Treatment of atherosclerotic renal artery stenosis

Renal artery stenosis (RAS) is an important cause of secondary hypertension. Atherosclerosis remains the
leading cause of RAS. RAS leads to reduced renal perfusion pressure and subsequent elevation of
neurohormones that accelerate hypertension, congestive heart failure and ischemic nephropathy. Patients
with RAS have a low incidence of progressive renal artery occlusion and deterioration of renal function
requiring renal replacement therapy. However, patients with RAS have high mortality compared with
other patients. This is caused by comorbidities of cerebrovascular disease and coronary artery disease,
resulting in stroke and myocardial infarction. The mainstay of treatment for RAS involves maximal medical
treatment of atherosclerosis. Renal artery revascularization in patients with significant RAS is recommended
for those individuals with uncontrolled hypertensions receiving multiple antihypertensives, and those with
flash pulmonary edema, unexplained angina and progressive renal function deterioration. The results of
renal artery stenosis revascularization continue to be debatable. The most promising results of renal artery
revascularization are noted in hypertension control. Prospective randomized clinical trials, such as the
Cardiovascular Outcomes of Renal Artery Atherosclerotic Lesions (CORAL) trial, will hopefully settle the
debate of medical treatment versus renal artery stenting for patients with RAS.
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Renal artery stenosis (RAS) is a cause of hyper-
tension and is noted in 1-6% of hypertensive
patients [1]. Atherosclerotic disease is the lead-
ing cause of RAS and incidental RAS dur-
ing coronary angiography is seen in 36% of
patients with coronary artery disease [2]. The
comorbidities of atherosclerosis, such as hyper-
tension, coronary artery disease, peripheral arte-
rial disease and stroke are well documented in
patients with RAS [3]. Fibromuscular dysplasia
and vasculitis are the leading nonatherosclerotic
causes of RAS [4]. Nonatherosclerotic diseases
may account for 60% of RAS cases in India
and the Far East [5]. Hansen e /. carried out
a population-based study of RAS prevalence in
patients older than 65 years. RAS was present
in 6.8% of this cohort and demonstrated an
association with age, elevated lipid levels and
systolic blood pressure, and no difference in
terms of ethnicity [6].

Natural history

Despite the controversies, RAS is associated
with increased cardiovascular morbidity and
mortality. One study shows unsuspected
RAS to be 24% in patients aged 45-75 years
with renal insufficiency (serum creatinine
>2.00 mg%) [7]. In patients over 50 years of
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age with end-stage renal artery disease, RAS
was found in 50% of patients [8]. The pro-
gression of RAS ranges from 17-63% and
occlusion was seen in 8-16% of patients at
5 years [9]. Angiographic follow up of patients
with RAS with coronary artery disease in
14,152 patients demonstrated significant
progression in 11.1% [10]. RAS in 29 kidneys
monitored for 33 months by Caps ez a/. show
frequent progression, but occlusion occurred in
only 3% (11). The factors predicting progression
were greater than 60% RAS, elevated systolic
blood pressure and diabetes mellitus [11]. The
wait and see approach for patients with RAS
may lead to dialysis as demonstrated by Scoble
in 1995 12) and Fehr in 2003 [13].

In 3987 patients undergoing abdominal
angiography in a study by Conlon ez al., the
4-year survival was 89% in those without RAS,
but only 57% in individuals with RAS. There
was a graded effect of RAS on survival, with
those having stenosis greater than 75% having
lower survival than those with greater than 50%
RAS [14]. There is no clear correlation between
glomerular filtration rate and the extent of
RAS [15]. However, a high mortality is noted
in this specific subset of atherosclerotic RAS
(ARAS) and renal insufficiency.
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Pathophysiology of RAS in relation to
hypertension & ischemic nephropathy
The risk factors of atherosclerosis in the vas-
cular bed, such as tobacco use, hypertension,
lipid abnormalities, hyperhomocysteinema,
cigarette smoking and diabetes mellitus, leads
to endothelial injury [16]. The infiltration of
lipid-laden macrophages at the site of endothelial
injury further leads to plaque development
and RAS.

Chade ez al. from the Mayo clinic (USA) had
demonstrated that hypercholesterolemia plays a
distinct detrimental role on renal function and
structure 2z vivo and in vitro in individuals with
RAS [16]. Oxidative stress along with inflamma-
tory and growth changes were seen at the tubular
and glomerular level.

Goldblatt demonstrated in 1934 that reno-
vascular hypertension is secondary to the acti-
vation of the renin—angiotensin—aldosterone
pathway [17]. Renal artery occlusion leads to
ischemia, which triggers the release of renin.
Renin facilitates the conversion of angioten-
sin I to angiotensin II, which leads to vasocon-
striction and the release of aldosterone. The
volume changes and the rennin—angiotensin
system blockade depend on the presence of a
functioning kidney (TaBLE 1, FIGURE 1).

There are three successive stages in reno-
vascular hypertension and renal ischemia which
are described here [101]:
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Figure 1. The renin—angiotensin-aldosterone pathway.
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RAS leads to increase in serum renin levels
and blood pressure remains elevated for the
first few weeks. If the contralateral kidney is
functioning, intravascular volume remains
unchanged and renin levels continue to be
high. The stenotic kidney retains salt in
response to elevated production of renin. The
relatively normal kidney continues to excrete
sodium and water and maintains normal
volume levels;

If the stenotic renal artery occludes, the sol-
itary ischemic kidney retains salt and water,
together with angiotensin II, via the vaso-
pressor effect, and maintains the renal perfu-
sion pressure. The stimulus to maintain
renin levels is lost and angiotensin does not
play a role in sustaining hypertension. The
continued volume expansion leads to eleva-
tion of hypertension and maintains the renal
perfusion pressure;

Theoretically, if RAS is diagnosed during
these first two stages, restoring the flow by
renal artery revascularization (RAR) can
return the renal perfusion to baseline. Thus,
elevated blood pressure should return to nor-
mal levels. In the final or third phase of reno-
vascular hypertension, elevated blood pres-
sure persists despite restoration or flow to the
renal artery. This is secondary to irreversible
vascular and renal parenchyma damage. This
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Table 1. Renal artery stenosis pathophysiology for solitary and bilateral

functioning kidney.
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concept of irreversible damage was demon-
strated by histology in both stenotic and non-
stenotic kidneys [16]. The nonstenotic kidney
is damaged by hypertensive nephrosclerosis,
recurrent ischemia, oxidative stress, cytokines
such as TNF and interstitial fibrosis.

Thus, the benefit of RAR is questioned, espe-
cially if renovascular hypertension is in the third
stage. At present there is no simple predictor to
diagnose the exact stage of renovascular hyperten-
sion to determine definite success following RAR.

Diagnosis of RAS

The various tests to diagnose RAS in conjunc-
tion with history and physical examination are
doppler ultrasound, captopril scan, magnetic
resonance angiogram, CT scan and conventional
angiography. The initial test should be Doppler
ultrasound, which is a safe, cost-effective and
noninvasive test compared with magnetic reson-
ance angiogram [18]. When various modalities
are compared, conventional renal artery angi-
ography with digital subtraction angiography is
considered to be the gold standard.

The imaging modalities for RAS in patients
with suspected renovascular hypertension
compared in a prospective comparison among
Doppler ultrasound, CT angiography, magnetic
resonance angiogram and digital subtraction
angiography are depicted in Tasie2. It is impor-
tant to note that the sensitivity and specificity
for conventional digital subtraction angiography
are 100% cach, respectively.

Treatment of RAS

Atherosclerotic renal artery stenosis should be
first treated with risk factor reduction similar
to atherosclerotic lesions in other vascular beds
(19.20]. The goal is to treat the patient as a vascu-
lar disease patient and prevent the comorbidities
of myocardial infarction, stroke and peripheral
arterial disease. RAS patients need thorough
evaluation of co-existing cardiovascular diseases
mentioned above. An extensive vascular evalua-
tion should include review of systems to evalu-
ate history of stroke, claudication and angina.
Physical examinations should be focused on
auscultation for carotid bruit, examination for
abdominal aorta for aneurysm and peripheral
pulses. The additional noninvasive tests based
on history and physical examination should
be carotid duplex examination, ankle brachial
index and duplex ultrasound of the aorta [21].

RAS with hypertension &/or ischemic
nephropathy

Patients with ARAS, in addition to aggressive risk
factor modification, can be treated similarly to
those with essential hypertension. Continuation
of antihypertensive agents is prudent even after
RAR for atherosclerotic RAS, specifically for
those with ischemic nephropathy. These patients
will rarely have ‘hypertension cure’ post-RAR.
The subgroup of ischemic nephropathy among
atherosclerotic RAS carries a dismal prognosis.
A subgroup of 83 patients among 683 dialy-
sis patients had concomitant ARAS and the
survival at 10 years was 5% [22]. The use of
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Table 2. Comparison of specificity, sensitivity, positive and negative predictive value for color Doppler

ultrasound, CTA and MRA for renal artery stenosis.

Modality Sensitivity (%) Specificity (%) Positive predictive
value (%)

Color Doppler ultrasound 75 89.6 60

CTA 94 93 71

Gadolinium-enhanced MRA 90 94.1 75

CTA: Computerized tomography angiography; MRA: Magnetic resonance angiogram.

Data from [40].

Negative predictive
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angiotensin-converting enzyme (ACE) inhibi-
tors in patients with bilateral RAS or RAS in a
solitary kidney can lead to a reversible decline in
renal function, especially after unexpected dehy-
dration in older patients with congestive heart
failure [23.24]. The renin—angiotensin system is
the main controller of intravascular volume. In
patients with essential hypertension, the renal
vascular tone is elevated and ACE inhibitors can
augment the renal blood flow. This results in
salt and water excretion and reduction of blood
pressure. In patients with RAS, the angiotensin-
mediated mechanism can improve afferent arte-
riolar dilatation and increase postglomerular
resistance. Suppression of such angiotensin in
bilateral RAS or RAS with solitary kidney leads
to reduction of glomerular filtration and can
induce renal failure [25].

In the HOPE trial, ACE-inhibitors used in
essential hypertension have shown cardiovascu-
lar benefits beyond blood pressure control [26].
The HOPE trial demonstrated that ramipril at
5 years significantly reduced the rates of death,
myocardial infarction and stroke in high-risk
patients. Long-term follow up at more than
5 years for patients with RAS treated with ACE
inhibitors demonstrated lower mortality rates
and improved survival [27].

Renal artery revascularization

Renal artery revascularization should be car-
ried out for limited indications as described
in Box 1. The role for renal revascularization
should always be considered in conjunction with
optimal medical treatment.

W Surgical revascularization
Several surgical procedures have been adopted
for the revascularization of RAS. The various
techniques available are shown in Box2.
Despite the safety of surgical revasculariza-
tion, the outcomes of the renal artery after sur-
gery show only marginal benefit [28]. Recovery
of renal function was demonstrated 3 years
after surgical revascularization in 25-30%
of 308 patients with impaired renal function
and RAS. Loss of renal function was seen in

19-25% and the remainder had no change in
renal function. High-volume academic cen-
ters have demonstrated the safety of surgery
for RAS. The mortality rate was 5.6% in a
series of 323 patients who underwent surgi-
cal revascularization for RAS over a period
of 15 years [29]. However, a recent analysis of
nationwide outcome of renal artery bypass graft
surgery demonstrated an astonishing mortality
rate of 10% [30].

® Percutaneous RAR

Initial experience with renal artery angioplasty
was described by Gruntzig ez al. in 1977 [31].
The last three decades have witnessed thousands
of percutaneous renal artery revascularizations
(PTRAs) performed worldwide. There are only
a handful of prospective randomized trials on
PTRA versus medical treatment, and the results
are mostly contradictory. A study of primary
renal artery stenting by Lederman ez a/. found
that a majority of patients with hypertension or
renal insufficiency benefit from revasculariza-
tion and stenting [32]. Webster ez a/. randomized
55 patients with RAS and hypertension. Modest
improvement of hypertension was noted in the
RAS group compared with medical treatment [33).
Plouin et al. randomized 49 patients to medical
treatment (n = 26) versus renal artery percuta-
neous angioplasty (n = 23) and found minimal
improvements in blood pressure at 6 months [34].
Van Jaarsveld ef al. randomized 106 patients
with atherosclerotic RAS with hypertension to
percutaneous renal artery angioplasty/stent or
medical therapy [35]. The study concluded that
angioplasty has minimal advantage over medi-
cal treatment. As the controversy of the role of
percutaneous angioplasty/stenting for RAS con-
tinued to evolve, so did the innovative treatment
options for percutaneous vascular interventions.
The GREAT trial evaluated the role of bare metal
stents versus drug-eluting stents in the renal arter-
ies. Despite a blood pressure improvement in both
arms, there was no difference in the angiographic
outcomes in terms of restenosis, target vessel
revascularization, worsening of renal function
and major adverse events [36].

Box 1. Indications for renal artery revascularizations are renal artery stenosis with

the following four conditions.

= Uncontrolled hypertension despite low salt diet, exercise and three antihypertensives.

= Recurrent pulmonary edema.

= Progressive renal insufficiency in a patient with serum creatinine.
= Angina out of proportion to the degree of coronary artery disease.

Adapted from [41].
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Box 2. Types of surgical revascularization for renal artery stenosis.

= Aorta renal bypass with saphenous vein or internal iliac artery or prosthetic grafts.

= Spleen-renal or hepatic—renal bypass.
= Renal artery endarterectomy.
| Adapted from [42].

Cooper et al. elegantly demonstrated the ben-
efit of glycoprotein IIb/II1a inhibitor with distal
protection in patients who undergo renal artery
stenting (37]. However, there was a decline in the
glomerular filtration rate with stenting alone, stent
with abciximab and stent with distal protection.

The latest argument against renal artery stent-
ing comes from the Angioplasty and Stent for
Renal Artery Lesions (ASTRAL) study presented
at the American College of Cardiology Annual
Sessions in April 2008. ASTRAL randomized
403 patients each to medical treatment versus
PTRA over 7 years [38]. Cardiovascular mortal-
ity was seen in 7.4% of the PTRA group and
8.2% of the medically treated group (p = not
significant). Hospital admissions for conges-
tive heart failure occurred in 12% of the PTRA
group and 14% of the medically treated group
(p = not significant). There was no statistically
significant difference in renal function, blood
pressure, time to first renal event or overall vas-
cular event. Thus, the role of revascularization
in patients with atherosclerotic RAS continues
to be questionable.

The NIH-funded Cardiovascular Outcomes
of Renal Artery Lesions (CORAL) trial is ongo-
ing. A total of 1080 patients with atheroscle-
rotic RAS are being enrolled at 100 sites in the
USA and worldwide. The inclusion criteria are

greater than 60% angiographically determined
RAS with hypertension requiring two or more
antihypertensive medications or glomerular fil-
tration rate less than 60. The patients will be
prospectively randomized to optimal medical
treatment versus optimal medical treatment
plus renal artery stenting. The optimal medical
treatment will include use of ACE inhibitors and
aspirin in all patients and the guideline-driven
treatment of blood pressure, low-density lipo-
proteins and Hbalc. All patients will be advised
regarding smoking cessation and exercise. The
primary outcomes at 5 years will be cardiac or
renal death, stroke and myocardial infarction,
hospital admission for heart failure, progressive
renal failure and hemodialysis.

We believe that the CORAL trial will provide
more answers to the dilemmas and controversies
of renal artery stenting [39].
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Executive summary

medical therapy versus stents for RAS.

= Renal artery stenosis (RAS) is an important cause of secondary hypertension.

= Patients with renal artery stenosis carry a high morbidity and mortality at 5 years.

= Stroke and myocardial infarction continues to be the main comorbidities leading to increased mortality in patients with RAS.

= The clinical manifestations of RAS include uncontrolled hypertension, congestive heart failure, progressive renal dysfunction and angina.

= RAS can diagnosed easily with duplex ultrasound, CT scan or MRI, and the gold standard continues to be renal artery arteriography.

= The pivotal treatment option for patients with RAS is maximizing medical treatment.

= The role of renal artery revascularization with stenting is controversial owing to limited benefits and potential adverse effects such as
plaque embolization and contrast-induced nephropathy.

= Cardiovascular Outcomes of Renal Artery Atherosclerotic Lesions (CORAL) is an ongoing clinical trial to determine the role of maximal
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