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Atherosclerotic Renal Artery Stenosis--

What are the Facts?
|—— e

Atherosclerotic Renal Artery Stenosis

Clearly more common than previously
thought

Progressive Disorder

Associated with Coronary Artery Disease,
“Flash” pulmonary edema, unstable angina
pectoris

Can cause “difficult-to-control”
hypertension

May lead to progressive renal insufficiency

Atherosclerotic Renal Artery Stenosis
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Incidence
General Population-------------- 0.1%
Hypertension---------------------- 4.0%
Prevalence in an autopsy series
27%

In patients > 70 years, 62%

Am J Med 1964;37:14-22

Atherosclerotic Renal Artery Stenosis
Incidence of RAS in Patients with Peripheral Vascular Disease
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Reference % (Total # of Patients)
Dustan (1964) 37 (149)

Olin (1990) 39 (189)

Wilms (1990) 22 (100)

Choudri (1990) 59 (100)

Swartbol (1992) 49 (100)
Missouris (1994) 45 (127)

Scoble JE In Renal Vasc Disease 1996:143-9
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Prevalence of Bilateral Renal Artery
Stenosis
[——— - |
Reference Stenotic Bilateral Method
Arteries N N (%)
Total 549 252 (46)
Ann Inter Med 1993;118:712-9
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Renal Artery Stenosis At Time of
Coronary Arteriography
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Patients, %
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Maximal Renal Artery Stenosis, %
Mayo Clin Proc 2002;77:309-16

Prevalence of Renal Artery Stenosis--
The Duke University Experience
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1302 of 1651 patients underwent
coronary arteriography with abdominal
aortography

1235 (95%) of the aortograms were
technically adequate

Incidence of Renal Artery Stenosis
30 %
—15 % < 50% stenosis
—15 % > 50% stenosis




Natural History of
Renal Artery Stenosis
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ALL longitudinal natural history studies
have demonstrated PROGRESSION of
stenosis

Progression of Renal Artery Stenosis-
The Duke University Experience
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Prevalence of RAS during first
aortogram (n=1189)

8.5%

— Significant RAS
2.8%

Prevalence of RAS during follow-up
aortogram
24%

— Significant RAS
13.5%

Natural History of Renal
Artery Stenosis
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Reference F/U Mos. Patients Progressio n  Total
N (%) Occlusion

Total 237 116(49) 28(14)
Ann Intern Med 1993;118:712-9
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Clinical Consequence of
Atherosclerotic Renal Artery Stenosis
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Cardiovascular
Angina Pectoris
‘Flash’ Pulmonary Edema
Myocardial Infarction
Left Ventricular Hypertrophy
Stroke
Aortic Dissection

Cardiovascular Impact of
Renal Artery Stenosis
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1305 patients all undergoing coronary
arteriography and abdominal
aortography simultaneously

4 year follow-up

Overall 4 year mortality
17.1%

Conlon, Duke University, 1998

Cardiovascular Impact of Renal
Artery Stenosis
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Event NoRAS RAS p Value
M 13.8% 41.0% <0.01
PTCA 7.4% 26.3% <0.01
CABG 25.7% 32.0% <0.01

Colon, Duke University 1998
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Clinical Consequence of

Atherosclerotic Renal Artery Stenosis
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Renal
Chronic Renal Insufficiency
End-Stage Renal Disease

Mortality in ESRD Attributed to RAS
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Primary Cause of ESRD in patients
starting dialysis 1991-1997

Incidence of RAS-ESRD*

Increased from 2.9/million/year
(1.4% of new ESRD cases) in 1991 to

6.1/million/year (2.1%) in 1997

*US Renal Data Survey

Am J Kidney Dis 2001;37:1184-90

Mortality in ESRD Attributed to RAS
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. |Most Common Cause of ESRD Since 199"!

Ir

Am J Kidney Dis 2001;37:1184-90

%

Annual Increase in Incidence
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The Key in Renal Artery Disease...
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You Must Make The Diagnosis!

Clinical Clues to Suggest Diagnosis
of Renal Artery Stenosis

| s |

Onset of diastolic hypertension
after age 55

Exacerbation of previously well
controlled hypertension

Malignant hypertension
‘Resistant’ hypertension
Epigastric bruit (systolic/diastolic)

Clinical Clues to Suggest Diagnosis
of Renal Artery Stenosis
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Unexplained azotemia

Azotemia during therapy with ACE
inhibitor

Atrophic kidney, or discrepancy in renal
size

Atherosclerosis elsewhere

Abdominal aortic, aortoiliac,
femoropopliteal ASO with hypertension
and/or renal insufficiency




Diagnostic Tests for
Renal Artery Stenosis
| |
Rapid Sequence IVP

Radionuclide Imaging
Without/With ACE Inhibitor

Plasma Renin Activity

Renal Artery Duplex Ultrasonography
Renal Vein Renin Ratios

Magnetic Resonance Arteriography
Computerized Helical CT Scan
Digital Subtraction Arteriography

Renal Artery Duplex Ultrasonography
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Endovascular Therapy for
Renal Artery Stenosis

PTRA/Stent has supplanted surgery as the initial
revascularization option of choice

The remaining question is
When does this actually help the patient?

—What level of renal insufficiency is too
advanced?

—Can we truly PREVENT end-stage renal
failure?
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Open Artery Hypothesis
(What have we learned?)

A Review of Renal Artery Stenting
in Ten Studies**

10 published series of renal artery stenting
379 patients, 416 renal arteries
Mean Age 64 years (56% male)
97% of stenoses due to atherosclerosis
80% ostial in location
31% with bilateral renal artery stenosis
Technical success
96-100%
Restenosis rate within 6-12 months of procedure
16%

**QJM 1999;92:159-67




A Review of Renal Artery Stenting
in Ten Studies

CO

QJM 1999;92:159-67
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Atherosclerotic Renal Artery Stenosis--
What we currently accept:

Atherosclerotic Renal Artery Stenosis
Clearly more common than previously thought
Progressive disorder

Associated with CAD, “Flash” pulmonary
edema, unstable angina pectoris

Can cause “difficult-to-control” hypertension
May lead to progressive renal insufficiency
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Multicenter Renal Artery Stent Registry

1058 patients from 7 institutions
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1990-1997 No Procedural Deaths Within
515 Men/543 Women 30 Days!

Mean Age 69 + 10
Blood Pressure: 168 + 27/84 + 15 mm Hg
All with Renal Artery Stenosis
64% unilateral/36% bilateral
Indications for revascularization
85%---Hypertension
59%---Preservation of Renal Function
15%---Recurrent Pulmonary Edema
Dorros G, Jaff M. CCI 2002;55:182-188

Multicenter Renal Artery Stent Registry

P<0.05
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Dorros G, Jaff M. CCI 2002;55:182-188

Multicenter Renal Artery Stent Registry
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Dorros G, Jaff M. CCI 2002;55:182-188
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Atherosclerotic Renal Artery Stenosis--
Who Should Be Treated with Intervention?
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Atherosclerotic Renal Artery Stenosis--
Who Should Be Revascularized?

Dialysis-dependent Renal Failure with
> 75% renal artery stenosis to entire
functioning renal mass
— Bilateral RAS
—RAS to Solitary Functioning Kidney
Rapid decline in renal function in the 14
weeks prior to starting dialysis is
FAVORABLE prognostic sign for recovery
of renal function (Hansen, 1995)

Atherosclerotic Renal Artery Stenosis--
Who Should Be Revascularized?

Chronic Renal Insufficiency without
Systemic/Parenchymal Etiology and
>75% RAS to Entire Functioning Renal
Mass

? Entry Level Serum Creatinine
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Renal Artery Stenting in CRI

146 patients with Renal Insufficiency
All arteriograms performed with CO, and/or
Gadolinium
Definition of RAS: >50% stenosis and/or
translesional gradient >20 mmHg

All patients with Serum Creatinine

>1.5 mg/dL

Matsumoto, A. Abstact ISET, 2003
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Renal Artery Stenting in CRI

| Impact on Renal Functionl

ﬂ

Matsumoto, A. Presented at ISET, Miami, Floridaukag 2003

Percent Change

Renal Artery Stenting in CRI

Dialysis and Mortality
60.5% Dialysis-Free Survival

Mortality 24%

Hemodialysis AND Mortality 7.5%

Matsumoto, A. Abstract at ISET, 2003

13



Renal Artery Stenting in CRI

Predictors of Improvement

Degree of Baseline Stenosis (p=0.002)

Stent vs PTRA Alone (p=0.014)

Balloon >6 mm (p=0.025)

Baseline Impairment in Creat (p=0.012)
Non-Predictors

Renal Size

Global Ischemia

Diabetes Mellitus

Gender Matsumoto, A. Presented at ISET, Miami, Florida Jap2803
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Effect of Renal Artery Stenting on
Renal Function and Size

25 patients with bilateral renal artery stenosis
or renal artery stenosis to a solitary
functioning kidney

Mean follow-up 20+11 months

Slope of the reciprocal of the serum creatinine
became positive in 18 (72%) of the patients
and less negative in the remaining 7 (28%)
patients.

Progressive renal atrophy was seen in only
7.3%

Watson PS et. Al. Circulation 2000;102:1671-1677

Atherosclerotic Renal Artery Stenosis--
Who Should Be Revascularized?

Refractory/Resistant Hypertension and
Unilateral/Bilateral >75% RAS

Expect decrease in number of
antihypertensive medications required

Easier to control blood pressure

Unlikely to “Cure” hypertension
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Predictors of Cure of Hypertension after
Renal Artery Revascularization

Surgical Predictors
Duration of Hypertension
<5 years
Renal Size > 8 cm
Late Phase Nephrogram
on Arteriography
Late Reconstitution of
Renal Artery on
Arteriography
Back Bleeding at time of
Surgery

Endovascular
Predictors

Duration of
Hypertension
<10 years

Male sex

Level of pre-
intervention

DBP > 80 mmHg
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>5 intact glomeruli on

renal biopsy
South Med J 1996;89:679-83

Atherosclerotic Renal Artery Stenosis--
Who Should Be Revascularized?

Recurrent “Flash” Pulmonary
Edema/Unstable Angina Pectoris and
>75% RAS to Entire Functioning
Renal Mass

Bilateral
RAS to Solitary Functioning Kidney

Recurrent “Flash” Pulmonary Edema and
Renal Artery Stenosis

Abrupt onset of pulmonary edema in the
absence of significant coronary artery
disease

Rapid resolution in most cases

Severe hypertension with bilateral renal
artery stenosis or unilateral renal artery
stenosis to a solitary functioning kidney

Am J Kid Dis 1993;21:328
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Recurrent “Flash” Pulmonary Edema
and Renal Artery Stenosis

Postulated Mechanisms

ﬁBlOOd Pressure ﬂPressure N\a(riuresis

\
\
\
\

Direct Effects Upon Myocardium Salt/H,0
Retention
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Renal Artery Stent Placement in Patients with
Unstable Angina Pectoris or CHF

48 patients with recurrent angina pectoris or
congestive heart failure, all with resistant
hypertension and renal artery stenosis

All revascularized with PTRA/Stent
Follow-up for mean of 8.4 + 6.4 months
60% of UA patients had bilateral RAS
72% of CHF patients had bilateral RAS
88% of patients with clinical improvement
At follow-up, 72% of UA patients improved
At follow-up, 73% of CHF patients improved

Am J Cardiol 1997;80:363-6

Atherosclerotic Renal Artery Stenosis--
Who Should Be Revascularized?

Unilateral Renal Artery Stenosis with
Normal / Well Controlled Hypertension,
Normal Renal Function

Observe

Revascularize
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Incidental Finding of Renal Artery
Stenosis--What is the Impact?

69 Patients with incidental discovery of
RAS

Mean Age 71 years
Follow-up for 39 months
RAS defined as >75% in all patients
No renal artery revascularization for
AT LEAST 6 MONTHS

Chabova, Mayo Clinic, 1998
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Incidental Finding of Renal Artery
Stenosis—What is the Impact?

Variable Pre- Fadleow-Wip PXaie
Angiography

Chabova, Mayo Clinic 1998

Incidental Finding of Renal Artery
Stenosis--What is the Impact?

8.2 % of patients underwent renal
revascularization later...

8.7 % of patients developed End Stage
Renal Disease (NONE due to
progressive RAS!)

Mortality rate
29%--mean age at death--79 years

Chabova, Mayo Clinic, 1998

17



Incidentally Discovered Atherosclerotic
Renal Artery Stenosis

“Knowing the patient has renal artery stenosis
tempts the interventionalist to stent the renal artery

in the absence of valid indications”
Olin
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Case Selection Criteria for Intervention in
Atherosclerotic Renal Artery Stenosis

What are the risks?
Endovascular revascularization
Medical therapy

What is the status of the patient?
How much can really be gained?

Complications of Renal Revascularization
Tabulation and Reporting Issues

Uniform reporting standards for outcomes and complications
non-existent

No universally agreed-upon/standardized definitions of what
constitutes major and minor adverse clinical events

Time frame for relating complications/outcomes to initial procedure
not well-delineated
— Renal failure

— Cholesterol embolization

Absence of national data bank or accepted benchmarks
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This is NOT a Case for the Inexperienced!
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Renal Artery Stenting: Complications

Death
Blum '97 no major
Harden '97 19% 1
Boisclair '97 20%
lannone '96 34% 1
Henry '96 3%
Dorros 95 11%
MacLoed '95 16+% 1
Rees '91 18% 1

ASPIRE 2 Safety Measures (to 9 months)
Major Adverse Events*

Death
Q-Wave MI
CVA

TLR

0.5% (1/201)
0%

0%

5% (5/201)

Major bleeding events
Major vascular events
Significant Embolization

i
$ %é&

1.5% (3/201)
5% (10/201)
5% (10/201)
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Atheroembolism During PTRA

More common than appreciated or
acknowledged...may be quite subtle

May take weeks to recognize
follow-up essential
Often unpredictable and unavoidable
...BUT...

Incidence clearly physician-dependent, and can be
minimized by advance planning, careful technique,
and attention to detail
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PTRA/Stenting with
Distal Protection Devices

N =28
32 renal arteries (29 ostial)
Guardwire protection in all cases
Visible debris was aspirated from all patients
Mean follow-up: 6.7 months
No worsening of renal function
No worsening hypertension

Henry et al. J Endovasc Ther 2001 8(3):227-37

Henry et al. J Endovasc Ther 2001 8(3):227-37
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Reported Restenosis Rates

Macleod 11.4%
(J. Hypertension 1995;13:1791-95)
Van de Ver 13%
(Lancet 1995;346:672-74)
lannone 14%
(Cath of CV Dig. 1996;37:243-50)
Blum 11%
(NEJM 1997;336(7):459-65)
Harden 13%
(Lancet 1992;349:1133-36)

| Articulated stent range 25-39% |
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What Does The Future Hold?

Continued FDA approval of stents for renal artery
revascularization

Continued explosion of renal artery endovascular
intervention throughout the world

NIH sponsored trial comparing appropriate medical
therapy vs renal artery stenting in hypertensive
patients

Rational for Coral Trial

Angioplasty has been compared to medical
therapy

Stenting has been compared to balloon
angioplasty

..BUT...

Stenting has not been compared to current best
medical therapy
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Case Selection Criteria for Intervention in
Atherosclerotic Renal Artery Stenosis

What is/are the indication(s) ?
Resistant/Refractory hypertension
Renal Insufficiency

— ?Dialysis Dependent

Recurrent Pulmonary Edema/Angina
Pectoris

Decreasing renal size on serial objective
examinations
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Renal Interventions:
What We Have Learned?

Post PTRA/Stent deterioration of renal function
occurs in a subset of patients (22% - 33%)

Atheroembolism has been implicated as a
precipitating factor for this complication

Renal atheroembolic disease is associated with
increased mortality

Distal protection devices have been shown
indispensable for carotid interventions and hold
promise for renal intervention

Renal Interventions:
What We Have Not Yet Learned?

Are the Clinical Criteria for
Revascularization Appropriate?
What are the Predictors for Optimal
Patient Selection?

Is there Value in Prophylactic
Revascularization in Patients without
Specific Clinical Manifestations?
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