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Epidemiology and Natural History of Atherosclerotic
Renovascular Disease

Constantina Chrysochou, Philip A. Kalra⁎

Renal Department, Salford Royal Hospital, Greater Manchester, United Kingdom
Abstract Atheromatous renovascular disease (ARVD) is increasingly suspected and diagnosed, and it
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commonly presents to several different clinical specialties. In this review, the epidemiology, risk
factors, comorbid disease associations, natural history, and prognosis of ARVD is described.
Atheromatous renovascular disease is strongly associated with macrovascular pathology in other
important vascular beds, especially the coronary, aortoiliac and iliofemoral circulations, and also
with structural and functional heart disease. These clinicopathologic relationships contribute to
the high morbidity and mortality associated with the condition. Understanding of the natural
history of renal artery stenosis may enable intensified treatment strategies to reduce associated
risk and improve patient prognosis. (Prog Cardiovasc Dis 2009;52:184-195)
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Atheromatous change within the main renal arteries is
very commonly seen in agingWestern populations, but also
in younger patients with risk factors or a predisposition for
earlier development of atheroma. In most patients, the
renovascular disease develops as part of a systemic
atheromatous disease, being accompanied by macrovascu-
lar pathology in several other important vascular beds,
especially the coronary, aortoiliac, and iliofemoral circula-
tions. Renal artery narrowing, which is usually focal but can
be more diffuse, is termed “renal artery stenosis” (RAS) and
is of great importance because of its potential blood flow–
limiting effects on the renal circulation and consequent
intrarenal ischemia, which can in turn result in perturbations
of renal function, blood pressure control, fluid and salt
retention, and renal endocrine functions, as well as other
deleterious responses to ischemia. Interest in RAS is further
excited by the possibility that treatment with renal
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revascularization might improve patient outcomes. Howev-
er, because 30% to 50% of all patients with atherosclerotic
renal artery disease have evidence of renal artery occlusion
(RAO) affecting one or, occasionally, both main renal
arteries at the time of first clinical presentation, we prefer to
use the term “atherosclerotic renovascular disease” (ARVD)
in preference to atherosclerotic renal artery stenosis
(ARAS), as it is the most accurate general description of
this condition.1 Approximately 90% of lesions are “ostial,”
occurring within 1 cm of the origin of the renal artery, and
the disease may be unilateral or bilateral.

In this chapter, we consider the epidemiology of this
ubiquitous condition as well as its clinical presentation and
natural history, but indications for and outcomes after
revascularization, as well as a detailed review of cardio-
vascular risk and mortality, are covered elsewhere.
Epidemiology

Risk factors for ARVD

The risk factors for ARVD are those associated with
atheroma development in other populations. The prevalence
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of the condition increases with age, a fact first
demonstrated in postmortem studies undertaken almost
half a century ago.2 In a more recent study based on color
duplex sonography in 269 patients, the prevalence of RAS
in the age groups 50-59, 60-69, and N70 years was 11%,
18%, and 23%, respectively.3 In our own local renovas-
cular database, which comprises more than 900 patients
with ARVD referred from a 1.5 million population over
20 years, the median age of the population at ARVD
diagnosis is 69.6 years (interquartile range, 65-76 years);
overall age range is 37 to 92 years; and 8.6%, 29%, and
45.5% are made up of patients in their fifth, sixth, and
seventh decades, respectively (87.1% of patients aged N60
years at study entry). There is an increased prevalence of
ARVD in patients with type 2 diabetes. A meta-analysis of
3 prevalence studies that examined the occurrence of RAS
in various risk groups found a pooled prevalence rate of
20.0% (95% confidence interval, 15.4%-25.5%) in
patients with diabetes mellitus and coexistent
hypertension.4 Conversely, epidemiologic and interven-
tional studies in ARVD patients typically show that 30%
of these populations have diabetes.5,6 Smoking is another
factor associated with ARVD prevalence (44% of patients
in one interventional study),7 this association is particu-
larly noticeable when patients also have concomitant
peripheral vascular disease (PVD).8 Although intuitively
hyperlipidemia should be associated with increased
ARVD prevalence, there are no reports that confirm this
relationship in the literature.9 However, the lipoprotein
profile does mirror that found in other vascular diseases,
with a very low apolipoprotein A1 concentration in the
range normally associated with a 3-fold increase in
cardiovascular events8; but the total and low-density
lipoprotein cholesterol were only slightly raised in this
study. Family history of early atheromatous disease is also
associated with ARVD prevalence,10 but no dedicated
studies have explored this further. Other nontraditional
factors independently associated with atherosclerosis in
other vascular beds and also the presence of RAS include
higher concentrations of fibrinogen, highly sensitive
C-reactive protein (CRP), and homocysteine.11

Geographic factors

The epidemiology of ARVD is likely to differ according
to the population studied. In US citizens older than 65
years and receiving Medicare, ARVD prevalence in 1998
to 1999 was 0.54%,6 but the prevalence is much greater in
groups enriched with vascular disease, such as those with
coronary artery disease (CAD) or PVD. With respect to
racial origin, there are no comparative population studies
available for African or Asian populations. Despite the
excess prevalence of type 2 diabetes in the Indian
subcontinent, inflammatory arteritides such as Takayasu
arteritis are said to represent nearly half of all renovascular
disease.1 However, some data are available for selected
groups, such as ARVD prevalences of 18% in hypertensive
American Blacks,12 and for North Indian populations,
5%13 in an elderly group with renal failure and 13.8%14 in
an unselected autopsy study, respectively. In a large study
of 1200 Chinese patients undergoing coronary angiogra-
phy in Shanghai, significant RAS greater than 50% was
found in 9.7% of patients,15 a proportion slightly lower
than observed in comparable studies in the Western world2

(see later section). Similar prevalence data were observed
in a Japanese population of 729 patients with known
cardiovascular or cerebrovascular disease (CVD), with
ARVD being present in 5.2% of patients overall, but in
9.3% of patients with multivessel CAD.16

General population studies

Many patients have asymptomatic ARVD that is only
identified during the screening and investigation of other
conditions such as CAD or PVD. Hence, it is difficult to
accurately assess the true prevalence of the condition in the
general population without extensive and costly screening
programs. The only available data are that provided by
Hansen et al, who used Doppler ultrasound screening to
show that 6.8% of 834 elderly “free-living” people in one
health district (Forsyth county, NC—76% of the cohort
white, 23% African American) had incidental RAS more
than 60%.17 However, the limited sensitivity of duplex
sonography may have underestimated the true prevalence
in this group.

Studies in the elderly US medicare population

The most comprehensive epidemiologic data for
ARVD are available from 2 studies of the US Medicare
population, derived from the 5% annual random sample of
patients older than 65 years available for analysis. The
prevalence of ARVD in more than 1.2 million Medicare
recipients in 1999 was 0.54%5; 91% had hypertension,
and comorbid macrovascular diseases were strongly
associated, with 56% of ARVD patients having PVD,
67% CAD, and 37% CVD (Table 1). The incidence of new
cases of ARVD was shown to be 3.7 per 1000 patient
years (0.37% per year) in 2000 to 2001, and over the
succeeding year, new-onset PVD was diagnosed in 26% of
ARVD patients with no prior diagnosis of this condition,
whereas 30% developed CAD, 18% CVD, and 20%
cardiac failure (Table 2). The prognosis of these patients
will be discussed in a later section. A more recent analysis
of the Medicare population has shown the trends in ARVD
diagnosis in more than 16 million people older than
65 years from 1992 to 2004. During this period, there was
a steady increase in ARVD diagnosis, such that in 2004,
the likelihood of this diagnosis was 3.35 times greater than
in 1992,18 presumably reflecting a change in investigative
and screening strategies rather than any change in



Table 1
Prevalence of ARVD in the US Medicare population along with
macrovascular risk factors

Prevalence

ARVD AHR⁎

(95% CI) P
No ARVD
(n = 1, 085, 250)

ARVD
(n = 5875)

AKI (%) 0.8 10.3 1.59 (1.43- 1.77) b.0001
CKD 2.3 24.6 4.61 (4.27- 4.98) b.0001
Hypertension 53.4 90.8 4.31 (3.93- 4.73) b.0001
DM 17.9 32.5 0.89 (0.84- 2.61) .0001
CAD 24.9 66.8 2.45 (2.3- 2.61) b.0001
CCF 13.6 37.6 1.01 (0.94- 1.07) .9
CVD/TIA 12 36.9 1.58 (1.49- 1.67) b.0001
PVD 12.7 56 3.96 (3.74- 4.2) b.0001
Mesenteric

ischemia
0.2 1.9 2.38 (1.93- 2.93) b.0001

AAA 0.5 6.4 3.38 (3.0- 3.81) b.0001

Abbreviations: AAA indicates abdominal aortic aneurysm; CI, confidence
interval; AKI, acute kidney injury; ARVD, atherosclerotic renovascular
disease; CAD, coronary artery disease; CKD, chronic kidney failure;
CVD, cerebrovascular disease; CCF, congestive cardiac failure; DM,
diabetes mellitus; TIA, transient ischemic attack.

⁎ Adjusted hazard ratio = adjusted for all factors in the left hand
column and others. See Kalra et al.6
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frequency of disease development. Overall, 13.4% of
ARVD patients underwent renal revascularization within
6 months of diagnosis, and the pattern over time was
biphasic with usage of revascularization steadily rising to a
peak in 1999 (hazard ratio, 1.35 compared with that in
1992), after which there was a steady decline through 2004
(hazard ratio, 0.86), the later pattern possibly mirroring the
prevailing uncertainty regarding indications for and out-
comes after revascularization in these patients.

Association of ARVD with other cardiovascular diseases

Atheromatous renovascular disease is frequently iden-
tified as an incidental or symptomatic pathology in
patients with other vascular diseases, and so, it is of
interest to specialists in many different disciplines
including cardiology, vascular surgery, stroke medicine,
and hypertension. Consequently, there have been many
Table 2
New incidence of ARVD in the USMedicare population and new incident
macrovascular events expressed as an annual percentage of events

Incidence of Events
(N = 1, 084, 963)

No ARVD ARVD

ARVD (% per year) 0.37
CAD 7.35 30.4
CCF 5.6 19.5
CVD/TIA 5.3 17.6
PVD 5.2 25.9
RRT 0.1 2.8
Death 6.3 16.6

RRT, renal replacement therapy; other abbreviations as in Table 1.
studies undertaken in selected groups of patients with
cardiovascular disease, populations which are likely to be
enriched with patients with ARVD (Table 39,16,19-44).

Coronary artery disease

In the 1990s, there were several reports detailing the
association of ARVD with CAD noted during investiga-
tion of patients presenting to cardiology centers predom-
inantly with angina or myocardial infarction. The most
extensive interest in this relationship was developed by the
group in Duke University Medical Centre, who have
performed multiple informative studies in coronary
disease patients.9,10,26,45 Using abdominal aortography
concomitant with coronary angiography, up to 11% of
patients can be shown to have significant unilateral RAS
and 4% bilateral RAS less than or equal to 50%.9 A close
relationship exists between the extent (number of diseased
coronary vessels) of CAD and severity of RAS.9

Prospective observational studies from the same group
have shown that the presence and severity of RAS confer a
negative impact on survival in these CAD patients,26

which will be discussed later. Other US investigators have
shown similar data; a group from Chapel Hill, NC, found
RAS more than 75% in 11.7% of 843 patients undergoing
simultaneous coronary and renal angiography.20 Factors
associated with ARVD prevalence were older age, worse
renal function, PVD, number of cardiovascular drugs,
hypertension, female sex, and 3-vessel CAD or previous
coronary artery bypass graft. In a more recent coronary
angiographic study of 650 patients, Ollivier et al24 noted
RAS more than 50% in 14.5% of patients, 3.1% of which
were bilateral (Table 3).

Growing awareness of the association between CAD
and ARVD and of the adverse prognosis engendered in
CAD patients by significant RAS fuelled cardiologic
enthusiasm to detect (“shoot the renals”) and perform
endovascular intervention (“drive by angioplasty”46) of
RAS lesions during coronary investigation, a major reason
for the marked increase in renal stenting procedures
undertaken in the United States within the last decade.47,48

This approach may be gradually dispersing as awareness
that only a minority of patients with RAS derive clinical
benefit from renal revascularization procedures increases.

Cardiac dysfunction and ARVD

As would be expected, the frequent association of
ARVD with CAD and hypertension can result in
structural heart disease, which can be detected in most
patients; consequent syndromes of cardiac dysfunction
are also highly prevalent. In our ARVD population, a
cross-sectional echocardiographic study of 79 patients
identified a significantly higher prevalence of left
ventricular (LV) hypertrophy (78.5% versus 46.0%),
LV diastolic dysfunction (40.5% versus 12.0%), and



Table 3
ARVD prevalence studies for all vascular diseases performed after 1990 subdivided according to concomitant anatomical bed imaged and risk factors
associated with ARVD presence

Author
Year of
Publication

No.
Patients Type of Study Prevalence of Significant RAS Factors Associated With RAS

CAD
Ollivier et al19 2009 650 Abdominal aortography

after coronary angiography
14.5% had RAS N50%, 3.1%
bilateral disease

Male sex, multivessel CAD,
hypertension, renal insufficiency

Cohen et al20 2005 843 Abdominal aortography
after coronary angiography

11.7% had RAS ≥ 75% Older age, higher creatinine levels,
PVD, number of cardiovascular
drugs, hypertension, female sex, and
3-vessel CAD or previous coronary
artery bypass graft

Rigatelli et al21 2005 205 Abdominal aortography
after coronary angiography

19.5% had RAS ≥ 50%,
7.3% bilateral

≥3-vessel CAD, age N65 years, and
≥3 cardiac risk factors

Aqel et al22 2003 90 Abdominal aortography
after coronary angiography

28% RAS N50%, 10% bilateral Age N65 years, PVD, renal
insufficiency

Wang et al23 2003 203 Abdominal aortography
after coronary angiography

14.8% RAS ≥50%,
2.6% bilateral

Age, multivessel CAD

Weber-Mzell et al24 2002 177 Abdominal aortography
after coronary angiography

11% had RAS, N50%,
6.8 ≥70%, 2.8% bilateral N50%

Decreased eGFR, extent of CAD

Rihal et al25 2002 297 Hypertensive patients,
abdominal aortography
after coronary angiography

19.2% RAS N50%, 3.7% bilateral,
7% had RAS N70%

Systolic blood pressure,
cerebrovascular accident/TIA,
cancer

Conlon et al26 2001 3987 Abdominal aortography
after coronary angiography

4.8% had unilateral RAS ≥75%,
0.8% bilateral ≥75%

Female sex, increasing age,
hypertension, CCF, increased
creatinine

Uzu et al28 1997 297 Autopsy series identifying
patients who had suffered a
myocardial infraction

12% had RAS, 28.6% of these
had bilateral RAS

Hypertension, proteinuria and
renal insufficiency

Jean et al29 1994 196 Abdominal aortography
after coronary angiography

18% had RAS N50% CAD and renal insufficiency (only
univariate analyses performed)

Harding et al9 1992 1235 Abdominal aortography
after coronary angiography

N15% had RAS N50%, 11%
unilateral, 4% bilateral disease

Age, severity of CAD, CCF, female
sex, PVD

Aortic and PVD
Amighi et al30 2009 487 Peripheral angiography

followed by renal angiography
15.6% had RAS ≥60%

Androes et al31 2007 200 Peripheral angiography
followed by renal angiography

12% had RAS ≥50% Hypertension, CAD, female, DM,
aortoiliac disease, age N60 y,
multiple levels of PVD

Leertouwer et al32 2001 386 PVD suspected 32.6 % had RAS ≥50%,
22.8% bilateral

Not analyzed

Iglesias et al33 2000 201 Aortoiliac 26.4% had RAS N50% Not analyzed
Miralles et al34 1998 58 PVD/AAA 29.3% had RAS N60% Hypertension, carotid artery stenosis
Wachtel et al35 1996 100 Peripheral angiography

followed by renal angiography
14 % had RAS ≥50%,
3 bilateral

Hypertension, PVD

Missouris et al36 1994 127 Peripheral angiography
followed by renal angiography

15.7 had RAS ≥50%,
11.8% bilateral

Multivessel PVD, smoking, higher
cholesterol

Valentine et al37 1993 98 Abdominal aortography as
preoperative assessment
of AAA

24.5 had RAS ≥50%,
10.2 ≥75% RAS/RAO

Hypertension, renal insufficiency

Swartbol et al38 1992 405 Peripheral angiography 49.1%, 117 moderate, 14
severe RAS

Hypertension, age N70 y, smoking,
pathological ECG

Olin et al39 1990 395 PVD/AAA 33%-39% had RAS N50%,
13% bilateral

Hypertension, worse renal function

Choudhri et al40 1990 100 Peripheral angiography
followed by renal angiography

11% had RAS N50% RAS,
24% had bilateral RAS,
7% RAO

No factors analyzed associated

Wilms et al41 1990 100 Peripheral angiography
followed by renal angiography

22% had RAS Not analyzed

Salmon et al42 1990 374 Peripheral angiography
followed by renal angiography

13.9% had RAS ≥50%,
5.9% bilateral

(continued on next page)
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Table 3 (continued)

Author
Year of
Publication

No.
Patients Type of Study Prevalence of Significant RAS Factors Associated With RAS

Stroke
Kuroda et al43 2000 346 Autopsy series identifying

patients who had suffered
a CVA

10.4% had RAS ≥75% Older, worse renal function

Nakamura et al44 2007 41 Patients with carotid artery
stenosis underwent renal
Doppler scanning

26.8% had RAS Other cardiovascular comorbidities,
renal function, smoking

Kawarada et al16 2007 729 Patients with known CVD and
cardiovascular disease
underwent duplex sonography
and a portion of patients
underwent angiography.

5.2% and 4.8% had RAS on
duplex sonography and
angiography respectively.
6.3% and 6.7% had RAS of
patients with CAD, 8.8% and
9.3% in multivessel CAD,
7.5% and 8.2% in CCF, 20.0%
and 22.2% in carotid artery
stenosis, 10.3% and 10.2% in
stroke, 20.0% and 20.0% in
PVD, and 12.0% and 11.8%
in AAA.

Smoking, peripheral artery disease,
abdominal aortic aneurysm and
renal atrophy

Abbreviations: ECG indicates electrocardiogram. Other abbreviations as in Table 1.
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greater LV Mass Index (183 ±74 versus 116 ±33 g/m2)
compared with a non-ARVD control group with similar
degree of chronic kidney failure (CKD) and blood
pressure,49 and only 4 (5.1%) of the patients were found
to have normal hearts. Prospective follow-up of a
subgroup of these patients showed progression of the
echocardiographic abnormalities with increasing LV
Mass Index and cardiac dilatation.50 Syndromes of
Table 4
Reports of renal revascularization for CCF and/or acute pulmonary edema in th

Authors and year
of Publication

No.
Cases

Acute or Chronic
Heart Failure
Presentation CAD

Left Ventricular
Systolic Dysfunctio

Kane et al,
200952

163 Chronic 65%-74%
of subjects

Left ventricular
ejection fraction
47%-49%

Gray et al, 200253 39 Both Unknown Unknown

Missouris et al,
200054

9 Chronic Unknown Unknown

Bloch et al,
199955

25 19 acute,
6 chronic

Yes 15/25 Yes 4/25

Weatherford
et al, 199756

5 Acute Yes 2/5 No

Khosla et al,
199754

28 Chronic Yes 24/28 Yes 22/28

Messina et al,
199259

17 Acute Yes 11/17 Yes 6/17

Pickering et al,
198858

11 Acute Yes 5/11 No

Meissner et al
198857

6 Chronic Yes Yes

Abbreviations: APE, acute pulmonary edema; SFK indicates solitary functionin
Other abbreviations as in Table 1.
cardiac failure are commonplace in association with
ARVD. Although several nonrandomized studies have
looked at the outcomes postrevascularization in patients
with congestive heart failure (CHF) and ARVD (the
larger studies are noted in Table 451-60), only 3 groups
have specifically looked at the prevalence of RAS in
patients with CHF. At our center, we found that more
than a third of older patients presenting with new-onset
e presence of RAS (adapted from de Silva et al51)

n RAS Degree CCF End Point

N70% stenosis Reduction in hospitalization and
NYHA class in those who
were revascularized

18/39 severe bilateral, 21/39
severe unilateral to SFK

Reduction in hospitalization for
heart failure

4 severe bilateral, 5
severe unilateral

Echo normalized in one, free from
heart failure in other

22 bilateral, 3 unilateral 18/25 no recurrence, 3 with APE,
4 with CCF at 1 y

1 severe bilateral, 4 severe
unilateral to SFK

No APE during a mean follow-up of
57 mo

N70% stenosis, 8 unilateral,
20 bilateral

16/28 improvement in NYHA class

Severe bilateral No APE during a mean follow-up of
2.4 y

7 bilateral, 2 unilateral to SFK,
2 unilateral

10/11 no further APE

Severe bilateral or unilateral
to SFK

Undefined clinical improvement

g kidney.
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heart failure had RAS,27 whereas de Silva et al61 found
that 54% of 135 heart failure patients had RAS more than
50%. Patients with significant RAS were more likely to
have renal dysfunction, be on higher doses of diuretics,
have lower doses of angiotensin-converting enzyme
inhibitors, have prolonged hospital admissions, and
have a negative outcome (admissions with exacerbation
of CHF, higher mortality). A recent study from the Mayo
Clinic found CHF to be present in 31% of 163 ARVD
patients with hypertension and renal insufficiency
referred for revascularization.52 Interestingly, most CHF
patients had relative preservation of LV systolic function
at echocardiography but evidence of diastolic dysfunc-
tion, suggesting a hypertension mediated cause for their
CHF. A subset of these patients were compared with age
and sex-matched ARVD control patients with similar
comorbidities who were managed medically; patients
who were revascularized had a 5-fold reduction in the
number of hospital admissions and a significant reduc-
tion in symptomatic New York Heart Association
(NYHA) class compared with medically managed
patients, but no difference in mortality. This was thought
to be related to the high atherosclerotic burden of
these patients, which was independent of revasculariza-
tion status.

Sudden onset or “flash” pulmonary edema is a life-
threatening clinical presentation of severe ARVD that
occurs in up to 10% of patients.58 Clinical pointers to
this diagnosis are considered in a later section, but its
incidence is likely to be underrepresented in the
literature due to a paucity of systematic studies and
the fact that not all appropriate patients with abrupt
onset LV failure undergo renovascular investigation.
Those patients with bilateral significant disease or
solitary functioning kidneys are at increased risk of
this condition, which remains one of the few widely
accepted, albeit nonevidenced-based, indications for
renal artery revascularization.55,60

Aortic aneurysm and PVD

As would be expected due to anatomic colocalization,
aortoiliac disease is very frequently associated with
ARVD, and RAS is often detected incidentally during
vascular surgical investigation. The prevalence of ARVD
in patients undergoing aortography for intermittent
claudication has been described by several investigators
(Table 2). Missouris et al36 found that 45% of 127 patients
referred for investigation of PVD had ARVD, and the
presence of the latter correlated with severity of PVD. In a
cohort of patients who underwent aortic or peripheral
angiography, Olin et al39 found anatomically significant
RAS in 38%, 33%, and 39% of patients with abdominal
aortic aneurysm, aorto-occlusive disease, and PVD,
respectively. In a recent study of 483 patients with
symptomatic PVD, those with severe RAS (15.6% had
≥60% RAS) had a 2.5-fold increased adjusted risk for
occurrence of the composite end point of myocardial
infarction, stroke, amputation, and death and a 2.9-fold
increased risk for death, compared with patients without
RAS30 over a median follow-up time of 15 months.

Cerebrovascular disease

Another major vascular bed in which atheromatous
disease is highly important is the carotid circulation, and
the presence of RAS in hypertensive patients who have
had stroke and/or carotid stenoses is well established. In a
postmortem series of almost 350 patients with brain
infarcts, carotid artery stenosis was found in 34% and
RAS more than 75% in 10%; RAS was more likely in
those with carotid stenosis than those without carotid
disease.43 The previously cited Japanese study found that
of a select group of 729 patients, 22.2% with carotid
artery stenosis had RAS on angiography.16 Conversely,
in a prospective study of high-risk patients, carotid
disease was identified in 46% of those with RAS but only
in 12% who had no ARVD.62

Patients with known ARVD have even greater rates of
macrovascular disease prevalence, and this has already
been described for the US Medicare population6 (Table 1).
An observational study of 156 ARVD patients in 20
hospitals in Spain has shown similar associations with
PVD (67.5%), CAD (44.8%), heart failure (32.6%), and
stroke (27.3%).63

Clinical implications of ARVD associated with other
atheromatous diseases

When managing the patient with ARVD, the clinician
is often faced with difficult clinical scenarios that involve
consideration of treating atheromatous lesions in several
important vascular beds. For example,

1. a patient with acute coronary syndrome, but also
significant hypertension and severe RAS lesions and

2. a similar patient who is also noted to have significant
carotid stenoses in addition to severe RAS and
CAD lesions.

In these situations, there is no trial evidence to guide
best practice, but a common sense approach should
prevail.51 Hence, in the first scenario, the CAD would
usually be attended to first, unless severe renovascular
hypertension made this procedure risky, as a fall in
blood pressure that might accompany dilatation of RAS
could predispose to myocardial infarction. The same
argument can be applied to the second scenario, but
here, the treatment sequence might be even more
complex and will be determined by severity of
symptoms, and also whether the coronary or carotid
treatment can be attempted by endovascular techniques
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as opposed to direct invasive surgery. In both situations,
the patient will be at increased risk of contrast-
induced acute kidney injury (AKI), and appropriate
prophylaxis should be provided whatever the manage-
ment approach.64

Studies in hypertensive populations

Atheromatous renovascular disease can be identified in
approximately 2% of selected hypertensive populations.65

However, despite the frequent association of ARVD with
hypertension, it is often questionable whether a given RAS
lesion is causative, as a rigorous definition of renovascular
hypertension would necessitate cure or substantial im-
provement in hypertension after a narrowed renal artery is
dilated.66 We believe that essential hypertension may
more often be a contributor to the development of ARVD
rather than a result of its presence.

ARVD in dialysis populations

Impaired renal function is identified in most patients
with ARVD, but whether the RAS lesions are causal with
respect to the CKD is often debatable, because
hypertension and an atherogenic milieu probably predate
RAS development in many patients. This will be
discussed in another chapter. In the United States Renal
Data Systems (US-RDS), ARVD was listed as the
primary cause of end-stage renal disease (ESRD) in
only 2.1% of patients in 199767; others believe it to be
responsible for at least 15% of ESRD in more older
patients.68 We suspect that some of the latter cases
represent incidental ARVD, which is not pathophysiolo-
gically important in the cause of ESRD but rather a
comorbid association, and this view is supported by
another study of the US-RDS population in which twice
as many patients (11%) commenced dialysis with known
ARVD than had this condition listed as the primary cause
of renal failure.67 Nevertheless, awareness of this asso-
ciation is very important because some cases of ARVD
will present subacutely with ESRD, and revascularization
of critical RAS, or even of recent RAO, can occasionally
reprieve patients from a future of dialysis care.69 As will
be discussed later, patients with ARVD and ESRD have a
poor survival outlook, presumably because of their
extensive vascular comorbidities.

Clinical presentations of ARVD

Many patients with clinically silent ARVD have their
disease identified during the investigation of other
conditions (eg, during coronary or peripheral angiogra-
phy). A large proportion will be identified after referral to
specific clinics (eg, to nephrology, hypertension, or heart
failure clinics), whereas a minority are first detected
during an acute hospital admission (eg, AKI and
pulmonary edema).

Hypertension
Almost all patients with hemodynamically significant

RAS lesions will be hypertensive, the exceptions being
patients with advanced cardiac dysfunction and dilated
hearts. Unlike the situation with fibromuscular disease of
the renal arteries, most patients with ARVD and
hypertension also have reduced renal function. Data
from the Angioplasty and Stent for Renal Artery Lesions
(ASTRAL) trial show that 98% of ARVD patients had
hypertension at enrollment but that only 25% had an
estimated glomerular filtration rate (eGFR) greater than 50
mL/min and 40% a serum creatinine less than 150 μmol/L
(1.69 mg/dL).70 Typically, there is severe systolic
hypertension with low diastolic pressure and widened
pulse pressure, resistant to medical therapy.

Acute kidney injury
Atheromatous renovascular disease may present with

AKI for one of several reasons:

• acute RAO (usually on a background of bilateral
significant RAS, or prior unilateral RAO);

• bilateral critical RAS (eg, N95% RAS);
• in association with accelerated-phase hypertension;
• due to cholesterol atheroembolization in patients
with severe aortic atheroma who undergo angio-
graphic procedures, other aortic instrumentation, or
anticoagulation;

• radiocontrast injury as a result of angiographic
procedures; and

• in association with agents that block the renin-
angiotensin system.

Chronic kidney disease
The commonest nephrologic presentation of ARVD

is with asymptomatic CKD, usually associated with
hypertension, referred to the nephrology clinic. As will
be discussed in another chapter, in many patients, the
hypertension (rather than specific ischemia resulting
from severe narrowing of a given RAS lesion) may
be preeminent in the pathogenesis of the CKD, and we
feel that ARVD is more often an association with,
rather than the cause of, many cases of CKD. This
is supported by histopathologic studies of ARVD
that show a pattern of nonspecific intrarenal injury,
which can be hard to distinguish from hypertensive
damage.71,72

Cardiac failure
Atheromatous renovascular disease can present with

syndromes of cardiac failure; the most overtly recognized
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are sudden onset pulmonary edema and CHF, but it is
likely that many additional patients with primarily
diastolic heart failure and hypertension have underlying
contributory RAS. Patients with flash pulmonary edema
usually have severe bilateral RAS/RAO coupled with
severe or accelerated hypertension and AKI,55,60,73 and the
condition can be fatal. There is increasing recognition of
the coassociation of CHF and RAS; clues to the diagnosis
are the presence of hypertension in patients with CHF, but
especially the presence of arterial bruits (epigastric and
femoral), which might be detected in CHF patients with
low or normal blood pressure.74
Fig 1. Cumulative incidence of renal artery disease progression
stratified according to treatment with or without statin therapy (log-
rank test, P = .03). Reprinted from Cheung et al.78
Natural history and prognosis

Progression of disease in renal artery lesions

As understanding of the pathogenesis of ARVD has
improved, so, too, has the treatment associated with it
evolved. Before the advent of statins, studies showed
relentless progression of RAS lesions to more severe RAS
or RAO. A serial arteriographic study reported in 1984
showed the progression of RAS to be 44%, with
progression to RAO seen in 16% of 85 patients over 52-
month mean follow-up.75 A decade later, a study of 1189
patients showed significant RAS progression in 11.1% of
patients during a mean interval of 2.6 years between
angiographic studies.10 High rates of progression to more
severe RAS, but not RAO, was noted in a similar era using
serial duplex ultrasound in 170 patients with RAS. After
5 years' follow-up, 33% of renal arteries initially classified
as normal and 75% of arteries with less than 60% stenosis
had progressed to high-grade stenosis, and 9 lesions had
progressed to RAO.76

The progression of renal atrophy associated with RAS
has been characterized by Caps et al,77 who scanned 204
kidneys with duplex ultrasound and repeated this at 2 years
to examine changes in kidney size. The 2-year cumulative
incidence of renal atrophy (defined as N1-cm shrinkage in
bipolar length) was 20% in RAS more than 60% as
opposed to 5.5% in kidneys with normal renal arteries. The
risk of atrophy was more significant among kidneys
exposed to elevated systolic blood pressure, high-grade
RAS, and low cortical blood flow velocity. Atrophy was
associated with an increase in serum creatinine, thus
emphasizing the role of renal shrinkage in progression of
renal impairment.

Although current experience of RAS progression is less
well described, the rates of progression described above
are undoubtedly less. Very few studies have examined the
influence of statin therapy on the natural history of RAS
progression. However, in a retrospective study of 79 RAS
patients who had been investigated with at least 2 renal
angiograms during follow-up, we found a beneficial effect
of statins, with a 3-year cumulative incidence of
progression of renal artery disease of 6% with statins
compared with 30% without statin therapy (72% reduction
in risk of progression with statins; see Fig 1).78

Furthermore, 12 patients showed evidence of RAS
regression, occurring as early as 6 months in some cases,
largely associated with statin treatment. Interestingly,
these results are similar to the regression shown in other
atherosclerotic lesions found in coronary,79 carotid80 and
peripheral beds81 with statin therapy. As will be discussed
in another chapter, statin therapy now seems to be
mandatory in ARVD, and the benefits extend beyond
diminishing RAS progression to effects on rate of
progression of renal dysfunction,82 as well as reduction
of CAD, proinflammatory cytokines,83 LV hypertrophy
and adverse ventricular remodeling, and improvement of
endothelial function.

Progression of renal dysfunction

The degree of RAS often bears no relation to the
severity of intrarenal injury and resulting renal dysfunc-
tion. This has been shown in a study of 71 patients who
had creatinine clearance performed at the same time as
angiography84; eGFR was identical in those with mild
RAS (34.1 ± 12.9 mL/min) compared with those with
severe RAS (34.2 ± 19.7 mL/min), with wide variations of
renal function in the former group. This observation also
applies to kidneys individually assessed by individual
kidney isotopic GFR.85 Another analysis of 113 ARVD
patients at our center confirmed no significant difference
in renal function between patients with unilateral or
bilateral RAS.86 Understandably, some patients with a
severe RAS will experience a drop in renal perfusion
resulting in impaired renal function simply via a hydraulic
effect, but this seems to be the case in the minority of
patients and does not explain why patients with unilateral
RAS also develop renal failure87 or why patients with
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severe RAS often have similar or even worse single
kidney-GFR in the contralateral kidney supplied by a
normal renal artery.85 These findings help explain why
renal function in patients with severe RAS only improves
postrevascularization in the minority and emphasizes the
importance of preexisting intrarenal parenchymal damage,
which will be discussed in another chapter.

The literature detailing renal functional progression
over time is more limited. Data from the ASTRAL study70

show a low rate of progressive renal dysfunction once a
diagnosis of ARVD has been made. In the 403 patients
randomized to medical therapy, the mean creatinine
increased to approximately 10% from baseline over the
first year of follow-up, but only by a further 1% over the
succeeding 3 years of the trial.

Analysis of the 890 patient ARVD cohort at our center,
which comprises patients followed up prospectively since
1999, and before that, retrospectively back to 1985,
indicates that only 91 (10.8%) patients received dialysis
overall. Subdivision of the patients into 5-year categories,
reflecting changes in management over time, shows that
the rate of progression to ESRD may be reducing with
time. Hence, the annual rates of deterioration to ESRD
were 3.2% in 1990 to 1995, 3.5% in 1995 to 2000, 2.3% in
2000 to 2005, and 0.8% for patients diagnosed since 2005.
Patients who progressed to dialysis had significantly more
proteinuria and were less likely to have been treated with
angiotensin-converting enzyme inhibitors (ACE-I) or
angiotensin receptor blockers (ARB) or statins (P b
.0001 for all, unadjusted data) than the patients who did
not progress. These figures are similar to the low rate of
progression identified in the large Medicare study of
ARVD,67 in which the annual rate of ESRD was 2.9%
per year.

Progression of nonrenal macrovascular disease in
patients with ARVD

The presence of ARVD is associated with risk of
progressive extrarenal vascular disease, which has already
been alluded to in earlier sections (see Table 2). In the
Medicare study of patients older than 67 years, the annual
incidence of new-onset ischemic heart disease in ARVD
compared with non-ARVD patients was 30% versus 7%;
with PVD, 26% versus 5%; heart failure, 20 versus 6%; and
stroke, 18 versus 5%, respectively (Table 2). Prospective
analysis of significant vascular end points (including
myocardial infraction, stroke, vascular death, hospitaliza-
tion for angina or cardiac failure, procedures for CAD or
PVD) was also undertaken within ASTRAL.70 These
occurred at a rate of around 10% per year of follow-up with
no difference between the treatment arms (P = .6). The
Stenting in Renal Dysfunction Caused by Atherosclerotic
Renal Artery Stenosis (STAR) trial reported a similar
incidence of vascular events, with 14 (18%) occurring in
the medical therapy arm and 8 (13%) in the revasculari-
zation arm for 2 years.88 This was a lower event rate than
expected, which was postulated to be due to improvement
of cardiovascular risk management.

Survival of patients with ARVD

Patients with ARVD have a high mortality, presumably
partly conferred by their extensive vascular comorbidities.
In the older Medicare cohort, the annual mortality rate was
16.3%, nearly 6 times greater than the risk of developing
ESRD,5 and significantly greater than the 6.4% annual
mortality of the non-ARVD population in Medicare.
However, as shown in the STAR trial,88 with modern
angioprotective therapy, the survival prognosis of ARVD
patients may be improving. Within ASTRAL, the overall
annual mortality was 8%, which compares favorably with
the mortality of the 2000 to 2001 cohort of US Medicare
patients described above.5

Once patients with ARVD reach dialysis, they have a
very poor prognosis; a study by Mailloux et al89 in 1994
indicated a 27-month median survival. However, the large
study of the US dialysis population by Guo et al67 showed
that although the annual mortality rate was around 35% in
patients with ARVD, this was no greater than the crude
mortality of all other dialysis patients, presumably
reflecting the old age and major comorbidities of many
of the latter. The major determinants of mortality in
ARVD are worse level of baseline renal function,90

greater proteinuria,91 and extent of extrarenal macrovas-
cular disease.45,85 In an epidemiologic study from this
department, ARVD patients with both CAD and PVD had
the highest mortality, whereas those with CAD had
significantly higher mortality than patients with isolated
ARVD.86 Conversely, the presence of RAS confers an
adverse prognosis in patients with other vascular diseases.
In the study of patients with symptomatic PVD under-
taken by Amighi et al,30 those with severe RAS had a
2.9-fold increased risk of death compared with patients
without RAS. Conlon et al26 studied the prognosis of
almost 4000 patients undergoing coronary angiography;
the presence of RAS more than 75% (prevalent in 4.8%)
was associated with reduced 4-year survival (57% versus
89% for patients without RAS). The degree of RAS also
carried prognostic significance, patients with 50% RAS
having a 4-year survival of 70%, compared with figures of
68% and 48% for patients with 75% and more than 95%
RAS, respectively.

Other contributors to mortality in ARVD include
increased production of renin and angiotensin,92 trig-
gered by decreased perfusion of the ischemic kidney.
These hormones not only have important hemodynamic
effects but also stimulate cellular hypertrophy and
proliferation contributing to vascular and ventricular
hypertrophy93; other blood pressure-independent effects
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of angiotensin II include endothelial dysfunction, inflam-
mation, accelerated atherosclerosis, plaque rupture,
apoptosis, and progressive glomerular sclerosis, all of
which could be contributory to progressive renal
dysfunction and/or mortality.

As our knowledge of the epidemiology and risk factors
of ARVD and associated cardiovascular disease improves,
hopefully, we will be able to intensify and target treatment
so as to improve the outcome and quality of life of these
high-risk patients.
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