progressed to ESRD

A Compared to the normal Swedish population, risk ratios
for overall mortality and CV mortality were 3.3 and 5.7

A Overall 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 alJHypertens 1999;17:1743



Rates of adverse cardiovascular events among
medicarepatients in theUnited States

Event

Incidence among
patients with RAS
(events per 1000
patient years)

Incidence in the general
population (events
per 1000 patient years)

Atherosclerotic
heart disease
Peripheral vascular
disease
Congestive
heart failure
Cerebrovascular
accident or
Transient
1schemic attack
Death

3039

258.6

194.5

175.5

166.3

73.5

52.2

56.3

52.9

63.3

Progress in Cardiovascular Dised#952, 238242



Factorsfavoringmedicaltherapyandrevascularizatiol
for renalartery stenosis

Progressive decline in GFR during treatment of hypertension.

Failure to achieve adequate blood pressure control with optimal
medical therapy.

Rapid or recurrent decline in the GFR in association with a reduction in
systemic pressure.

Decline in GFR during therapy with ACE inhibitors or ARBs.
Recurrent congestive heart failure in a patient in whom the adequacy
of left ventricular failure does not explain the cause.

TextorS.C. et alKidneyint., 2012 83, 2840



Prospectiverandomisedclinicaltrials comparingmedical
therapywith angioplasty(with or without stentg

Table 2 | Baseline characteristics of prospective, randomized treatment trials comparing medical therapy with or without renal
artery intervention (PTRA with or without stents)

EMMA SNRASCG DRASTIC ASTRAL STAR NITER
Location France UK The Netherlands UK/Aust/NZ The Netherlands Italy
Year 1998 1998 2000 2009 2009 2009
No. of Pts (Intervent./Med Rx) 23/26 25/30 56/60 403/403 64/74 28/24
Mean age (years) 59.4 61.1 59.9 70.5 66.5 720
CAD (%) NA NA NA 48.5 39.3 63.5
ASPVD (%) NA NA NA 40.5 40.0 46.2
Creatinine baseline (mg/dl) 1.2 1.8 13 2.0 1.7 17
Bilat (%) 0 509 226 53.5 47.9 515
ACE/ARB at F/U (%) NA 0 NA 45 57 61
Crossover (%) 269 6.2 44 32 1.3 0
F/U mean (months) 6 12 12 336 24 43

Comment: Entry criteria

‘Unilateral only’

‘Resistant HTN’

‘Resistant HTN’

‘Uncertainty of benefit’

‘Renal insufficiency’

'‘Resistant HTN/CRI”

TextorS.C. et alKidneyInt., 2012 83, 2&40



Serumcreatinineconcentrationat the end offollow-up in patients
treated with percutaneousntervetion or medicaltherapyonly

- R Mean (s.d.)
Serum creatinine at end of follow-up Weighted mean Percutaneous Medical
Source difference (95% CI) intervention  therapy
SNRASCG —0.16 (-0.63,-0.31) 1.9(0.9) 2.0 (0.9)
ASTRAL —0.21 (-0.42, 0.00) 2.2 (1.4) 2.4 (1.6)
NITER | —0.08 (-0.37, 0.53) 1.9 (0.9) 1.8 (0.8)
STAR —0.10 (-0.37, 0.17) 1.8 (0.8) 1.9 (0.9)

Overall (95% CI) < —-0.14 (-=0.29, 0.01)

Test for heterogeneity: 2 = 0%

Test for overall effect: P = 0.06
1 1 1 1

-2 —1 0 1 2
Favors Favors
percutaneous medical

revascularization management

TextorS.C. et alKidneyint., 2012 83,2840



Clinicaloutcomesof renalartery revascularizatioror
atherosclerotiaenalartery disease
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3.0 -

2.5 -
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TextorS.C. et alKidneyint., 2012 83,28¢40



Progressiomf CKDafter successfutevascularisation
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Figure 3 | Kaplan-Meier plots of freedom from requiring renal
replacement therapy for 550 patients with variable pretreatment
levels of estimated glomerular filtration rate (GFR) after
technically successful renal artery angioplasty and stenting.

Textor S.C. et al. Kidney Int., 2012, 83;48



Renalangiogramsga, b) and serial serugreatinievalues(c)during
a 6-weektime periodobtainedfor a 62yearsold diabeticpatientswith

morbid obesity

Creatinine (GFR)

(c)
6 - Admitted:
Pulmonary edema 5.4 mg/dI

>1 A-Vfistula
i placed Renal artery

l stent placed
3 |
9 - 2.6-2.8 mg/dI 1.7 mg/dI
1 T T T ! L , ’
9-May 19-May 29-May 8-Jun 18-Jun 28-Jun 8-Jul 18-dJul

Date

TextorS.C.Curr Opin.Nephrol Hypertens,2013, 22: 525530



Cause®sf treatment faillure: cholesterolemobolism




Embolicprotectiondevice(EPD)

Figure 1 |Angiographic images before and after renal artery

stenting. (a) Guidewire placement beyond a high-grade proximal

stenosis. (b) Stent deployed with filter-wire embolic protection device TextorS.C. et al

(EPD), shown after removal in (c). Embolic debiris is visible in the distal .

section of the EPD. Kddneylnt-, 2012, 83, 2810



ASTRAIMrialprotocol

Diagnosis of ARVD
(Unilateral or Bilateral)
Revascularisation not contraindicated

|

Uncertain whether to revascularise

Randomisation

Revascularisation | No revascularisation

with angioplasty and/or stent

(and medical treatment) Medical Treatment only
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ASTRAEPatientscharacteristiag

percentof lumenstenosis
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N EnglJ Med 2009;361:19582
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ASTRALSystolic and diastolic blood pressure in patients with ren.
artery stenosis treated with revascularization or medical therapy al

A Systolic Blood Pressure
160

150 Medical therapy

140 = + %

Revascularization

Systolic Blood
Pressure (mm Hg)

130
120
[ T T T T T T T T T 1
0 6 12 18 24 30 36 42 48 54 60
Months since Randomization
Number of Patients
Revascularization 385 346 332 321 257 197 125 71
Medical therapy 388 361 350 336 264 178 124 62

B Diastolic Blood Pressure
80

Revascularization

~
w

Medical therapy

Diastolic Blood
Pressure (mm Hg)
~
o
I

65
60-
I I I I I I I I I I I
0 6 12 18 24 30 36 42 48 54 60
Number of Patients Months since Randomization
Revascularization 384 344 330 320 256 197 125 70
Medical therapy 388 361 349 335 262 178 123 63

N Engl J Med 2009;361:19%2



ASTRALRenalfunction inpatientswith renalartery stenosistreated
with revascularizatiowr medicaltherapyalone

A Reciprocal of Serum Creatinine

— 8+
E =)
2 o S 7 Revascularization
A EX
$is SN——b——73 — 7
§§E
a8d s 54 Medical therapy
v 2
(=4 — 4_
[ T T [ T T T [ T T [
0 6 12 18 24 30 36 42 48 54 60
Months since Randomization
No. of Patients
Revascularization 403 349 336 329 263 191 127 72
Medical therapy 403 363 347 343 272 183 119 6l
B Serum Creatinine
250 Medical therapy
'g ZMM :?’/ﬂj
£ ; %
%2 1504 Revascularization
r=
T8 100
s 3
‘x" 50—
0 | I I | I I | | I |
0 6 12 18 24 30 36 42 48 54 60
. Months since Randomization
No. of Patients
Revascularization 403 349 336 329 263 191 127 72
Medical therapy 403 363 347 343 272 183 119 61

N kngl J Med 2009;361:19%62



ASTRAELKaplargMeler curvesfor the time
to the first renalevents

A First Renal Event

100+
90+
80+
70-
60
50+
40-
30+ Medical therapy 22%

204 —

10- = Revascularization

"""
T T T T T |

0 1 2 3 2 5

Patients with Renal Event (%)

Years since Randomization

No. at Risk
Revascularization 403 315 236 157 99 39
Medical therapy 403 319 233 145 84 37

N EnglJ Med 2009;361:19582



ASTRALKaplargMeier curvesfor the time
to the first cardiovasculaevents

B First Cardiovascular Event
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3 = 504 Medical therapy  51%
< O 49%
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Years since Randomization
No. at Risk
Revascularization 403 278 200 133 77 33
Medical therapy 403 286 194 118 61 27

N EnglJ Med 2009;361:19582



ASTRAL
KaplargMeler curvesfor overallsurvival

1007
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60%

Overall Survival (%)

Years since Randomization

No. at Risk
Revascularization 403 337 257 178 109 46
Medical therapy =~ 403 332 248 165 96 40

N EnglJ Med 2009;361:19582



Stentplacementin patientswith atheroscleroticrenalartery stenosis
andimpairedrenalfunction¢ STARTrial

Patients assessed for eligibility
(n =185)

Excluded (n = 45)
Did not meet inclusion criteria: 6
Declined to participate: 29
Other reasons: 10

Y

Y

Patients with impaired renal
function and atherosclerotic renal
artery stenosis randomly assigned
to treatment (n = 140)

Ad A

Patients assigned to medication only (n = 76) Patients assigned to stent placement
Received allocated treatment: 76 and medication (1 = 64)
Received allocated treatment: 46

Did not receive allocated treatment: 18
Balloon angloplasty: 1
Died before stent placement: 1
Declined stent: 2
Technical failure to place stent: 2
Stenosis <50%: 12

Y A

Recelved a stent to treat refractory Lost to follow-up (n =2)
hypertension (n = 1)*
Lost to follow-up (n = 2)

A
‘ Patients analyzed (n = 62)

Y

Patients analyzed (n = 74)

BaxL et al.Ann Intern
Med. 2009:150:846348




STARTrial- Participantcharacteristicsat baseline

Characteristic
Mean age (SD), y

Men, n (%)

Vascular history, n (%)
Any vascular disease
Diabetes mellitus
Cerebrovascular disease
Heart failure
Abdominal aortic aneurysm
Peripheral arterial disease
Coronary artery disease
Current or past smoking
Current smoking

Renal function
Mean serum creatinine level (SD)
umol/L
mg/dL
Mean estimated creatinine clearance (SD), mL/min per 1.73 m?

Blood pressure
History of hypertension, n (%)
Mean systolic blood pressure (SD), mm Hg
Mean diastolic blood pressure (SD), mm Hg

Antihypertensive drugs
Mean number of drug categories (SD)
Treatment, n (%)
ACE inhibitors
Angiotensin |l-receptor antagonists

Medication Group (n = 76)
67 (9)

45 (59)

59 (78)
18 (31)
18 (31)

7(12)

9 (15)
30 (51)
32 (54)
52 (68)
15 (20)

145 (51)
1.6 (0.58)
46 (16)

73 (96)
163 (26)
82(12)
2901.0)

23 (30)
18 (24)

BaxL et al.Ann Intern Med.

Stent Group (n = 64)
66 (8)

43 (67)

54 (84)
16 (30)
15 (28)
5(9)
7(13)
26 (48)
23 (43)
46 (72)
20(31)

154 (60)
1.7 (0.68)
45 (15)

63 (98)
160 (25)
83 (13)
2.8(1.0)

21 (33)
17 (27)

2009;150:84848



STARTral- Primary andsecondaryendpoints

End Point Medication Group Stent Group Crude Hazard Ratio
(n = 74)* (n = 62)* (95% Cht
Primary end point, n (%)%
Unilateral or bilateral stenosis 16 (22) 10 (16) 0.73 (0.33-1.61)
Unilateral stenosis only 8 (20) 39 0.48 (0.13-1.81)
Bilateral stenosis only 8(23) 7 (22) 0.95 (0.34-2.61)
Secondary end points, n (%)
Therapy-refractory hypertension 3(4) 0 -
Malignant hypertension 0 0 -
Pulmonary edema 1(1) 0 -
Cardiovascular morbidity
Heart failure 34 1(2) 0.39 (0.04-3.71)
Coronary artery disease 3(4) 3(5) 1.16 (0.23-5.73)
Peripheral arterial disease 7(9) 4 (6) 0.67 (0.20-2.28)
Cerebrovascular disease 1(1) 0 -
Abdominal aortic aneurysm 0 0 -
All-cause mortality
Overall deaths 6 (8) 5(8) 0.99 (0.30-3.24)
Cardiovascular mortality 4 (5) 2(3) 0.59 (0.11-3.25)
Periprocedural mortality§ 0 203) -
Primary end point or death, n (%) 22 (30) 15 (24) 0.81 (0.42-1.56)

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

BaxL et al.Ann Intern Med. 2009:150:84848



STARTral

S ssssssii—————eeeeeeeeeeee

K]
= =
2 2
E 0.6 a 06
w [
2 2
= =2 44
—_ | 3 *
E 0.4 £
3 =
v — Stent group v
02— - Medication group 02
0.0 0.0+
: | | | T T T T T T
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Patients remaining, n Patients remaining, n
Medication group 76 68 60 57 53 Medication group 76 68 60 57 53
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Survival curves for the primary end point  Survival curves fothe primary end point plus
during 2 years ofollow-up death during 2 years dfollow-up
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STARConclusions

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

stenting

A Patients who underwent stenting experienced no clear
benefits, and several experiencedmplications, including

2 procedurerelated deaths

A In this sample, stenting 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. 2009:150:84848
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Atherosclerotic renovascular disease (ARVD) is a common
clinical condition. Fourteen percent of patients with refrac-
tory arterial hypertension over 70 years [1] and 12-16% of
those with chronic kidney disease (CKD) starting renal re-
placement therapy have renal artery stenosis (RAS) [2.3].
ARVD is frequently associated both with arterial hyperten-
sion and CKD. As ARVD is a progressive disease, deteri-
oration of kldney excretory function with potentlal CKD

P . . A T S (R [ R . S [

During the last 50 years ARVD was treated mainly by
surgical revascularization [7]. In 1978 endovascular ther-
apy was implemented for kidney revascularization [8].
Initially, it was balloon angioplasty and more recently
balloon angioplasty with stent insertion [9]. Stent inser-
tion in atherosclerotic RAS has improved the procedural
efficacy of endovascular therapy up to 98%, overcoming
the problem of elastic recoil or artery dissection and re-
duced the risk of re-stenosis (defined as over 50%) within
6-9 months from 26 to 17% [10]. Currently, there is no
evidence suggesting that drug-eluting stents will further
reduce the risk of renal artery re-stenosis. The alternative

method to renal angioplasty with stent insertion is angio-
Th o Aivannt
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PTA/OP ipatientswith atherosclerotidRAS

A UnilateralRAS of the singlddneyor bilateralRAS

A Refractoryhypertension

A Normalkidneysize

A Acutekidneyinjury after ACEl®r ABRs

A Hypertensiorinducedpulmonaryoedema
A RAS with Rl < 0,8

A Expectedongersurvivaltime



