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Abstract

Atherosclerotic renovascular disease (ARVD) is a common condition in both elderly patients and those with other vascu-
lar disease. No published randomized controlled trial has demonstrated an overall benefit of revascularization on any
clinical or biochemical end-point, and optimal medical therapy in this condition is not clearly defined. In this review we
consider the epidemiology of ARVD and discuss the evidence for current medical treatment. We also address the litera-
ture on revascularization, consider settings in which an interventional approach may still be considered, and touch upon

on-going areas of research.
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Introduction

Renovascular disease encompasses a spectrum of
pathologies of which atheromatous renovascular disease
(ARVD) is the most common manifestation. ARVD is
often a silent disease, which can be under-recognized
in the general population. In cases where signs or
symptoms are detected, hypertension is the most
common presentation. Despite its frequently indolent
presentation, the prognostic implications of ARVD
can be severe, with significant increases in cardiovas-
cular mortality and morbidity related to the disease
and associated abnormalities in other arterial trees.

Since the early 1980s, percutaneous techniques
for renal artery revascularization have evolved and
almost entirely replaced the surgical techniques pio-
neered in the late 1950s. Despite high rates of tech-
nical success, benefits of these procedures at a
population level have not been demonstrated in a
randomized controlled trial (RCT).

In this review we present an overview of the epi-
demiology of ARVD and then discuss diagnostic and
treatment options.

Epidemiology

In the Western world renal artery stenosis (RAS) is
largely atheromatous in nature, with around 10% of
cases due to fibromuscular disease. This contrasts
with the Far East and Indian subcontinent, where
up to 60% of reported cases are secondary to vascu-
litis (1). The appellation ARVD has been adopted to
provide a distinction from these non-atheromatous
causes and to provide descriptive accuracy for both
partial and complete occlusions.

Population studies using ultrasound screening in
asymptomatic adults aged over 65 years (mean blood
pressure 135/72 mmHg) demonstrate a 7% disease
prevalence (2), with an annual incidence of 0.5% per
annum described in analyses of Medicare claims
data (1999-2001) for a comparable population (3).
Race does not appear to affect disease prevalence
(4). For patients with a history of coronary artery
disease, congestive heart failure (CHF), or periph-
eral vascular disease (PVD), which are enriched
populations of vascular disease, prevalence of ARVD
can rise to 30%-40% (5-7). Whilst United States
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Key messages

e Renal artery revascularization does not have
a routine place in the management of ath-
erosclerotic renovascular disease (ARVD).

e Medical managements of patients with
ARVD should include angiotensin blockade
and statin therapy as first-line treatment.

e In selected clinical settings, e.g. flash pulmo-
nary edema, consideration for revasculariza-
tion may be appropriate.

Medicare claims data show a rise in the rate of
diagnosis of ARVD between 1992 and 2004 (8),
subsequent US Renal Data System (USRDS) data
(2004-2009) have described a progressive fall in inci-
dent (1.7% to 1.3%) and prevalent (1% to 0.7%) rates
of end-stage renal disease secondary to ARVD (9).

Despite strong associations with other vascular
pathologies, traditional atherosclerotic risk factors
such as smoking and diabetes mellitus may not exert
the same influence in ARVD. A single-centre study
comparing 249 age- and gender-matched patients
investigated for ARVD did not demonstrate a sig-
nificant difference in smoking status or diabetes
prevalence between patients found to have ARVD
and those with normal renal vessels (10). In these
data 68% of ARVD patients had a positive smoking
history compared to 55% of non-ARVD patients
(diabetes 28% versus 25%). Another study has also
shown reduced smoking rates in ARVD patients
compared to age- and renal function-matched con-
trols (11). However, information surrounding diabe-
tes and ARVD is less consistent, with reports of
increased prevalence of diabetes in ARVD patients
compared to the general population (12). These data
are based on Medicare claims, and as such level of
renal function was not considered between groups.
Whether or not smoking and diabetes are implicated
in the development of ARVD, their potential effects
on prognosis should not be discounted.

Renovascular disease and hypertension

Although patients with ARVD usually have hyper-
tension, the latter may be the cause of the ARVD
rather than always being secondary to stimulation of
the renin angiotensin aldosterone system (RAAS)
due to organ hypoperfusion. A recent series of 62
biopsies from patients with >75% RAS who under-
went nephrectomy for resistant hypertension (13)
may offer an insight. Here 50% of samples had evi-
dence of intra-renal atherosclerotic disease IRAVD),
and 50% had evidence of intra-renal hypertensive
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vessel disease (IRHVD) in addition to IRAVD. Pres-
ence of IRHVD was associated with a significantly
higher burden of glomerulosclerosis (but not related
to blood pressure or age-adjusted serum creatinine).
This disparity may potentially signal differences in
the natural histories of these patients’ diseases. There
were no histological features ‘unique’ to RAS.

There are no data specifically describing how many
hypertensive patients in the general population have
ARVD. Figures of 1% in the general population, rising
to 5% in hospitalized patients have been suggested
(14) but are difficult to substantiate. More specific
data are available when targeted patients groups are
considered. In Germany, 161 patients presenting with
severe hypertension (>180 mmHg systolic and/or
>100 mmHg diastolic) to an emergency room were
screened for secondary causes of elevated blood pres-
sure; using duplex ultrasound, a significant RAS
(defined as maximal renal artery flow =200 cm/hour)
was found in 8.1% of patients (15). Specific studies
assessing young hypertensive patients or patients with
abdominal bruits show a pooled prevalence of 14%
for RAS (though a few of these patients have fibro-
muscular disease (FMD) not ARVD), rising to 20%
in hypertensive diabetic patients (12).

Other clinical presentations of ARVD

Flash pulmonary edema (FPE), rapid loss of renal
function, and acute kidney injury (AKI) are other
recognized manifestations/presentations of ARVD.
In our local database of over 1000 ARVD patients,
evidence of presentation with FPE prior to diagnosis
of ARVD can be found in approximately 7% of
patients (16). Arterial disease in this setting is invari-
ably bilateral or affecting a single functioning kidney.
In RAS, excess aldosterone secretion secondary to
renal hypoperfusion results in increased vascular per-
meability and salt/water retention (17). If the contral-
ateral kidney is not diseased, it can reduce its renin
secretion in response to elevations in aldosterone lev-
els to prevent volume overload. In bilateral disease this
response does not exist, and the resulting volume
expansion, in combination with the left ventricular
hypertrophy (18) and increased vascular stiffness (19)
found in chronic kidney disease (CKD), leads to the
dramatic decompensation that characterizes FPE.
Exact data on rates of AKI or rapid loss of func-
tion in ARVD are more challenging to estimate.
Indeed, what constitutes rapid loss of function is ill-
defined. Many patients do not have laboratory results
available prior to diagnosis, making estimation of
overall rates of loss of function difficult. When ARVD
presents with AKI it is invariably in the presence of
significant bilateral disease or a stenosis to a single
functioning kidney (20,21). Anuric presentations of
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ARVD result from acute parenchymal ischaemic
injury and happen when occlusions occur before the
development of a collateral circulation (22). In a
chronic setting, where renal blood flow has fallen
beneath the level at which autoregulation can pre-
serve glomerular perfusion, a collateral circulation
(e.g. from lumbar vessels) develops to maintain
parenchymal viability. Where an additional insult
further reduces perfusion, the collateral circulation
cannot compensate, and AKI develops.

Many patients with significant RAS are first
‘uncovered’ by an acute fall in GFR in association
with initiation of RAAS blockade with either angio-
tensin-converting enzyme inhibitors (ACE-i) or angio-
tensin receptor blockers (ARB). This is recognized
in those with bilateral significant disease, or RAS to
a solitary functioning kidney, but in the setting of
unilateral RAS with a normally functioning contral-
ateral kidney most patients avoid this fate. In view
of the high prevalence of CKD and proteinuria in
ARVD, ACE-i and ARB have much to offer ARVD
patients in reducing cardiovascular events and mor-
tality, and reduced chronic dialysis initiation (23).
Hence, the indication of renal revascularization to
permit ACE-i or ARB use is an attractive one. How-
ever, experience of use of RAAS blockade in the set-
ting of significant bilateral ARVD, without detriment
to renal function, is now growing (24).

Prognosis in ARVD

Although the overall rate of loss of renal function in
ARVD is low (25), a subset of patients lose renal
function more rapidly and are at risk of progression
to end stage kidney disease (ESKD). Little informa-
tion exists to guide clinicians in identification of this
patient group. Cohort data (preceding widespread
adoption of RAAS blockade) suggested the only fac-
tor associated with an increased risk of loss of renal
function was an elevation in baseline proteinuria
(26).This association was independent of the degree
of RAS. Other studies have confirmed the absence
of a relationship between degree of RAS and level of
proteinuria, but found (as seen in CKD generally) a
relationship between proteinuria and eGFR (27,28).
As such, proteinuria is thought to be a marker of
downstream hypertensive/ischaemic renal parenchy-
mal injury in ARVD. This is supported by histologi-
cal studies of ARVD patients which describe patterns
of injury very similar to those seen in hypertensive
patients (29). This established parenchymal damage
explains why patients with higher levels of proteinu-
ria are more likely to progress to renal replacement
therapy (RRT), or fail to respond to revasculariza-
tion (30,31). In these data, a level of proteinuria as
low as 0.6 g/24 hours was an independent risk factor

for failure to improve renal function following revas-
cularization, suggesting that parenchymal damage
may be the main arbiter of renal outcome. If this
hypothesis is accepted, the cause of proteinuria in
ARVD becomes a key question. Long-term RAAS
activation is linked to, amongst other things, oxidative
stress, which can promote intra-renal atherosclerosis
and glomerulosclerosis (32). Hence, development of
proteinuria in ARVD may represent progression
through the natural history of the disease to its renal
end-point (and thus beyond the help of revasculariza-
tion). Equally proteinuria may reflect concurrent
microvascular renal disease, e.g. diabetic/hyperten-
sive, which has occurred independently of the ste-
nosis (33). A patient-level analysis of RCT data
stratifying outcomes by level of proteinuria may be a
worthwhile undertaking.

Mortality rates in ARVD are elevated, with RCT
data describing an 8% annual mortality (compared
to 3.7% in the general population) (25). Where dis-
parate vascular disease co-exists, mortality rates fur-
ther increase. Patients with symptomatic PVD and
an asymptomatic RAS of >60% have a 2.9-fold
relative risk of death (34), and patients with a posi-
tive screen for ARVD during diagnostic coronary
angiography have a 4-year survival of 57% compared
to 89% in patients with normal renal arteries (35).

Diagnosis of ARVD

New imaging techniques have challenged the ‘gold
standard’ position of direct angiography in diagnosis of
ARVD, with use of this technique limited by the inva-
sive nature of the procedure and the requirement for
iodinated contrast. Three non-invasive imaging tech-
niques are used in current practice—ultrasound, com-
puted tomography angiography (CTA), and magnetic
resonance angiography (MRA). Duplex ultrasound
(DUS) has the advantage of requiring neither contrast
nor radiation and offers high levels of positive and
negative predictive accuracy for stenosis in a single
renal vessel (36). However, it is a time-consuming and
operator-dependent technique, with bowel gas patterns
and obese body habitus causing 10% technical failure
rates even in experienced hands (37).

The widespread availability of CTA and repro-
ducibility of images have increased the uptake of this
technique (although heavy wvascular -calcification
often found in ARVD can make images difficult to
interpret). Use of MRA has also increased—partly
due to concerns over ionizing radiation and risk of
contrast nephropathy with CTA. In head-to-head
comparison, the two techniques have comparable
sensitivity, specificity, and negative predictive accu-
racy (CTA 94%, 93%, 99%; MRA 90%, 94%, 98%,
respectively) (38). However, evidence linking the



development of nephrogenic systemic fibrosis to
gadolinium exposure (the contrast agent used in
MRA) has become a major barrier to MRA use in
patients with advanced CKD.

Current imaging research is targeted towards
generation of a contrast-free MRI technique. Inves-
tigation into one such technique, arterial spin label-
ling, is at an early stage and is on-going (39), but a
greater depth of literature exists concerning blood
oxygen level-dependent (BOLD) imaging. BOLD
imaging provides a surrogate measurement of tissue
oxygenation (calculated from levels of deoxyhaemo-
globin), described by an R2* value. A reduced R2*
value represents a fall in deoxyhaemoglobin levels
and is seen in non-stenosed kidneys when the met-
abolic demand of the organ is reduced. An early
study investigating BOLD in ARVD found that, fol-
lowing administration of furosemide, organs with
significant stenosis but preserved volume had com-
parable changes in R2* values to non-stenosed kid-
neys, whilst organs which were stenosed and
atrophied did not exhibit this same change (40).
This raised the possibility of a role for BOLD in
selecting organs most likely to benefit from revascu-
larization. Though baseline R2* values are similar
in organs of patients with essential hypertension and
ARVD (41), a pilot study of 16 ARVD patients
investigated with combined BOLD and isotope-GFR
studies has shown promise in identifying patients
most likely to receive renal functional improvement
after intervention (42). BOLD remains a promis-
ing research technique. However, the intra-renal
haemodynamic effects of medications (e.g. acetazol-
amide), which can reduce both tissue oxygen demand
and renal blood flow, must be better understood
before we are able fully to interpret changes in R2*
values (43).

Medical therapy in ARVD

There are no randomized trial data that can define
optimal medical therapy in ARVD. Instead, treat-
ment decisions are based on observational data and
historical perspective. The on-going Cardiovascular
Outcomesin Renal Atherosclerotic Lesions (CORAL)
trial (44) has standardized medical therapy to anti-
platelet and lipid-lowering therapy in all patients,
with use of an angiotensin II blocker as the first-line
anti-hypertensive agent. This protocol accurately
reflects current opinion and practice.

Anti-platelet therapy

Anti-platelet therapies have the longest historical
standing in ARVD and the smallest body of evidence.

Current management of ARVD S101

The significant systemic burden of atheroma associ-
ated with ARVD is accepted as indication for anti-
platelet therapy (45), with current research focused
on anti-platelet strategies peri-revascularization.
When performing renal artery angioplasty and
stenting, microemboli sufficiently large to cause
renal parenchymal damage are released (46). One
study has shown a significant reduction in the rate
of generation of these platelet-rich emboli when
clopidogrel is added to standard aspirin therapy
prior to intervention (47). However, no study has
assessed long-term renal functional outcomes with
dual anti-platelet therapy. Other work suggests that
ARVD patients most likely to develop platelet-rich
emboli during stenting have higher circulating levels
of soluble CD40 ligand, a marker of platelet activa-
tion (48). This finding may suggest a future role of
glycoprotein IIa/IIIb inhibition during renal artery
stenting, a technique that has shown promise when
combined with an embolic protection device (49).

Statin therapy

Lipid-lowering therapy in ARVD seems a rational
choice based on the burden of concomitant vascular
disease, slower rates of loss of renal function in all-
cause CKD patients treated with statins (50,51), and
data from the recent Study of Heart and Renal Pro-
tection (SHARP) trial which demonstrated a reduc-
tion in the rate of major cardiovascular events in CKD
patients treated with simvastatin 20 mg + ezetimibe
10 mg (52). Specifically within ARVD, the Single
Operator, Single Centre, Renal Stent Registry Study
demonstrated a reduced hazard for death in revascu-
larized patients treated with lipid-lowering therapy
(hazard for death 0.17, P=0.019) but did not con-
sider medically managed patients (53). Other cohort
data (followed over an 11-year period) have been used
to compare dyslipidaemic ARVD patients treated with
statin therapy (n = 68) with ARVD patients with nor-
mal lipid profiles (z=36) (54). With comparable pro-
portions of patients revascularized within each group,
the significantly reduced mortality for statin-treated
patients (6% versus 36%, P<<0.05) and improved
renal survival suggests a pleiotropic role of statins irre-
spective of lipid profile. Although truly randomized
outcome data are lacking (and now unlikely ever
to become available), there are potential pathophysi-
ological explanations for the benefits described in
statin-treated ARVD patients. Cohort analysis has
demonstrated a 0.28 relative risk of stenosis progres-
sion (average follow-up period 27 months) for patients
receiving statin therapy (55), and lower levels of renal
fibrosis develop in statin-treated animals in porcine
RAS models (56).
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Renin angiotensin blockade

Target blood pressure in CKD is often defined as
<130/80 mmHg (57), with angiotensin blockade
considered first-line therapy due to putative renal
protection in excess of the benefits provided solely by
blood pressure reduction (58). In ARVD, angiotensin
blockade is the most effective and well-tolerated
anti-hypertensive pharmacotherapy (59,60). As these
agents can adversely affect renal function in the pres-
ence of bilateral RAS, many clinicians have concerns
regarding their use in ARVD, limiting their use (61).
Given a growing body of evidence describing reduced
mortality in revascularized and non-revascularized
ARVD patients treated with angiotensin blockade
(23,24,62), potential under-use of these agents is a
genuine clinical concern. Whilst a reduction in GFR
can be precipitated when they are introduced, this
change is reversible upon withdrawal of the agent
(63), and the majority of ARVD patients (including
those with significant bilateral disease) can tolerate
supervised introduction of renin angiotensin block-
ade without a clinically significant deterioration of
their renal function (24,64).

Data on second-line anti-hypertensive agents is
scarcer. Within CORAL, diuretics are second-line
agents, with calcium-channel blockers and beta-
blockers third-line. Mechanistically, the addition of
a diuretic to relieve salt and water retention second-
ary to excess activation of the renin-angiotensin-
aldosterone system is a logical approach, and it may
be that many cases of resistant hypertension in CKD
are due to reticence in the use of diuretic agents (65).
The design of CORAL advocates use of a thiazide
unless there is significant renal impairment (serum
creatinine >2 mg/dL), when a loop diuretic is advo-
cated. This is an important consideration given the
lack of efficacy of thiazides in moderate to advanced
CKD (66). The neurohormonal over-stimulation
seen in ARVD is not limited to the RAAS, with
evidence of excess sympathetic activation driving
elevations in serum noradrenaline levels (67). This
increased sympathetic activity may have a link to
cardiovascular mortality (68), and some small stud-
ies suggest beta-blockade may slow progression of
the degree of RAS (69) or offer benefits to eGFR
following revascularization (70).

Emerging therapies

With an appreciation of the role ischaemic endothe-
lial dysfunction plays in the development of renal
parenchymal damage, there is interest in the poten-
tial utility of endothelial progenitor cells (EPC) as an
adjunctive therapy to revascularization. In pig models
of RAS with EPC given 6 weeks after induction of

stenosis, significant benefits in cortical volume, renal
blood flow, and eGFR have been described (71,72).
Similar benefits (again in porcine models) have been
described with chronic endothelin-A blockade (73).
In these data, preserved renal haemodynamics and
microvascular density were described in the context
of up-regulated angiogenic growth factors such as
vascular endothelial growth factor (VEGF).

Loss of VEGF (an endothelial specific growth
factor) is associated with development of glomeru-
losclerosis and tubulointerstitial fibrosis (74). Pig
models with intra-renal VEGF given at the time of
creation of the stenosis (75) and time of stenosis and
at angioplasty (76) have shown benefit to clinical,
histological, and microvascular parameters. Though
it may suggest a preventative rather than therapeutic
role, this remains an exciting area of continuing
research.

Revascularization for ARVD

To date, five published RCT's have compared medi-
cal therapy with medical therapy plus revasculariza-
tion in ARVD. The three earliest trials focused on
alterations in blood pressure as a primary end-point
(77-79), whilst the two most recent (25,80) have
considered renal functional outcomes as their primary
end-point with blood pressure changes a pre-specified
secondary end-point.

Revascularization to control hypertension

None of the five RCT has demonstrated an overall
difference in blood pressure outcomes between
medically managed and revascularized patients.

The three earliest studies are not comparable
with current practice as each used balloon angio-
plasty without stenting, an approach now known to
be associated with worse angiographic outcomes and
higher re-stenosis rates (81-83). Furthermore, patient
numbers and follow-up periods were small, cross-
over rates were high, and each study had significant
differences from modern practice in utilization of
RAAS blockade.

The two more recent trials published in 2009
better reflect current practice. The smaller of these,
the Stenting in Renal Dysfunction Caused by Ath-
erosclerotic Renovascular Disease (STAR) trial
(n=140) did not demonstrate a blood pressure
response to revascularization (although this was not
the primary end-point) (80); and ASTRAL (with
806 patients recruited worldwide) demonstrated
beyond reasonable doubt the parity of medical and
interventional therapy in blood pressure control
(25). In ASTRAL, with baseline blood pressures of
149/76 mmHg in the revascularization group and



152/76 mmHg in the medical therapy group, systolic
and diastolic blood pressure slopes were nearly iden-
tical between groups (Figure 1). This finding has
been further emphasized in meta-analysis of the five
published RCTs (84).

Despite the lack of overall benefit from revascu-
larization in the treatment of hypertension, there
remain selected clinical settings in which its use is still
considered. In patients with refractory hypertension
(blood pressure >160/90 mmHg despite three differ-
ent anti-hypertensives) it can be challenging to achieve
blood pressure control. Whilst no RCT has specifi-
cally considered the role of revascularization in this
patient group, it is inevitable that some patients
included in the published data will have met this def-
inition. Indeed average baseline patient characteristics
in the Dutch Renal Artery Stenosis Intervention
Cooperative Group (DRASTIC) were blood pressure

(A) 10
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180/103 mmHg despite 3.25 anti-hypertensive medi-
cations (79). Although blood pressure at 12 months
was comparable between groups (angioplasty 160/93
mmHg, medical 162/88 mmHg), more patients in
the angioplasty group had an overall blood pres-
sure improvement, defined as reduction in DBP
>10 mmHg (68% versus 38%), and fewer had a blood
pressure deterioration by the same definition (9% ver-
sus 33%, P=0.002). Although this finding is in the
context of >40% cross-over from the medical to inter-
ventional arm, it is also noteworthy that the 14 patients
who crossed over from the medical to interventional
arm due to uncontrolled blood pressure at 3 months
exhibited blood pressure improvements at 12 months
(190/111 mmHg versus 169/102 mmHg). Post-hoc
analysis of published data, combined with future
information from CORAL, may form a valuable future
resource to address this issue further.
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Figure 1. A: Mean change in systolic blood pressure over time in ASTRAL. B: Mean change in diastolic blood pressure over time in
ASTRAL. Top graph: blood pressures for revascularized and medically managed patients. Bottom graph: difference in blood pressure
between groups. (Wheatley, K. et al. Revascularization versus medical therapy for renal-artery stenosis. N Engl ] Med, 2009. Reproduced
with permission.)
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Revascularization may also facilitate safe use of
angiotensin blockade in patients previously intolerant
to this therapy. There are retrospective data demon-
strating the efficacy of revascularization in permit-
ting the use of ACE-i and angiotensin receptor
blockers in patients who previously could not tolerate
these agents (24,85). Given the wider benefits of
these agents, this may be a therapeutic approach
more commonly seen in the future.

Revascularization for other end-points

In line with the findings for blood pressure, no RCT
has shown a benefit of revascularization on renal
function, cardiovascular event rate, or mortality rate.
In ASTRAL (25), average baseline age was 70.5
years, creatinine 178 pumol/LL (2 mg/dL), eGFR 40
mL/min, and blood pressure 150/76 mmHg. Using
repeated measures analysis no significant difference
was seen in the primary end-point (reciprocal of crea-
tinine over time, to assess renal function) (Figure 2).
A similar pattern was seen for the secondary end-
points of cardiovascular events, renal events, and
overall survival (Figure 3), which were identical.
Although the STAR trial included far fewer patients
than ASTRAL, with a larger proportion in the revas-
cularization arm failing to undergo the procedure,
results were similar to those seen in ASTRAL (80).

Limitations of trial data

Although over 1000 ARVD patients are described in
RCT data, the published results have a number of
important limitations. The three earliest studies
(77-79) suffer from small patient numbers, short

follow-up periods, significant cross-over rates, and
the use of now out-dated interventional techniques
and approaches to pharmacotherapy. Specific criti-
cism has been levelled at ASTRAL over the lack of
a reference laboratory to validate CTA/MRA find-
ings. However, whilst over-estimation of RAS on
indirect angiography is a recognized problem (86),
only 8% of patients randomized to the interventional
arm of the study did not receive revascularization
due to low disease burden (25). Per protocol analy-
sis of data (i.e. including only those who had been
revascularized in the revascularized arm) replicated
the overall outcomes of ASTRAL exactly.

The most important limitation of published
RCTs is that of patient selection. Within ASTRAL,
patients could only be randomized if their treating
physician was uncertain of the benefits of revascu-
larization, and so many high-risk patients are likely
to have been excluded. Although ASTRAL suggests
that revascularization does not benefit ARVD patients
with stable CKD, it must be acknowledged that
no study addresses the role of intervention in the
highest-risk patient groups. Published guidelines
provide support for revascularization in patients with
FPE, resistant hypertension (RH), and some cases
of declining renal function (87).These recommenda-
tions are primarily based upon observational data
describing e.g. reduced hospital admissions follow-
ing revascularization for FPE (88). Other non-ran-
domized series describe outcomes opposed to RCT
results, with reports of long-term improvements in
renal function and blood pressure following inter-
vention (89), or benefit from stenting in patients
with more severe renal impairment (90). Although
ASTRAL did consider some high-risk patients
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Figure 2. Reciprocal of serum creatinine over time in ASTRAL (primary study end-point). Top graph: reciprocal of serum creatinine for
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(sub-analyses of patients with >70% stenosis bilater-
ally/to single functioning kidney and of patients with
rapid loss of renal function), there is a need for future
studies to be designed around patients most likely to
benefit rather than a further ‘all-comers’ approach.
Finally, although outcomes within the two arms have
been similar for the initial follow-up period, long-
term outcomes remain uncertain. With a slow rate
of loss of renal function in ASTRAL, the lack of dif-
ference in renal end-points at 5 years is not unsur-
prising, and the possibility of e.g. 10-year benefit
cannot yet be discounted.

Success and complicarions of renal artery
revascularization

When assessing any interventional procedure, in
addition to analysis of the clinical effects, consider-
ation must also be given to technical success rates
and risk of complications.

Technical success in renal artery revasculariza-
tion is judged by the degree of post-procedure steno-
sis. With no consensus definition on exactly what
degree of stenosis should be considered clinically
significant, it is challenging to provide an exact def-
inition of angiographic success. Meta-analysis of 14
studies highlights the broad range of definitions
employed (with definitions of success ranging
between <10% and <50% residual stenosis), but
demonstrates success rates of >94% irrespective of
the definition applied (91), indicating that technical
success can be consistently achieved.

Less information exists regarding long-term stent
patency. One study using DUS surveillance demon-
strated 12-month patency rates to be as low as 50%,
with a further reduction to 40% at 18 months (92). In
light of these figures there has been interest in the use
of drug-eluting stents (DES), with reports of success-
ful deployment to treat renal artery in-stent re-stenosis
(93). One study has compared re-stenosis rates in
ARVD between bare metal and sirolimus-eluting
stents. In the Sirolimus-Eluting versus Bare-Metal
Low Profile Stent for Renal Artery Treatment (GREAT
trial) angiographic outcomes for 105 patients random-
ized between stent types were compared at 6 months
and 2 years (94). Although no statistically significant
difference was observed between device types, a trend
toward lower re-stenosis rates was observed in the
DES group (6.7% versus 14.6%).

Complication rates from intervention in athero-
sclerotic RAS can be significant. Within ASTRAL,
serious adverse events were reported in 6.8% of
patients (25). These included renal artery occlusion,
haemorrhage requiring hospitalization, and two
deaths. This significant risk is again demonstrated in
STAR, where in 46 revascularization episodes, 3

deaths were observed (80). Meta-analysis of 687
patients of the three RCT and single-centre studies
that preceded STAR and ASTRAL showed that 9%
of patients suffered a significant complication of per-
cutaneous revascularization (e.g. renal failure post-
procedure,renal infarction, significant haemorrhage),
with an overall mortality of 1% (91). These data
underscore the need for a robust rationale prior to
undertaking revascularization.

Future studies

Several RCTs are on-going (i.e. CORAL, and long-
term follow-up of ASTRAL), and data from these
are eagerly anticipated. Other work is focused on
technical developments such as usefulness of embo-
lic protection devices and alternative device types,
new therapies, and using biomarkers to improve
diagnostic capability. In two small studies, brain
natriuretic peptide (BNP) has been shown poten-
tially to have a role in predicting blood pressure
response to renal artery revascularization in humans
(95,96). Although these data are limited as date of
onset of arterial hypertension cannot be accurately
defined in either study, these are promising results
which merit further investigation.

A further emerging technique is renal denerva-
tion. The direct mechanism through which renal
sympathetic activity (RSA) affects blood pressure is
not fully defined in humans. However, there are data
demonstrating a two-way relationship between uri-
nary sodium excretion and RSA (97,98), a reduction
in renin release with -adrenergic blockade (99), and
an effect of sympathetic activity on GFR (100). In
humans with refractory hypertension, pilot studies
of renal denervation with renal nerve ablation ther-
apy showed beneficial effects on blood pressure (and
possibly GFR) (101,102), with the small initial RCT
confirming blood pressure but not GFR benefits
(103). No human data describe this technique in
ARVD patients, but in experimental Goldblatt rat
models (2-kidneys 1-clip) beneficial effects on blood
pressure have been described (104). This technique
may (in isolation or in combination with revascular-
ization) have a future role in treatment of RH in
ARVD.

Conclusion

Renal artery revascularization does not benefit the
majority of patients with atherosclerotic RAS. Robust
RCT data clearly demonstrate parity of blood pres-
sure and renal functional outcomes between revas-
cularized and medically managed patients, but the
patient populations studied have not focused on
high-risk clinical presentations that might be more



likely to benefit such as severe hypertension, heart
failure, or declining renal function; the complication
rates of the procedure demand better outcome data.
However, in selected circumstances, renal revascu-
larization may have an important part to play. For
the few patients requiring but unable to tolerate
angiotensin blockade without serious deterioration
of renal function, revascularization can facilitate safe
usage of these agents. There may also be a role for
revascularization in cases of refractory hypertension,
but more dedicated RCT data are required in these
patients, as well as in other high-risk subgroups. In
particular, patients with heart failure (either CHF or
FPE) and RAS theoretically have a lot to gain from
revascularization, and future efforts need to be con-
centrated on studying these patients. However, for
the majority of patients with ARVD the mainstay of
treatment has to be vascular protection with statins
and anti-platelet therapy, and blood pressure control
with renin angiotensin blockade at the centre of
therapy.
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