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CARDIORENAL DISEASE
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Renal artery stenosis is a condition

that has significant effects on the
progression and outcomes of co-existent
cardiac disease. The most important cause
of renal artery stenosis is atherosclerotic
renovascular disease (ARVD). As the drugs
and techniques used to manage ARVD

are similar to those used to treat coronary
artery disease, cardiologists are increasingly
becoming involved in its management.
However, while there are similarities,

there are also significant differences in the
management of ARVD and coronary artery
disease. There are also many differing
opinions on the best management. This
review maps the minefield of conflicting
evidence and gives clear, pragmatic
guidelines regarding the management of
patients with cardiorenal disease.

Introduction

Renal artery stenosis (RAS), traditionally the
preserve of the nephrologist, is a condition of
increasing interest to the cardiologist. Ninety per
cent of RAS is caused by atherosclerosis and the
risk factors for renal atherosclerosis and coronary
atherosclerosis are the same. Furthermore, the
presence of RAS alters the prognosis of co-existent
cardiac disease, most notably cardiac failure and
ischaemic heart disease, both directly’-® and via its
sequelae of renal failure and hypertension. Finally,
the treatments for the disease, both medical and
interventional, are familiar to the cardiologist, who
can employ much of the knowledge and techniques
used to treat coronary atherosclerosis in the
management of RAS. This review describes the
investigation and management of atherosclerotic
renovascular disease (ARVD), with a particular focus
on the aspects of most interest to the cardiologist.

The epidemiology of RAS

The prevalence of RAS is estimated to be around
7% in people over 65 years of age. It does not
show any racial bias and its incidence increases
with age.* In patients with suspected cardiac
disease requiring diagnostic coronary angiography
the prevalence of renal artery stenosis is
10-15%.57 This is unsurprising as the degree of
atherosclerosis of the renal arteries is reflective of
the atherosclerotic burden in other blood vessels.
ARVD tends to affect the proximal third and ostium
of the renal arteries, in some cases being the
extension of an aortic plaque. Figure 1 shows the
typical appearance of ARVD on angiography.

This is quite unlike fibromuscular dysplasia (FMD),
the next most common cause of RAS, which is a
disease of the distal half of the renal artery. FMD
accounts for approximately 5% of cases. It is a
disease of young women, tending to occur between
the ages of 15 and 50 years, and affects the distal
two-thirds of the renal arteries. In contrast to
ARVD, the management is uncontroversial — it is
best treated with revascularisation of the affected
renal artery.

Figure 1. A flush aortogram showing tight
right-sided renal artery stenosis and a
diffusely atherosclerotic aorta
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The clinical characteristics
of ARVD

ARVD may remain asymptomatic but it may
cause severe hypertension, or renal failure.
Other clinical features that should prompt
consideration of RAS are:

® presence of an abdominal bruit
® resistant hypertension

® a rise in serum creatinine >30% upon
starting an angiotensin-converting enzyme
(ACE) inhibitor or angiotensin Il receptor
blocker (ARB)

® acute pulmonary oedema in the context of
normal left ventricular (LV) function (‘flash’
pulmonary oedema).

Many of the signs of RAS could feasibly be
attributed to cardiac disease or its treatment,
and indeed flash pulmonary oedema is easily
misdiagnosed as heart failure. Thus, it is a
frequently overlooked diagnosis, especially in
the context of pre-existing ischaemic heart
disease or cardiac failure. Sadly, it is precisely
in these patients where diagnosing ARVD is
particularly important.

ARVD is associated with poorer outcomes in
cardiac patients.2® The four-year unadjusted
survival for patients undergoing coronary
artery disease who have RAS with a stenosis
>50% is 65% compared with 86% for those
without RAS.! Even after adjusting for the fact
that patients with RAS tended to have more
severe coronary artery disease and lower
ejection fractions, the negative prognostic
effects of RAS remain. The degree of stenosis
is also important, with more severe stenosis
and bilateral disease being associated with
shorter survival.®> ARVD is also associated
with worse LV function and increased LV
hypertrophy,® with the severity of the cardiac
disease being proportional to the degree

of ARVD.

The asymptomatic and non-specific
presentations of ARVD have led to much
difficulty in elucidating the natural history

and pathophysiology of the disease. It is

a progressive disease and will worsen if

left untreated,'® but exactly what degree of
stenosis is significant in terms of morbidity
and mortality is unclear. As already discussed,
more severe stenosis demonstrably leads

to worse outcomes, but the same degree of

stenosis will not consistently lead to the same
morbidity in different patients. This is also
true for coronary artery disease, but patients
whose stenosis is significant usually have
marker symptoms (angina, breathlessness),
which is not the case with ARVD.

While ARVD may well lead to hypertension
or renal dysfunction, it is important to
remember that the co-existence of ARVD
and hypertension or renal failure does not
imply causality. This has been elegantly
demonstrated by one study!! that assessed
split kidney function in patients with RAS and
found that in patients with unilateral RAS
there was no difference between the function
of the kidney with the stenosed artery and
its counterpart. This suggests that the renal
function is being affected by some other
process, perhaps cholesterol micro-emboli,
and in many cases the correlation between
the severity of ARVD and the degree of renal
dysfunction may be simply due to the degree
of ARVD being reflective of the degree of
atherosclerosis in the microvasculature.

The uncertainty about what truly constitutes
significant ARVD has led to much difficulty
in designing trials as different investigators
have used different definitions of ‘significant
stenosis’. Most choose an arbitrary measure
of somewhere between 50% and 75%
stenosis as significant and some will also
add the criteria of hypertension resistant to
treatment by two or more drugs (so-called
‘resistant’ hypertension). The result has been
a great deal of confusion about the best
management for ARVD.

Medical management of RAS

The management of RAS can be divided into
conservative, medical, minimally invasive
revascularisation and surgical. In the cardiac
patient the conservative and medical strategies
are essentially the same as the lifestyle
recommendations are the same for both ARVD
and cardiac disease. In addition, the patient

is already likely to be on the first-line drugs
advocated for treatment of ARVD: namely an
ACE inhibitor or an ARB and a statin.!2

For the purposes of this discussion we will
consider ACE inhibitors and ARBs to be
equivalent, an assertion supported by the
recent Ongoing Telmisartan Alone and in
Combination with Ramipril Global End point
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Figure 2. Magnetic resonance
angiography showing proximal renal
artery stenosis on the right

Trial (ONTARGET) study,'3 and hereafter

they are both referred to as ACE inhibitors

for simplicity. As there are no data directly
comparing the two mechanisms of action

in patients with RAS it is impossible to be
categorical about which one to use and so the
use of one or the other should be dictated by
physician preference, patient tolerance and
local guidelines.

The role of ACE inhibitors in RAS may seem
more controversial to some, as RAS was
historically considered to be a contraindication
to their use. In fact it is only bilateral severe
RAS that is a contraindication. In patients with
unilateral RAS the creatinine is likely to remain
relatively stable as the unaffected kidney will
provide sufficient filtration to maintain an
adequate glomerular filtration rate (GFR).

Assuming the RAS is unilateral, ACE inhibitors
are the rational choice of drug to treat this
condition as the hypertension that ensues
from RAS is due to increased renin activity.
They are effective in controlling blood
pressure in 70% of cases and have been
shown in several studies to be more effective
than other classes of antihypertensive
agents.!* Furthermore, there is some evidence
that they may retard the progression of

renal disease!® and improve survival.'* When
introducing an ACE inhibitor, especially in the
context of chronic kidney disease (CKD) there
may be a rise in creatinine. A rise of up to
30% is permissible and is not an indication
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Figure 3. A summary of the recommended management of renal artery stenosis

Does the patient have flash pulmonary
oedema with normal LV function?

.

Do they have one of the following risk factors?
© abdominal bruit
® >30% rise in serum creatinine on
starting an ACEI/ARB
e resistant hypertension

Are they already on an ACEI/ARB
and a statin?

Add an ACEI/ARB
and a statin

A2

Is their hypertension [«
well controlled?

m

Does the patient's serum
creatinine rise >30% on

Add in another
antihypertensive

adding an ACEI/ARB?

Do they have Chronic
Kidney Disease

0

Stages 2—-4 (eGFR
16-89) or significant
proteinuria (ACR > 30

Are they on at least 3
antihypertensive agents?

Investigate for RAS and
stent if present

or PCR > 50)?

b

Do they have unstable
angina or heart failure
poorly controlled on
maximal medical
therapy?

3

No further
management

Key: ACEl = angiotensin-converting enzyme inhibitor; ACR = albumin:creatinine ratio; ARB = angiotensin receptor blocker;
eGFR = estimated glomerular filtration rate; LV = left ventricular; PCR = protein:creatinine ratio; RAS = renal artery stenosis

for stopping the drug.l” Careful and frequent
monitoring of electrolytes is mandatory.

If ACE inhibitors are not successful in
controlling blood pressure then other classes
of antihypertensive should be added.
Second-line treatment, especially in patients
with cardiac disease, is a beta blocker.

If a beta blocker is contraindicated then

calcium channel blockers should be used.!®

If blood pressure is not controlled on two
antihypertensives then more drugs may be
added or revascularisation can be considered.

Before moving on to a discussion of
revascularisation it is worth mentioning a new
class of drugs, the direct renin inhibitors, of
which aliskiren is the first. There are no data
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showing the benefit (or harm) of aliskiren

in the context of RAS. However, as RAS

leads to high plasma renin activity it seems
reasonable to postulate that aliskiren will be
particularly effective in this context. What
little data there are suggest that aliskiren is
non-inferior to ACE inhibitors and ARBs when
used as monotherapy for hypertension control.
However, when used in combination with an
ACE inhibitor or an ARB it provides superior
blood pressure control.'® Whether this leads
to improved cardiovascular outcomes remains
to be seen. As ONTARGET!® showed, lowering
blood pressure further with dual blockade

of the renin-angiotensin-aldosterone system
does not necessarily translate into a better
prognosis. At the moment it is too early to
advocate routine use of aliskiren, but it seems
likely that it will find a role as second- or
third-line therapy in the future.

Minimally invasive
revascularisation and
surgical management
of ARVD

Surgical management has largely been
superseded by angioplasty and stenting and is
only indicated in cases where stenting would
be difficult or there is adjacent aorto-iliac
disease that would benefit from surgery. For
most patients revascularisation is done using
angioplasty with or without stent placement.

However, unlike in coronary artery disease
where there are widely accepted guidelines,
there is no clear consensus on when
percutaneous intervention is superior to
medical management in ARVD except in the
case of flash pulmonary oedema, a widely
accepted indication for renal artery stenting.!®
To date there have been only three randomised
controlled trials looking at percutaneous
intervention versus medical therapy.

The three trials, Essai Multicentrique
Medicaments vs Angioplastie (EMMA),2°
Dutch Renal Artery Stenosis Intervention
Cooperative (DRASTIC)?* and one from the
Scottish and Newcastle Renal Artery Stenosis
Collaborative Group,?? were all fundamentally
flawed: the medical regimens that patients
received were sub-optimal in that many
patients did not receive an ACE inhibitor and
the intervention, angioplasty, was not the
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one that is most commonly used in clinical
practice today, which is angioplasty with stent
placement. None of the trials were adequately
powered to detect their primary outcome
measure but even so, their primary end point,
control of hypertension, is not as relevant to
clinicians as mortality. Even when grouped
together in a meta-analysis?® no meaningful
conclusions could be drawn about the effects
of angioplasty on blood pressure or

renal function.

Cardiologists concerned about poorer cardiac
outcomes in patients with RAS will find
scant evidence from these trials on whether
intervention will be of any benefit: many
typical cardiac patients were expressly
excluded and cardiovascular outcomes were
not well reported. The Scottish and Newcastle
group did not detect any increase in rates of
heart failure, stroke or myocardial infarction,
but there were insufficient data to make any
meaningful commentary.

A number of papers have reported on the
benefits of renal artery stenting in patients
with either cardiac failure or unstable

angina but they were either case reports or
retrospective series.?* In general, they suggest
that renal artery stenting is beneficial and may
have effects both acutely and in the medium
term.2> However, there remains a dearth of
hard evidence upon which to base clinical
practice. Hopefully this will change when
three important ongoing trials, Cardiovascular
Outcomes in Renal Atherosclerotic Lesions
(CORAL),?¢ Angioplasty and Stent for Renal
Artery Lesions (ASTRAL)?” and Stenting in
Renal Dysfunction Caused by Atherosclerotic
Renal Artery Stenosis (STAR),?® report their
results. Preliminary results from the ASTRAL
trial were presented at the Society for
Cardiovascular Angiography and Interventions
and the American College of Cardiology

i2 summit (SCAI-ACCi2) meeting in April
2008 and these showed no differences
between medical management and stenting
with respect to change in kidney function,
blood pressure control or the rates of major
cardiovascular illness. We must wait for full
data from all three trials to be published, but
in the meanwhile the results from ASTRAL
emphasise the need for restraint when
considering revascularisation.

Despite the lack of evidence, several groups
have suggested (broadly similar) guidelines
on when stenting might be appropriate. For
example, the American Heart Association
has suggested the following as indications
for revascularisation:'®

@ significant RAS (stenosis >50%) with
malignant, accelerated or resistant
hypertension or intolerance to
antihypertensive medication

@ significant RAS with CKD

® significant RAS with cardiac failure,
unexplained pulmonary oedema or
unstable angina.

Advocating stent placement in patients with
CKD is contentious as the evidence to support
stenting in patients with ARVD and CKD
comes largely from the secondary end points
of the trials described above, with additional
support from retrospective observational
studies.?® While renal function tends to remain
stable or improve following stenting, it is
worth noting that in around 30% of cases it
will deteriorate.3%3! However, in general, these
guidelines represent a pragmatic approach

to the problems faced when treating patients
with hypertension, CKD and cardiac failure,
and the only other modification that one
might make would be to advocate stenting in
patients with bilateral RAS to enable the use
of ACE inhibitors.3?

Conclusion

ARVD is a condition of interest to cardiologists
as it has an increased incidence in patients
with coronary artery disease and is associated
with a worse prognosis in patients with
ischaemic heart disease and cardiac failure,
independent of its effects on blood pressure
and renal function. It is not clear if in all cases
the degree of ARVD is a marker of other
processes that confer a worse prognosis upon
cardiac patients or whether ARVD directly
leads to a worse outcome through an as yet
undescribed mechanism.

Whatever the pathophysiology of
cardiovascular damage, it is clear that patients
with ARVD and cardiac disease should be
treated aggressively, preferably with a regimen
containing a statin and an ACE inhibitor. If the
patient develops flash pulmonary oedema they
should receive angioplasty and a stent.
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For all other presentations of ARVD there is
currently no good evidence upon which to
base decisions about when revascularisation
should be carried out, but it seems reasonable
to try if blood pressure is poorly controlled

or to permit the introduction of an ACE
inhibitor, especially in patients with bilateral
ARVD. Unless there is a good reason not to
do so, a stent should be placed at the time of
renovascular angioplasty, especially in patients
with ostial lesions.

Revascularisation may also be useful in
patients with CKD, advanced cardiac failure
and poorly controlled angina, but in the
absence of robust evidence it should only be
used as a last resort. Routine screening for
ARVD in cardiac patients is not advocated
except in those patients where detection of
ARVD is likely to result in a revascularisation
procedure being carried out.

There is much to be clarified in this area but
better guidelines will hopefully arrive following
publication of the full results of ongoing trials,
notably ASTRAL and CORAL @
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Key messages

® Renal artery stenosis is associated
with an increased risk of cardiac
disease and causes a worse
prognosis in ischaemic heart disease
and cardiac failure

® The evidence for medical treatment
is good and all patients should be
treated with an ACE inhibitor and
a statin

® The evidence for percutaneous
revascularisation is poor and it
should not be used as first-line
therapy

® More definitive evidence should
arrive in 2008 following the
publication of the CORAL, ASTRAL
and STAR trials
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