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The diagnosis and management of atherosclerotic renovascular disease (ARVD) is complex and
controversial. Despite evidence from the ASTRAL (2009) and CORAL (2013) randomized controlled
trials showing that percutaneous renal artery revascularization did not improve major outcomes
compared with best medical therapy alone over 3-5 years, several areas of uncertainty remain. Medical
therapy, including statin and antihypertensive medications, has evolved in recent years, and the use of
renin-angiotensin-aldosterone system blockers is now considered the primary means to treat hyper-
tension in the setting of ARVD. However, the criteria to identify kidneys with renal artery stenosis that
have potentially salvageable function are evolving. There are also data suggesting that certain high-risk
populations with specific clinical manifestations may benefit from revascularization. Here, we provide
an overview of the epidemiology, diagnosis, and treatment of ARVD based on consensus recom-
mendations from a panel of physician experts who attended the recent KDIGO (Kidney Disease:
Improving Global Outcomes) Controversies Conference on central and peripheral arterial diseases in
chronic kidney disease. Most focus is provided for contentious issues, and we also outline aspects of
investigation and management of ARVD that require further research.
creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction

In February 2020, KDIGO (Kidney Disease: Improving
Global Outcomes) convened a Controversies Conference
on central and peripheral arterial diseases in chronic
kidney disease (CKD) in Dublin, Ireland. The objectives
were to examine the current state of knowledge about
cerebrovascular diseases, central aortic disease, renovas-
cular disease, and peripheral artery disease in persons
with CKD and to determine what needs to be done in
these areas to improve patient care and outcomes. An
executive summary of the conference proceedings has
been published elsewhere.1 The conference included a
total of 10 international experts who specifically focused
on the topic of atherosclerotic renovascular disease
(ARVD), including nephrologists, cardiologists, inter-
ventional radiologists, and vascular surgeons. Here, those
experts and the conference leadership provide a more
detailed expert consensus summary of the epidemiology,
pathophysiology, investigation, and management of
ARVD, as well as research recommendations for future
consideration.
Epidemiology

Prevalence in Comorbid Conditions

The comorbidity most strongly associated with ARVD is
heart failure (HF). De Silva et al identified that 54% of
patients with systolic HF who underwent magnetic reso-
nance (MR) imaging screening had evidence of renal ar-
tery stenosis (RAS).2 In the subgroup of patients with HF
who had CKD, this increased to 68%.
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ARVD is also independently associated with peripheral
artery disease, coronary artery disease, and hyperten-
sion.3,4,5 Radiologic ARVD (defined as >50% stenosis) has
also been shown to be present in 22%-45% of patients
with suspected peripheral artery disease4 and 14%-30% of
patients evaluated for coronary artery disease. ARVD is
evident in 14.1% of all patients with hypertension and in
20% of patients with hypertension and diabetes.6 Given
this strong association, the European Society of Cardiol-
ogy7 and American College of Cardiology/American Heart
Association8 recommend screening for renovascular dis-
ease in patients with hypertension with a more severe
phenotype, including those with treatment resistance or
accelerated hypertension or those presenting with HF.

CKD and Dialysis Populations

Even though the association of CKD with ARVD is well
described9 and is often termed ischemic nephropathy,10,11

the incidence and prevalence of ARVD in patients with
kidney failure treated by dialysis is poorly characterized. In
patients >50 years of age with advanced CKD, the preva-
lence of ARVD varies between 5% and 22%.12-17 ARVD
appears to have a similar prevalence among patients with
incident kidney failure. Based on data from the US Renal
Data System, 9.2% of patients had a diagnosis of ARVD in
the 2-year period before dialysis initiation, and the inci-
dence has increased (11.2%) in recent years.18 Other es-
timates of the prevalence of RAS in dialysis patients range
from 11% to 22%.12,15,16,19 The degree to which ARVD
plays a causal role in progressive CKD in these populations
is uncertain.
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Outcomes

The morbidity and mortality rates associated with ARVD
are high, with the risk of death markedly exceeding the
risk of progression to dialysis (44% vs 16% over a median
of 4 years).20 In patients not receiving dialysis therapy,
ARVD is associated with a 1.5 times higher mortality rate
than other causes of CKD. In dialysis patients, the mortality
rate with ARVD is more than 3 times higher than with
other primary renal diagnoses. The high burden of car-
diovascular comorbidity in patients with ARVD is likely to
be a major contributor to these outcomes20; over a 4-year
follow-up period, 33% of patients with ARVD experienced
a major cardiovascular event. Patients who present with
acute pulmonary edema have a further increased risk of
adverse outcomes compared with lower-risk ARVD phe-
notypes (ie, those without flash pulmonary edema, re-
fractory hypertension, or rapid loss of kidney function),
with hazard ratios for death and cardiovascular events of
2.2 and 3.1, respectively.21
Pathophysiology

ARVD causes a reduction of blood flow and perfusion
pressure to the kidney which initiates a series of changes,
including compensatory mechanisms and adverse paren-
chymal injury.22 It has long been recognized that renal
artery pressure reduction activates the release of renin,
thereby increasing the production of angiotensin and
aldosterone. Modest changes in renal arterial diameter have
minimal hemodynamic effects, and activation of these
systems occurs only when translesional gradients across
RAS develop with 70%-80% luminal obstruction. These
hormonal systems aimed at restoring renal perfusion have
widespread effects, including increasing sympathetic nerve
activity, arterial remodeling and vasoconstriction, sodium
retention, and activation of inflammatory pathways.23 The
increase in arterial pressure is dependent on these func-
tional changes and can be reversed by restoring renal
perfusion pressure, at least initially. At some point, reno-
vascular hypertension is no longer reversed simply by
resolving the stenotic lesion.

An important corollary related to the gradient between
systemic and renal pressures is that effective antihyper-
tensive drug therapy that lowers systemic pressures mag-
nifies the reduction in blood flow to the poststenotic
kidney. As blood pressure goals remain the same inde-
pendent of high-grade ARVD, many kidneys are subjected
to substantially reduced blood flow for prolonged periods
of time. The kidneys are filtering organs, and they nor-
mally receive more blood and oxygen delivery than needed
for metabolic demands. Within the kidney, the cortex is
abundantly perfused, whereas the deeper medullary re-
gions have less blood flow via postglomerular arterioles
and greater oxygen consumption related to metabolic
work, including solute transport.24 Despite this gradient
leading to relative medullary hypoxia, the kidney can
withstand substantial reductions (30%-40%) of blood flow
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without exacerbation of tissue hypoxia. Part of this
“adaptation” is due to reduced filtration and the conse-
quent reduced oxygen consumption.25

However, as blood flow is further reduced in the setting
of high-grade RAS, the limits of compensation are exceeded.
Experimental and clinical investigations indicate that overt
cortical hypoxia develops. This is associated with rarefac-
tion of renal microvessels, mitochondrial dysfunction, and
activation of tissue inflammatory pathways, including
oxidative stress, as reflected in renal vein biomarkers and
cellular infiltration in kidney tissue (Fig 1).26 These
processes are amplified by dyslipidemia, diabetes,
smoking, and other atherosclerotic disease risk factors.
With time, inflammation induces fibrosis and nephron
loss, and, consequently, deteriorating kidney function
can no longer recover despite the restoration of renal
blood flow.
Investigation of ARVD

Clinical Presentations

Patients with ARVD may present in a variety of ways.
Many are identified by the incidental findings of ARVD
during arterial imaging studies. The most common
clinical presentations are (i) refractory hypertension
despite multiple blood pressure–lowering agents and (ii)
CKD. Although the prevalence of ARVD among patients
with mild hypertension is <1%, in patients with severe
and/or refractory hypertension its prevalence ranges
between 10% and 40%.27,28 Other clinical presentations
of ARVD include loss of glomerular filtration rate (GFR)
during renin-angiotensin-aldosterone system (RAAS)
blockade (defined as a >50% increase in serum creati-
nine level ≤1 week after initiating an angiotensin-
converting enzyme inhibitor or angiotensin receptor
blocker)29; unexplained rapid decline in kidney function
(acute kidney injury [AKI])12,30; acute pulmonary
edema and/or acute decompensations of HF, particularly
in patients with hypertension and CKD31; and renal
asymmetry >1.5 cm.

When and Why To Investigate

Given the range of presentations and the significant co-
morbid risk burden of patients with ARVD, the decision to
investigate requires an individualized approach, balancing
the benefit of establishing an ARVD diagnosis versus the
potential risk from contrast media and/or intervention.
High-risk clinical phenotypes (eg, HF or AKI) that may
benefit from revascularization warrant investigation. Other
indications to evaluate for ARVD include a desire to pro-
vide safe RAAS blockade, such as for antiproteinuric ef-
fects, treatment for HF, or to reduce global vascular risk in
patients with coronary artery disease.

Historically, screening patients for ARVD has been
performed by assessing renal symmetry or atrophy on
ultrasound. However, awareness of comorbidities that are
associated with a very high prevalence of ARVD is likely to
AJKD Vol 79 | Iss 2 | February 2022
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Figure 1. Major pathways leading to kidney injury beyond “critical” levels of renal artery stenosis. Left column depicts sequence of
microvascular injury resulting from loss of perfusion. Histologic sections (A and B) identify reduced glomerular volume and areas
without intact tubules but with increased mononuclear inflammatory cells, consistent with irreversible kidney injury. Blood oxygen
level–dependent magnetic resonance (BOLD-MRI) images (C and D) depict levels of tissue oxygenation with moderate reductions
(30%-40%) of renal blood flow. Legend on right indicates the level of deoxyhemoglobin, which identifies the level of local tissue
hypoxia. In C, cortical levels of deoxyhemoglobin are normally low, consistent with abundant tissue oxygenation even with reduced
blood flow. As more severe and sustained reductions develop, areas of severe localized hypoxia are evident, with increased tissue
deoxyhemoglobin (D).
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be more informative. For example, ARVD has been diag-
nosed in 54% of patients with HF in the setting of
abnormal kidney function (ie, estimated GFR <60 mL/
min/1.73 m2)2 and in 48% of patients referred for coro-
nary artery bypass grafts.32 In contrast, other findings such
as normal echocardiography can indicate that ARVD is very
unlikely, considering that <5% of patients with ARVD have
normal echocardiographic findings.33 Because of the high
prevalence of HF in patients with ARVD, patients who
present with acute pulmonary edema with hypertension
and/or evidence of generalized atheroma should undergo
a workup for ARVD.
Diagnostic Imaging

There are a variety of imaging modalities available for the
diagnosis of ARVD, each with different strengths and
limitations (Fig 2; Table 1). Duplex ultrasound is
frequently used for screening because it is inexpensive and
noninvasive and provides flow data such as peak systolic
velocity (PSV) and renal-to-aorta PSV ratio,34 as well as
assessment of intrinsic kidney disease through the renal
resistive index.35-37 A renal-to-aorta PSV ratio of ≥3.5
strongly correlates with >60% stenosis on catheter angi-
ography.38 Baseline resistive index <0.7-0.8 in the ipsi-
lateral kidney before revascularization has been found to
correlate with a higher likelihood of improved blood
pressure control.35 Unlike duplex ultrasound, multi-
detector computed tomographic angiography also reliably
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detects accessory renal arteries that are important when
considering the potential value of revascularization.
Contrast medium–induced nephropathy risks are low
(w5%), even with GFR <30 mL/min/1.73 m2.39,40 The
sensitivity and specificity are higher for gadolinium-
enhanced MR angiography.41 Historically, the risk of
nephrogenic systemic fibrosis limited the use of certain
gadolinium agents in cases of GFR <30 mL/min/1.73
m2,42 but newer group II gadolinium agents have shown
excellent safety profiles when used in patients with
CKD.43,44 More recent protocols using high field strength
(3-T) magnets45,46and blood-pool contrast agents47,48may
enable higher resolution and accuracy. For example, blood
oxygen level–dependent (BOLD) MR imaging has the
potential to identify kidneys in which revascularization can
reverse abnormal function by detecting preserved tissue
oxygenation levels.26,49
Standard Medical Therapy

Medical management of ARVD is fundamentally targeted
to reducing coexisting global cardiovascular risk and pro-
tecting kidney viability. Intensive management of arterial
hypertension is the single most important and modifiable
cardiovascular risk factor, with the latest American Heart
Association/American College of Cardiology8 and Euro-
pean Society of Cardiology7 guidelines recommending a
target blood pressure <130/80 mm Hg and KDIGO rec-
ommending systolic blood pressure <120 mm Hg.50 Initial
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Figure 2. Examples of atherosclerotic renovascular disease imaged using multidetector computed tomographic angiography (CTA;
A), magnetic resonance angiography (MRA; B), and catheter angiography using carbon dioxide (C) or iodinated contrast medium.
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antihypertensive therapy often includes multiple drugs,
but RAAS blockers are preferred. Before the introduction of
angiotensin-converting enzyme inhibitors and, later,
angiotensin receptor blockers, renovascular hypertension
often manifested as intractable or malignant-phase hyper-
tension.51 Because reduced renal perfusion pressure trig-
gers activation of the RAAS, these agents are
physiologically rational agents to treat renovascular hy-
pertension and have made the disorder more manage-
able.52 Several observational series suggest that RAAS
blockade reduces mortality in individuals with ARVD.53-55

Hence, RAAS blockade is recommended in the setting of
ARVD.

RAAS blockade has a potential disadvantage, however.
Glomerular filtration depends on the action of angiotensin
II under some conditions, specifically those with marginal
renal perfusion pressure and/or sodium depletion.56,57 As
a result, many clinicians are wary of observing a decrease
in GFR (manifest as increasing serum creatinine level) in
patients with ARVD and/or CKD. A marked increase in
creatinine level can serve as a marker of impending
“critical” RAS with marginal flow and filtration dependent
on angiotensin II. Removal of the stenosis with successful
Table 1. Summary of Imaging Modalities Used to Diagnose Ather

Imaging
Modality Sensitivity Specificity Strengths
Duplex
ultrasound

91%-100% 82%-91% Inexpensive, nonin
waveform and velo
data about kidney

Multidetector
CTA

64%-96% 90%-92% Rapid multiplanar
detection of acce

MRA 94%-97% 85%-93% No radiation or iod
required

Catheter
angiography

100% 100% Gold standard of
enables measurem
postintervention g
and treat in same

Abbreviations: BMI, body mass index; CTA, computed tomographic angiography; MR

292
Downloaded for Anonymous User (n/a) at Vilnius Universi

For personal use only. No other uses without permission
revascularization has been associated with removal of
angiotensin dependence and stable kidney function despite
reintroduction of RAAS blockade. Importantly, numerous
registries and a few prospective trials in which RAAS
blockade was universally applied indicate that RAAS
blockade is well tolerated in most individuals with uni-
lateral and/or bilateral ARVD. It should be emphasized that
the presence of a high-grade RAS renders the kidney sus-
ceptible to further reductions in blood flow and loss of
function with any form of systemic antihypertensive drug
therapy.58 In any case, drug therapy in patients deemed at
higher risk requires careful supervision and prompt
investigation of the cause of unexplained loss of GFR with
imaging studies to evaluate for ARVD.

Other medications are also important in the manage-
ment of ARVD. Lipid-lowering drugs are strongly recom-
mended to achieve cholesterol targets appropriate to the
level of cardiovascular risk59,60; by definition, ARVD rep-
resents a clinical manifestation of atherosclerotic disease
and should be considered to pose very high risk. Anti-
platelet therapy with at least a low dose of aspirin is also
considered as standard care for secondary prevention of
cardiovascular events. Additional measures to manage
osclerotic Renovascular Disease

Limitations
vasive, provides
city data, provides
viability (resistive index)

Operator-dependent, limited by high
BMI, limited availability in some
countries

acquisition, allows
ssory renal arteries

Low/moderate levels of radiation,
requires iodinated contrast

inated contrast Long acquisition times (w1 h), may
overestimate degree of stenosis

renal artery evaluation,
ent of pre- and
radients, can evaluate
setting

Invasive procedure, only 2D planar
images acquired, ideally requires
iodinated contrast (CO2 can be
substituted with lesser resolution)

A, magnetic resonance angiography; 2D, 2-dimensional.
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ARVD risk include tobacco cessation61 and glycemic con-
trol.62 Application of guideline-directed medical treatment
was fundamental to the success of “optimized” medical
therapy in the CORAL trial.63
Revascularization in ARVD

Beginning in the 1960s, surgical revascularization of the
kidney became standard therapy for selected patients with
identified renovascular hypertension. Numerous series of
such patients reported improvement (and occasionally
“cure”) in hypertension.64-66 With the expansion of
endovascular revascularization procedures in the 1980s,
percutaneous angioplasty with stent implantation was later
widely applied to ARVD, allowing treatment of individuals
deemed to be at high surgical risk. Endovascular in-
terventions were developed in parallel with major ad-
vances in antihypertensive drug therapy (including RAAS
blockade) and medical therapies to treat atherosclerotic
disease. As interventional procedures have some risks and
are not always effective in older individuals with ARVD,
several attempts to characterize their appropriateness have
been undertaken.

Data From Randomized Controlled Trials

A number of small randomized controlled trials (RCTs)
evaluated the clinical effectiveness of revascularization for
hypertension associated with ARVD. Three early RCTs
comparing renal artery angioplasty versus medical therapy
showed no consistent benefit in blood pressure control
with angioplasty.67-69 However, these studies were small
(N = 49-135 participants) and had high rates (27%-44%)
of crossover from medical therapy to intervention.

A decade later, 3 RCTs (STAR70, ASTRAL71, and CORAL63)
directly compared renal artery stent placement with medical
therapy versus medical treatment alone for the prevention of
kidney disease progression in patients with ARVD (Table 2).
In analyses of the overall changes for the particular pop-
ulations enrolled in these trials, renal revascularization did
not consistently lower blood pressure, restore kidney func-
tion, or prevent cardiovascular outcomes more effectively
than optimal medical therapy alone over a follow-up of 3-5
years. For those reasons, the standard of care for initial
management of ARVD migrated away from revascularization
toward primary medical therapy with the aim of achieving
goal blood pressures and stable kidney function.

Despite the RCT findings, there remains substantial
controversy about whether selected patients should still be
considered for revascularization. Fundamentally, the kid-
neys require arterial blood flow to function, so, presum-
ably, there is a threshold beyond which the viability of the
kidney can be lost. Under some conditions, restoring
patency and blood flow may lead to renal recovery. There
are exceptional patients with nearly occluded renal arteries
who, upon the opening of the vessel, have an immediate
beneficial effect with a substantial decrease in blood
pressure and/or a significant improvement in kidney
AJKD Vol 79 | Iss 2 | February 2022
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function. There also continue to be reports from hyper-
tension centers of clinically important blood pressure re-
ductions after stent placement in treatment-resistant
hypertension, as confirmed by ambulatory blood pressure
monitoring.72 There is also a possibility that revasculari-
zation in patients with CKD and bilateral RAS (or single
RAS with a solitary kidney) may delay the worsening of
kidney function. However, these cases are in the minority
and were not well represented in the aforementioned
clinical trials. Based on the available evidence, revascular-
ization for ARVD is categorized as having a class of
recommendation of IIb (weak) and a level of evidence of
C-EO (consensus of expert opinion) in the 2017 American
Heart Association/American College of Cardiology hy-
pertension guidelines.8

High-Risk Clinical Presentations

Despite the absence of consistent benefits from renal
revascularization in any of the previous RCTs, there have
been countless reports in the literature of individual cases,
case series, and particular patient phenotypes that improve
after renal artery revascularization. Large ARVD registries
and cohort studies have suggested that patients with
higher-risk clinical presentations such as AKI, acute and
chronic HF,73 and rapidly declining kidney function,
especially if accompanied by severe hypertension,21 are
more likely to show a positive clinical outcome (Table 2).
Unfortunately, few patients with these presentations were
included in RCTs. Congestive HF was an exclusion for
participation in the CORAL trial. Many such patients
therefore received renal artery stent placement without
being entered into the trials.

Individualized patient selection is essential to make a
case for revascularization in high-risk phenotypes, which
we recommend should be based on 3 important
considerations:

1. The presence of a high-grade RAS lesion (>75% or with
radiologic evidence suggesting compromised blood
flow).

2. State of the kidney beyond RAS: Is there evidence of
renal parenchymal viability (Table 3)?

3. The clinical presentation of the patient attributable to
ARVD (Box 1).
There are clear precedents for these recommendations.

It would be difficult to deny renovascular stent placement
in a patient who presents with anuric nonobstructive AKI
when there is evidence of high-grade RAS, or in a patient
with similar renovascular anatomy and acute pulmonary
edema who has no evidence of myocardial ischemia.
Newer imaging techniques such as BOLD MR imag-
ing26,49 have also provided additional insights that may
be of benefit in patient selection. As kidney volume at-
rophies as a result of irreparable ischemic damage,
including fibrosis, the GFR of that kidney generally de-
creases in parallel. There is some evidence that kidneys
with a higher ratio of renal parenchymal volume to GFR
293
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Table 2. Controlled Studies of Renal Revascularization or Medical Therapy for Atherosclerotic Renovascular Disease

Study (Year) N
Inclusion
Criteria

F/U,
mo Treatment

Primary
Endpoint

Key Clinical
Outcomes Comments

Weibull et al
(1993)102

58 Nondiabetic, ≤70
y, untreated
BP ≥160/100
mm Hg,
significant
unilateral RAS,
Scr <300 μmol/L

24 29 PTRA vs
29 surgery

Technical success,
primary and
secondary patency,
and changes in BP
and kidney function
from baseline

DBP <90 mm Hg:
secondary resultsa:
PTRA, 5/29 (17%);
surgery, 5/29 (17%)
Secondary improved/
stable kidney functiona:
PTRA, 83%; surgery,
72% (P = 0.53)
Complications: PTRA, 5/
29 (17%); surgery, 9/29
(31%; P = 0.17)
Primary patency rate at
24 mo: PTRA, 75%;
surgery, 96%

Given tight
inclusion criteria
and highly
selected
population,
unclear if clinical
benefit seen with
both interventions
can be
extrapolated to
general ARVD
population

Plouin et al
(1998)67

49 <75 y, DBP >95
mm Hg, CLcr ≥50
mL/min,
significant
unilateral RAS

6 23 PTRA vs
26 medical Rx

BP at 6 mo and
change vs baseline

No statistical difference
in mean ambulatory BP
at 6 mo and average
reduction in BP between
groups
Complications: PTRA, 6/
23 (26%); medical Rx, 2/
25 (8%)

PTRA reduced
antihypertensive
medication use at
6 mo, but was
associated with
higher risk of
complications

Webster et al
(1998)69

55 <75 y, DBP ≤95
mm Hg, ≥50%
unilateral /bilateral
stenosis,
Scr <500 μmol/L

3-54 25 PTRA vs
30 medical Rx

BP at 6 mo and
change from
baseline

Statistically significant
drop in BP (P < 0.05)
detected only in patients
with bilateral disease
randomized to PTRA
No significant differences
in kidney function or
survival between groups

BP decreased
significantly after
4-wk run-in period
with standardized
antihypertensives
in both groups

van de Ven et al
(1999)103

85 ≥50% ostial
ARVD, BP >160/
96 mm Hg,
positive captopril
renography or
increase in Scr
of ≥20% with
ACEi

6 42 PTRA vs
43 PTRAS

Primary success
rate and patency
rate at 6 mo

Primary success rateb:
PTRA, 24/42 (57%);
PTRAS, 37/42 (88%)
Restenosis at 6 mo:
PTRA, 11/23 (48%);
PTRAS, 5/35 (14%)
Complications: PTRA,
18/42 (43%); PTRAS,
21/42 (50%)
DBP <90 mm Hgc:
PTRA, 2/41 (5%);
PTRAS, 6/40 (15%)
Improved kidney
functiond: PTRA, 4/41
(10%); PTRAS, 5/40
(13%)

PTRAS
technically more
successful than
PTRA whereas
12 patients who
underwent PTRA
required
secondary
PTRAS due to
failed primary
PTRA; this
argued for primary
PTRAS for ostial
atherosclerotic
RAS

van Jaarsveld
et al (2000)68

106 <75 y, Scr ≤200
μmol/L, DBP ≥95
mm Hg, >50%
unilateral or
bilateral RAS

12 56 PTRA vs
50 medical Rx

BP at 3 and 12 mo
after randomization

No significant between-
group differences at 12
mo in kidney function and
BP control

PTRAS may only
be of benefit in
controlling BP in
patients with
bilateral renal
artery disease

Bax et al
(2009)70

140 Unilateral/bilateral
ostial ARAS
≥50%, CLcr

<80 mL/min,
controlled
BP <140/90 mm
Hg for 1 mo

24 76 medical Rx
vs 64 medical
Rx + PTRAS
(intervention
group)

≥20% decrease in
eCLcr vs baseline

>20% decrease in CLcr

vs baseline: medical Rx,
16/76 (22%);
intervention, 10/62
(16%)
Death: medical Rx, 6/74
(8%); intervention, 5/62
(8%)

Significant no. of
PTRAS-related
complications: 2/
62 (3%)
periprocedural
mortality; 1 late
death secondary
to infected
hematoma;
1 kidney failure
needing dialysis

(Continued)
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Table 2 (Cont'd). Controlled Studies of Renal Revascularization or Medical Therapy for Atherosclerotic Renovascular Disease

Study (Year) N
Inclusion
Criteria

F/U,
mo Treatment

Primary
Endpoint

Key Clinical
Outcomes Comments

Wheatley et al
(2009)71

806 Unilateral/bilateral
“substantial”
ARAS,
uncertainty
regarding benefit
from
revascularization

33.6e 403 medical Rx
vs 403 medical
Rx + PTRAS
(95%) or PTRA
(intervention
group)

Change in kidney
function (measured
by mean slope of
reciprocal of Scr)
vs baseline

BP control: no
statistically significant
difference in SBP; DBP
lower in medically treated
group (P = 0.06)
Kidney failure: medical
Rx, 31/403 (8%);
intervention, 30/403
(8%)
CV event: medical Rx,
145/403 (36%);
intervention, 141/403
(35%)
Deaths: medical Rx, 106/
403 (26%); intervention,
103/403 (26%)

Revascularization
associated with
SAEs in 23/403
(6.7%) patients,
including 2
deaths and 3
amputations;
revascularization
conferred no
advantage vs
optimal medical
Rx

Marcantoni at al
(2012)104

84 Unilateral/bilateral
RAS >50%-
≤80%; IHD and
elective coronary
angiography

12 41 medical Rx vs
43 medical Rx +
PTRAS
(intervention
group)

Change in
echocardiographic
LVMI vs baseline

Controlledc or improved
BP control: medical Rx,
81%; intervention, 75%
Death: medical Rx, 2/41
(4.9%); intervention, 2/
43 (4.6%)
CV event: medical Rx,
11/41 (26.8%);
intervention, 11/43
(25.6%)

LVMI, a surrogate
CV endpoint,
decreased by
equivalent
amounts in both
groups

Cooper et al
(2014)63

947 Unilateral or
bilateral
ARAS ≥60%

43e 480 medical Rx
vs 467 medical
Rx + PTRAS
(95%) or PTRA
(intervention
group)

Composite
endpoint of death
from CV or renal
causes, MI, stroke,
hospitalization from
CHF, progressive
renal impairment or
need for KRT

Composite primary
endpoint: medical Rx,
169/472 (35.8%);
intervention, 161/459
(35.1%; P = 0.58)
Death: medical Rx, 76/
472 (16.1%);
intervention, 63/459
(13.7%; P = 0.2)
Kidney failure: medical
Rx, 8/472 (1.7%);
intervention, 16/459
(3.5%; P = 0.11)

Revascularization
conferred no
benefit vs optimal
medical treatment
in terms of clinical
outcomes

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARAS, atherosclerotic renal artery stenosis; ARVD, atherosclerotic renovascular disease; BP, blood
pressure; CHF, congestive heart failure; (e)CLcr, (estimated) creatinine clearance; CV, cardiovascular; DBP, diastolic blood pressure; IHD, ischemic heart disease; KRT,
kidney replacement therapy; LVMI, left ventricular mass index; MI, myocardial infarction; PTRA, percutaneous transluminal renal angioplasty; PTRAS, percutaneous
transluminal renal angioplasty and stenting; RAS, renal artery stenosis; SBP, systolic blood pressure; Scr, serum creatinine; SAE, serious adverse event.
Adapted from Vassallo and Kalra105 with permission from the copyright holder; original content ©2015 the authors and published by Oxford University Press on behalf of
ERA-EDTA.
aResults achieved following intervention in the event of restenosis.
bPatency after first intervention.
cWithout antihypertensive medication.
dScr decreased by >20% from baseline.
eMedian.

Hicks et al
than predicted may manifest improved function after
stent placement,74 as the increased ratio may imply
salvageable renal parenchyma (this has been termed
“hibernating kidney”). That said, only patients with low
levels of proteinuria had favorable outcomes with revas-
cularization in the CORAL trial.75

RCTs in some of these select phenotypes could provide
definitive evidence, and their development should be
encouraged. RCTs would be particularly valuable in pa-
tients with chronic HF and those with a combination of
deteriorating kidney function and severe hypertension. In
the meantime, the results of real-world renal
AJKD Vol 79 | Iss 2 | February 2022
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revascularization practice in these higher-risk phenotypes
from individual centers76 are of value and should be
aggregated, but carefully curated to minimize bias.

Surgical Revascularization

Nearly all RCT data evaluating the efficacy of revasculari-
zation for ARVD are derived from endovascular in-
terventions. As a result, high-quality data evaluating
outcomes after surgical revascularization are lacking. Sur-
gical revascularization has been associated with long-term
stable or improved kidney function in more than two
thirds of patients, but the risk of perioperative mortality is
295
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Table 3. Features of Renal Parenchymal Viability or Nonviability
in Atherosclerotic Renovascular Disease

Sign
Potentially
Viable

More Likely
Nonviable

Timing of kidney
function
deterioration, mo

<6 ≥6

Proteinuria UACR <200 mg/
g (20 mg/mmol)

UACR >300 mg/g
(30 mg/mmol) or
UPCR >500 mg/ga

(50 mg/mmol)
Cortical thickness Cortex distinct

(eg, >0.5 cm
depth)

Loss of corticomedullary
differentiation; no cortex

Renal resistive index <0.8 >0.8
Renal artery length,
cm

>8b <7

Abbreviations: UACR, urinary albumin-creatinine ratio; UPCR, urinary protein-
creatinine ratio
Adapted from Johansen et al1 with permission of the copyright holder; original
content ©2021 International Society of Nephrology.
aSome patients with unilateral renal atrophy may have significant proteinuria and a
viable contralateral kidney with renal artery stenosis.
bPossibly consider kidney length-to-BMI ratio.

Hicks et al
substantial.77 A 2009 meta-analysis of 47 articles
comparing open surgical revascularization versus endo-
vascular therapy for ARVD demonstrated a 34% higher rate
Box 1. KDIGO Consensus on Indications and Nonindications
for Renal Artery Revascularization in Atherosclerotic Renovas-
cular Disease

Definite indications

• Acute pulmonary edema or acute decompensations of heart
failure and high-grade RAS96

• Progressive CKD in high-grade (>75%) RAS (bilateral or
solitary kidney)21

• AKI due to acute renal artery occlusion or high-grade RAS83

• ACEi or ARB intolerance in high-grade RAS
• Kidney transplant with RAS (symptomatic or asymptomatic)91

Possible indications

• Chronic heart failure and high-grade RAS31,73

• Coexistence of progressive CKD and uncontrolled
hypertension21,84

• Asymptomatic high-grade RAS (either bilateral or supplying
solitary kidney) with viable renal parenchyma (to prevent
atrophy)

• New (<3 mo) dialysis patient with nonfunctioning but possibly
viable kidney53-55,83,84

Nonindications

• Moderate to severe hypertension alone
• Asymptomatic unilateral or bilateral (<75%) RAS63,70,71

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; AKI, acute kidney
injury; ARB, angiotensin receptor blocker; KDIGO, Kidney Disease: Improving
Global Outcomes; RAS, renal artery stenosis. Adapted from Johansen et al1 with
permission of the copyright holder; original content ©2021 International Society
of Nephrology.
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of improvement in kidney function with surgery, but a
3.1% higher rate of perioperative mortality.78 As a result,
surgical revascularization is generally reserved for patients
who are not suitable for renal artery angioplasty or stent
placement as a result of complex anatomy (eg, “coral reef”
aorta),79 those with concurrent abdominal aortic aneu-
rysms undergoing planned open repair,80 or some patients
with recurrent stenosis after percutaneous interventions.
Notably, concurrent treatment of RAS during endovascular
aortic aneurysm repair is considered a high-risk procedure
because of a high incidence of adverse kidney outcomes,
including AKI, progressive kidney function decline, and
stent occlusion.81,82
Management of ARVD in Special Populations

Dialysis Patients

Kidney damage in patients who require long-term dialysis is
most often irreversible, making revascularization of severe
ARVD in such patients futile. However, occasional patients
may have nonfunctioning but still viable (ie, “hibernated”)
kidneys that may recover function after revascularization
and/or regenerative therapies (Table 3).83,84 Some of these
kidneys may be sustained and kept viable by collateral
vessels. Recent studies have shown that the loss of GFR
initially related to reduced blood flow ultimately transitions
to progressive injury associated with oxidative stress, active
inflammation, and interstitial fibrosis that becomes irrevers-
ible.85 As the reversibility of damage is time-dependent,86

there is a general consensus to avoid revascularization in
patients who have been receiving dialysis for >3 months.87,88

Currently, dialysis patients with reversible kidney damage
related to severe ARVD who may benefit from revascu-
larization are often denied this possibility because of our
inability to identify them and also because of the decrease
in use of renal revascularization procedures following the
results of the RCTs.63,71 The case for identifying dialysis-
dependent AKI associated with RAS has been raised
earlier.

Kidney Transplant Patients

The prevalence of transplant RAS ranges from 1% to
23% depending on the definition.89,90 Transplant RAS
is associated with a decrease in 5-year allograft survival
rate (79% vs 89% in transplant recipients without
transplant RAS), supporting the use of renal artery
revascularization in these patients. Endovascular treat-
ment of transplant RAS is usually very effective and
seldom requires stent placement. In a recently pub-
lished single-center experience of 63 patients under-
going angioplasty for transplant RAS (86% balloon
angioplasty, 14% stent placement), 1-year primary and
secondary patency rates were 85% and 100%, respec-
tively; allograft survival rates were 89% at 5 years and
85% at 10 years.91 Surgical revascularization is
currently limited to transplant RAS not amenable to
angioplasty or after failure of endovascular treatment.90
AJKD Vol 79 | Iss 2 | February 2022
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HF

ARVD is highly prevalent in HF, occurring in 34% of acute
hospitalizations with systolic HF in patients aged >70
years92 and in 54% of cases of HF in outpatients with
CKD.2 Some of the earliest case series describing response
to revascularization in ARVD noted significant diuresis and
improvement in echocardiographic parameters among
patients with HF.93 Therefore, acute pulmonary edema in
patients with ARVD likely represents acute decompensa-
tion of previously unknown HF. It is therefore recom-
mended that, if a patient presents with acute pulmonary
edema and ARVD is suspected or established, in-
vestigations to define the severity and etiology of HF
should also be undertaken. Where both are present,
“decompensation of HF” is the preferred term.

Medical therapy for ARVD encompasses many of the
therapies established in HF, including RAAS blockade.
Although some patients cannot tolerate RAAS blockers
because of changes in kidney function, this problem is
likely less common than generally perceived. Furthermore,
there is emerging evidence that stopping RAAS blockade
prematurely as a result of change in kidney function can
worsen HF prognosis. Although not specific to ARVD, it is
recommended that angiotensin-converting enzyme in-
hibitors and angiotensin receptor blockers be continued
until an increase in serum creatinine level of 30%-50% is
noted or there is evidence of hemodynamic change or
hyperkalemia.94,95 Other drugs established for use in HF,
such as β-blockers and atherosclerotic secondary preven-
tion with statins and aspirin, are also likely to be of benefit
in ARVD (see Standard Medical Therapy).

The effectiveness of renal artery revascularization in
patients with severe ARVD and HF remains unknown. HF
was underrepresented in the large RCTs. Case reports show
that improvement in cardiac structure and function can
occur with renal artery revascularization in patients with
high-grade stenosis,96 suggesting that this should be
considered in patients presenting with acute pulmonary
edema. The benefits of renal artery revascularization may
extend to refractory chronic HF as well.31,73 Observational
studies have shown a reduction in all-cause mortality73 and
New York Heart Association Class31 after revascularization
in patients with HF with no previous acute decompensa-
tion compared with medical therapy alone. Future in-
vestigations into the efficacy of renal artery
revascularization for patients with HF and severe ARVD are
warranted.

Fibromuscular Disease

Fibromuscular dysplasia (FMD) is a nonatherosclerotic
condition that can affect any vascular bed, but most
commonly affects the renal and carotid arteries. The
prevalence of FMD affecting the renal arteries is estimated
at 3%-4% in the general population based on living kidney
donor data.97 The CORAL trial reported an FMD prevalence
of 5.8% among patients with renovascular hypertension.98
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Hypertension is the most common presenting symptom of
FMD, and frequently occurs despite an absence of tradi-
tional atherosclerotic risk factors.

The mainstays of treatment for FMD are hypertension
control99 and antiplatelet therapy.100 The outcomes of
revascularization for renal FMD have been inconsistent. A
2010 meta-analysis showed that the rates of cure of hy-
pertension (ie, normal blood pressure and no requirement
for antihypertensive drugs) were 36% after angioplasty
and 54% after open surgery.101 Younger patients and those
who have received therapy with antihypertensive agents
for a shorter period of time have a better chance of cure.101

Renal artery stent implantation is not indicated as a pri-
mary intervention in FMD because of concerns of stent
kinking and fracture, and should be reserved to treat
complications such as dissection or rupture.100 Open
surgery is the treatment of choice in patients with complex
lesions affecting the renal artery bifurcation or major
branches, those with aneurysms, or those in whom an-
gioplasty has failed.

Given the ability of FMD to affect any vascular bed,
patients with confirmed FMD should undergo brain
imaging with computed tomographic or MR angiog-
raphy to assess for intracranial aneurysms, which are
significantly more prevalent in FMD than in the general
population.100
Recommendations for Future Trials

There are multiple research endeavors that would be
helpful for understanding the pathogenesis, natural his-
tory, and outcomes of ARVD. Based on the most pertinent
areas of uncertainty, we suggest that research should focus
on the following issues.

• Achieve better understanding of parenchymal structure/
gene expression in the pathogenetic pathway of ARVD.

• Ascertain the role of renal artery revascularization in
heart failure.

• Access proteinuria and its relationship to outcomes.
• Examine long-term outcomes in ARVD.
• Facilitate identification of kidneys with potentially
salvageable kidney function.

• Investigate novel treatments (eg, stem cells, VEGF,
endothelin inhibitors) in ARVD.
Summary and KDIGO Consensus

ARVD is common and presents with heterogeneous phe-
notypes. The efficacy of renal artery revascularization versus
medical therapy alone has not been proven in multiple
RCTs, although there is evidence to suggest that specific
high-risk populations may benefit. Despite the many un-
knowns in the natural history, diagnosis, and management
of ARVD, the clinician evaluating a patient for possible renal
revascularization should consider 3 important components
in the composite clinical picture (Box 1).
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Future research endeavors in this area are required to
improve understanding of the time course of ischemia and
renal parenchymal injury in ARVD, determine optimal
techniques to confirm kidney viability before considering
renal revascularization, and quantify the potential long-
term benefits of renal artery revascularization in prevent-
ing renal atrophy.
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